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[Purpose] The radiator tube is protected from corrosion
by attaching a sacrificial anode to the inner surface of the Al 8
alloy tube.

[Configuration] An Al alloy radiator with a sacrificial anode
attached to the inner surface of an Al alloy tube, in which the
material of the tube and the sacrificial anode is selected so
that the relationship between the pitting corrosion potential
shame of the tube 8 and the hybrid potential E; of the tube 8
and the sacrificial anode 7 is maintained >20mV the
relationship between E;-E;, and the surface area ratio of the
sacrificial anode 7 to the inner surface area of the tube 8 is 1:
0.Select in the range of 1~3. A tube 8 and/or a sacrificial
anode 7 having an Al-Si brazing material layer formed thereon
can be used, and the sacrificial anode 7 can be attached to the
tube 8 by brazing.
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[Effect]Since the cathodic protection of the cathodic by the sacrificial anode 7 prevents the corrosion of the tube-8,
it is possible to select a material for the tube 8 that is suitable for making the radiator lighter and thinner.

[Patent Claims]

[Claim 1] An Al alloy radiator with sacrificial anode attached to the inner surface of an Al alloy tube, where in E1-E;
> 20mV between the pitting potential E; of tube and combined potential E; of tube and sacrificial note, the materials
of the tube and sacrificial anode are selected, so that the relationship is maintained, moreover, the surface area ratio
of the sacrificial node to the inner surface area of the tube is 1:0. An alloy radiator characterized by selection in the
range of 1to 3.

[Claim 2] Al alloy tubes are located on both sides of the Al alloy core, and the Al alloy radiator according to claim 1,
which is a one-layer or multilayer cladding material in which Al-Si brazing filler is laminated.

[Claim 3]The Al alloy radiator according to claim 1 wherein the anode is an Al alloy containing Si.

[Claim 4]The Al alloy radiator of claim 1, wherein the sacrificial anode is brazed to the inner surface of the Al alloy
radiator.

[Claim 5]The Al alloy radiator according to claim 1 which is mounted on a single or multiple sacrificial anode cages
over the entire length of the inner surface of the Al alloy tube.

[Claim 6]The materials of the tube and the sacrificial anode are selected so that the relationship E;1-E;220 mV is
maintained between the pitting potential E; of the Al alloy tube and the hybrid potential E; of the tube and the
sacrificial anode, andthe ratio of surface area to inner surface area of the tube is 1:0. An anti-corrosion method of
an Al alloy radiator characterized in that the sacrificial anode having a surface area selected in the range of 1~3 is
attached to the inner surface of the tube.

[Claim 7]The corrosion prevention method according to claim 6, wherein a sacrificial anode is brazed to the inner
surface of the Al alloy tube.

[Claim 8] The corrosion prevention method according to claim 6, wherein one or more sacrificial anodes are attached
over the entire inner surface of the Al alloy tube.

[Detailed description of the Invention]
[0001]

[Industrial Field of Application] The present invention relates to an aluminum alloy radiator having improved
corrosion resistance by attaching a sacrificial anode to the inner surface of a tube.

[0002][Conventional Technology]For heat exchangers mounted on vehicles such as automobiles that require weight
reduction, Al or Al alloy radiators (hereinafter collectively referred to as Al alloy radiators) are used instead of Cu or
Cu alloy.Aluminum material contains a large amount of anions such as Cl'and S0.Z, in fresh water, the corrosive form
becomes pitting corrosion.Therefore, in order to use aluminum as a structural material for radiators, it is necessary
to take measures to suppress pitting corrosion. As a means of improving corrosion resistance, clad materials using
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the sacrificial anode effect of Zn are the mainstream.For example, in order to provide corrosion resistance to the
wetted parts inside the radiator, the wetted side has a layer structure of Al-Zn alloy (Al-Zn-based skin material/Al-
Mn-based core material/Al-Si-based brazing material), and a radiator tube is made from a clad material.

[0003]As seen in vehicles such as automobiles, the demand for weight reduction of parts is becoming stronger in
order to improve fuel efficiency and increase output. In this connection, radiators mounted on vehicles are also
required to be lighter and thinner. However, if the thickness of a radiator tube made of a conventional clad material
that utilizes the sacrificial anodic action of Zn is reduced, the corrosion resistance tends to deteriorate. For example,
a radiator is assembled by brazing fins to a tube made of clad material, but during brazing, the cladding material is
heated to a high temperature, and Zn evaporates from the surface of the crust, reducing the sacrificial anti-corrosion
effect of the crust. Zn in the skin material diffuses into the core material due to heating during brazing, reducing the
strength of the material. In addition, the conditions regarding the allowable depth of pitting corrosion become
stricter with the thinness of the wall, and the corrosion resistance against internal circulating water remains unsolved.
Furthermore, the thinning reduces the specific strength, making it easier to deform when assembled into a radiator.

[0004]

[Problems to be solved by the invention]in this way, there is a limit to the weight reduction and thinning of radiators
with conventional cladding materials that use the sacrificial anode action of Zn. Therefore, it is conceivable to use
aluminum, which has excellent strength, to give the radiator tube the necessary strength, and to prevent corrosion
by another means. Cathodic protection, in which a sacrificial anode is placed near the metallic structural material
and is preferentially corroded, is known as a method of preventing corrosion of metallic structural materials that
come into contact with aqueous solutions. An example of the use of this cathodic protection for heat exchangers
such as radiators is also introduced in JP-A-55-68595.

[0005]However, the corrosive environment inside the radiator fluctuates in a complex manner, and simply placing a
sacrificial anode in the radiator tube does not provide sufficient corrosion protection.For example, radiators are not
always supplied with the ideal liquid, and sometimes tap water is supplied instead of the antifreeze liquid. Moreover,
the water quality of tap water varies depending on the river water system to which it is supplied, and the corrosive
action on the Al alloy varies. The present invention was devised to solve such problems, and by specifying the
material combination of the tube material and the sacrificial anode material and attaching the sacrificial anode
having a specified surface area to the inner surface of the radiator tube, the radiator tube is always kept below the
pitting corrosion potential, and the purpose is to reliably prevent the radiator from corrosion even if there is a
fluctuation in the corrosive environment.

[0006]

[Means to solve the Problem]in order to achieve the object of the present invention, an Al alloy radiator having a
sacrificial anode attached to the inner surface of an Al alloy tube, selecting materials for the tube and the sacrificial
anode so that a relationship of E;-E;>20 mV is maintained between the pitting corrosion potential E; of the tube and
the hybrid potential E; of the tube and the sacrificial anode, and the surface area ratio of the sacrificial anode to the
inner surface area of the tube is 1:0. It is characterized by being selected in the range of 1~3. For Al alloy tubes, a
clad material in which Al-Si brazing filler metal is laminated on both sides can be used. The Al-Si brazing filler metal
on the inside of the tube facilitates brazing of the sacrificial anode, and the Al-Si brazing filler on the outside of the
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tube facilitates brazing of the fin material.For the sacrificial anode, Si-containing Al alloy may be used in consideration
of brazeability. In this case, it is also possible to use clad material without brazing filler on the surface that is the
wetted side of the tube.The sacrificial anode can be attached to the entire inner surface of an Al alloy tube, for
example, by brazing.

[0007]

[Action] A metal material immersed in an aqueous solution exhibits a potential gradient inherent to the metal, that
is, a self-potential, with respect to the reference electrode. The natural potential shows a value close to the pitting
corrosion potential under the environment where pitting corrosion occurs. For example, when an Al alloy tube is
immersed in an aqueous solution, it exhibits cathodic and anodic polarization curves, the qualitative trends of which
are shown in Fig.1. The cathodic polarization curve is obtained by sweeping the potential to the anode side starting
from the natural potential and reading the current flowing at that time, which shifts to the base as the current density
increases. The anodic polarization curve is obtained by sweeping the potential from the natural potential to the
cathode side and reading the current flowing at that time, which shifts to noble as the current density increases. The
point where the anodic polarization curve rises sharply is the pitting potential E;. When the pitting potential becomes
nobler than E;, pitting corrosion occurs in the Al alloy tube.

[0008]Separately, the anodic polarization curve of the sacrificial anode material is measured in this corrosion system.
The intersection of the anodic polarization curve of the sacrificial anode material and the cathodic polarization curve
of the tube material is called the hybrid potential E>. The hybrid potential E; shown in Fig. 1 is the potential when the
Al alloy tube material and the sacrificial anode material are combined with a surface area ratio of 1:1. Theoretically,
when the hybrid potential E; is a few mV less noble than the pitting potential E;, it is possible to protect the Al alloy
tube from corrosion. Whether the hybrid potential E; is tilted to the Al alloy tube material or the sacrificial anode
material varies in a complex way depending on the anode/cathode area ratio, the potential difference between the
two, the specific resistance and pH of the aqueous solution, the polarization characteristics, and the amount of
dissolved oxygen.

[0009]For example, in a material with low polarization resistance, the difference between the pitting corrosion
potential and the self-potential is small, and the phenomenon easily overlaps according to changes in the
environmental conditions. As a result, pitting corrosion occurs. If the liquid contains Cu ions, even if the material
has a high polarization resistance, the deposition of Cu on the surface of the material shifts the self-potential to a
noble level, and the self-potential becomes critical pitting corrosion.lt may overlap with electric potential. In such a
corrosive liquid, the natural potential is often equal to the pitting potential. The sacrificial anode protects the inner
surface of the Al alloy tube, which is a protective material by corroding the surface. In the process of cathodic
protection, corrosion products adhere to the surface of the sacrificial anode, shifting the self-potential of the
sacrificial anode in the noble direction. As a result, the hybrid potential E; may rise above the pitting corrosion
potential E;.

[0010]The electric current flowing between the Al alloy tube and the sacrificial anode changes according to the
distance between them. That is, the current density is relatively large at the point where the distance between the
Al alloy tube and the sacrificial anode is small, but the current density is small at the point where the distance
between the Al alloy tube and the sacrificial anode is large.is not demonstrated. In aqueous solutions with low
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resistivity, such as those containing salts, the effect of the distance on the anticorrosion action of the sacrificial anode
is small. However, in a corrosive system in contact with an aqueous solution such as tap water, which has a high
specific resistance, the influence of distance appears significantly, and pitting corrosion occurs on the inner surface
of the Al alloy tube far from the sacrificial anode. The inventors of the present invention conducted various
investigations and studies to ensure reliable corrosion protection inside radiators where corrosion conditions change
in a complex manner. As a result, it was found that when a potential difference of AE (=E;-E>) of 20 mV or more is
applied between the hybrid potential E; of the tube material and the pitting corrosion potential E; of the tube
material, the inner surface of the tube can be reliably protected even if the water quality, temperature, flow velocity,
pH, dissolved oxygen, etc. of the aqueous solution in contact with the inner surface of the tube change slightly. Upon
the potential difference of AAE is greater than 20mV, and when the voltage drop potential difference of AE in the
state of the aqueous solution or on the inner surface of the tube becomes 20mV or more, then the inner surface of
the tube is maintained above the pitting corrosion potential E; over the entire area without being affected by the
state of the aqueous solution or the voltage drop on the inner surface of the tube.

[0011]In order to secure the potential difference AE to 20 mV or more, the combination of materials of the tube
material and the sacrificial anode material was specified, and the area ratio S,/S:;= between the surface area S; of
the inner surface of the tube and the surface area S; of the sacrificial anode is 0. It is necessary to maintain a
relationship of 1~3. Area ratio S,/S:=0. The relationship of 1 to 3 are relational expressions found from many
experimental results, but generally affect the mixed potential E; as shown in Fig. 2. That is, if a sacrificial anode with
a large surface area compared to the inner surface of the tube is used, the area ratio S,/S; increases and the mixed
potential E; becomes more negative than the pitting potential E; as shown in Fig. 2(a). Therefore, pitting corrosion
does not occur on the inner surface of the tube, which is the object to be protected from corrosion. On the other
hand, when a sacrificial anode with a small surface area is attached, the area ratio S,/S; is small, and the hybrid
potential E;, which is the combined potential of the tube and the sacrificial anode, becomes nobler than the pitting
potential E;, and pitting corrosion occurs.

[0012]The effect of the potential difference AE (Ei-E,) between the hybrid potential E; and the pitting corrosion
potential E; can be measured using the inverted T-shaped test specimen shown in Fig. 3. In Fig. 3, an inverted T-
shaped specimen with a sacrificial anode material 2 brazed to the center of the flat tube material 1 is used. Note
number 3 is a fillet formed by brazing. The voltmeter 4 is connected to the end of the sacrificial anode material 2 via
a conductor, and the inverted T-shaped specimen is immersed in aqueous solution 5.In addition, an insulating seal is
applied to the opposite side surface of the tube material 1 and the conductor connection part to prevent current
from flowing around and short circuits. Measure the potential on the tube material 1 side using a standard electrode
6 such as a saturated calomel electrode. If the pitting corrosion of the tube material 1 at the point P; farthest from
the sacrificial anode material 2 can be suppressed, the desired anticorrosion effect is obtained. In this way, the pitting
corrosion conditions of a plurality of inverted T-shaped specimens in which sacrificial anode materials 2 with different
surface areas were brazed to the tube material 1 were investigated, and the mixed potential of the tube material 1
and the sacrificial anode 2 was determined in advance.By obtaining the relationship with E,, the effect of the area
ratio S»/S1 on the mixed potential E; can be investigated.The inverted T-shaped specimen in Fig. 3 is rolled upward
and flattened to the shoulder, corresponding to a tube with a sacrificial anode inside.
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[0013]From such test results, the area ratio S»/S: was reduced to 0.It was clarified that pitting corrosion of Al alloy
tubes was stably suppressed by maintaining 1~3 and selecting the materials of tube material 1 and sacrificial anode
2 so that AAE was 20 mV or more. This is because the area ratio S»/S: is 0. When maintained at 1 to 3, a current higher
than the corrosion current density is reliably supplied to the farthest point p1 in the usage pattern of the radiator,
and cathodic protection is achieved. When the area ratio S,/S; is less than 0.1, the sacrificial anodic action is
insufficient and sufficient anticorrosion current does not flow. Conversely, when the area ratio S»/S: exceeds 3, the
cross-sectional area of the sacrificial anode in the inner space of the tube becomes too large, increasing the water
flow resistance in the pipe. As a result, the heat exchange capacity as a radiator is impaired.

[0014]In addition, it is preferable to provide a sacrificial anode over the entire length of the radiator tube, so that
the radiator tube receives corrosion protection uniformly in the longitudinal direction. Alternatively, a sacrificial
anode divided in the longitudinal direction can be attached to the inner surface of the tube under the condition that
the power difference AE and 20 mV are maintained between the farthest hybrid potential E> and the pitting
corrosion potential E;. When the sacrificial anode is attached to the inner surface of the tube over the entire length
in the longitudinal direction, the area ratio S»/S:1 =0 at any point of the pipe. It becomes easier to maintain 1~3. As
the tube material, 1000-series alloys, 2000-series alloys, 3000-series alloys, 6000-series alloys, 7000-series alloys,
and clads of these alloys are used as long as they do not impede the brazeability, although they are not intended to
restrict the present invention.materials are used. It is also possible to use alloys with trace elements such as Si, Fe,
Cu, Mn, Mg, Ti, and Zr added.

[0015]The material of the sacrificial anode is not subject to the present invention, and Al, Zn, Mg, or these alloys can
be used as long as the Al alloy tube is maintained at a noble potential with a potential difference of AE of 20 mV or
more within the range that does not inhibit brazeability. However, since it is to be installed in the narrow inner space
of the tube, Al alloy, which has good workability and can be attached with high joint strength by brazing, etc., is
suitable. For example, when the Al alloy is used as a sacrificial anode, the anti-corrosion effect increases with
increasing Zn content. If the thickness of the sacrificial anode is enough to withstand the pressure of the liquid flowing
in the tube, more specifically, the thickness should be 20um or more, the given purpose can be achieved. Sacrificial
anodes are attached to the inner surface of the tube in a variety of ways. For example, a sacrificial anode may be
attached by mechanical fixing means such as caulking or screwing. However, brazing is not preferred when
considering workability.

[0016]Brazing of the sacrificial anode to the inner surface of the tube is facilitated by using the inner surface of the
tube, i.e. the wetted side, or at least the surface of the sacrificial anode attached to the tube.As such a material, for
example, a clad material laminated with an Al-Si brazing filler metal layer containing about 7 to 10% Si is used. When
the Al-Si alloy layer exists at the joint interface, after applying non-corrosive flux, the tube and sacrificial anode are
assembled into a predetermined shape, and the whole is heated to braze the sacrificial anode to the tube. Specifically,
the Nocolok method is the preferred brazing method.

[0017]
[Example]

Example 1: Al-1. A 250um thick cladding material was used for the radiator tube, which was made of 2% Mn alloy as
the core material and laminated with Al-10% Si brazing filler layer with a cladding ratio of 10% on both sides. In
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addition, the sacrificial anode, an Al-1% Zn alloy plate with a thickness of 60 um was used.As shown in Figs. 4~12,
sacrificial anode 7 was placed on the inner surface of tube 8 in various forms.Tube 8 after brazing was subjected to
a corrosion resistance evaluation test. In the corrosion resistance evaluation test, an aqueous solution containing
1000ppm of Cl ions, 1000ppm of SO4 ions and 10ppm of Cu ions was adjusted to pH 3 with ferric chloride. After the
corrosive liquid held at 88°C was flowed at a flow rate of 35liter/min for 8 hours, it was paused for 16 hours for one
cycle, and the circulation and circulation of the corrosive liquid were repeated for 180 cycles. After the test, the
depth of pitting corrosion generated on the inner surface of the tube was measured and the corrosion resistance
was determined. As is evident from Table 1, pitting corrosion did not occur substantially in any of the cases.

[Table 1]

Table 1: Combination of tube material and sacrificial anode material and occurrence of pitting corrosion

Exam Drawing Composition of Tube Sacrificial Pitting depth after
Number Number Brazing material Core Material Skin Material anode 100 cycles (um)
1 4 Al-10% Si Al-1.2%Mn Al-10%Si Al-1%Zn <10
2 5 v ’ ” - <10
3 6 i i v ” <10
4 7 g ’ ” - <10
5 8 i v v ” <10
6 9 i i v ” <10
7 10 ” ” ” ” <10
8 11 ” ” ” ’ <10
9 12 ” + ” ’ <10
10 13 i i v ” <10
11 14 g ’ ” - <10

[0018]The tube material and the sacrificial anode material were heated at 600°C for 3 minutes to simulate heating
during brazing, and then immersed in the same corrosion test solution. After 500 hours of immersion, the self-
potentials of the tube material and the sacrificial anode material were measured. In addition, the inverted T-shaped
test piece shown in Fig. 3, which was prepared by brazing the tube material and the sacrificial anode material was
immersed in the same corrosion test solution, and the mixed potential at the farthest point P, after 500 hours was
similarly measured. Then, the relationship between the potential AE and pitting corrosion initiation was investigated.
These survey results are shown in Table 2. In this corrosive solution, pitting corrosion was detected in the case of
tube material and sacrificial anode material alone at the same time as immersion. As is clear from Table 2, in Test
No. 1 to 11, the potential difference AE was maintained at 20 mV or more, and no pitting corrosion was detected on
the inner surface of the tube.[Table 2]
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[Table 2] Effect of Sacrificial Anode/Tube Area Ratio on Electric Potential and Pitting

Exam Drawing Area ratio Potential corresponding to the measurement point (- Potential Presence or
Number | Number S2/S1 mV SCE) difference absence of
Self-potential inside sacrificial farthest AE pitting
the tube anode mixed corrosion
spontaneous potential
potential
1 4 0.23 650 752 710 60 Nil
2 5 0.91 “ “ 731 81 Nil
3 6 0.59 “ “ 712 62 Nil
4 7 0.83 “ “ 722 72 Nil
5 8 1.10 “ “ 733 83 Nil
6 9 1.33 “ “ 740 90 Nil
7 10 2.38 “ “ 745 95 Nil
8 11 1.67 “ “ 737 87 Nil
9 12 0.42 “ “ 708 58 Nil
10 13 2.00 “ “ 742 92 Nil
11 14 0.71 “ “ 720 70 Nil

Note: Pitting corrosion spontaneous potential and pitting corrosion potential occurring in the tube material of the
inverted T-shaped specimen

[0019] Example 2: A corrosion test was conducted under the same conditions as in Example 1, except that an Al-2%
Zn alloy was used as the sacrificial anode. Table 3 shows the test results. In the same way, the self-potential and the
mixed potential at the farthest point of the tube material and the sacrificial anode material were measured.

[Table 3]
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Table 3: Combination of tube material and sacrificial anode material and occurrence of pitting corrosion

Exam Drawing Composition of Tube Sacrificial Pitting depth after
Number Number Brazing material Core Material Skin Material anode 100 cycles (um)
12 4 Al-10% Si Al-1.2%Mn Al-10%Si Al-1%Zn No pitting corrosion
13 5 “ “ " ” No pitting corrosion
14 6 “ “ " ” No pitting corrosion
15 7 ’ v v v No pitting corrosion
16 8 ’ v v v No pitting corrosion
17 9 ’ v v v No pitting corrosion
18 10 v " ’ “ No pitting corrosion
19 11 v " ’ “ No pitting corrosion
20 12 v " ’ “ No pitting corrosion
21 13 v " ’ “ No pitting corrosion
22 14 v v v ’ No pitting corrosion
Table 4:

Effect of Sacrificial Anode/Tube Area Ratio on Electric Potential and Pitting

Exam Drawing Area ratio Potential corresponding to the measurement point (- Potential Presence or
Number | Number Sy/S1 mV SCE) difference absence of
Self-potential inside sacrificial farthest AE pitting
the tube anode mixed corrosion
spontaneous potential
potential

12 4 0.23 650 765 701 51 Nil
13 5 0.91 “ 764 710 60 Nil
14 6 0.59 “ 765 703 53 Nil
15 7 0.83 “ 768 720 70 Nil
16 8 1.10 “ 770 725 75 Nil
17 9 1.33 “ 772 738 88 Nil
18 10 2.38 “ 768 760 110 Nil
19 11 1.67 “ 764 741 91 Nil
20 12 0.42 “ 765 671 21 Nil
21 13 2.00 “ 765 745 95 Nil
22 14 0.71 “ 765 721 73 Nil

Note: Pitting corrosion spontaneous potential and pitting corrosion potential occurring in the tube material of the
inverted T-shaped specimen

[0020] Example 3: As shown in Table 5, various combinations of tube materials and sacrificial anode materials were
subjected to corrosion tests in the same manner as in Example 1. As a result, pitting corrosion did not occur in any
of the examples, or the pitting corrosion that occurred was very light, less than 10 um. In addition, the natural
potential and the mixed potential at the farthest point of the tube material and the sacrificial anode material were
measured at this time. In this case, as well, corrosion is reliably prevented by setting the potential difference AE to
20 mV or more.

[Table 5]
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Table 5:Combination of tube material and sacrificial anode material and occurrence of pitting corrosion

Exam Drawing Composition of Tube Sacrificial anode Pitting depth after
Number | Number Brazing material | Core Material | Skin Material 100 cycles (um)

23 4 Al-10% Si/ Al-1.2%Mn (250um) of 2 layers Al-10%Si-2%Zn No pitting corrosion
24 4 Al-10% Si/ Al-1.2%Mn (250um) of 2 layers Al-10%Si-1%Zn <10
25 4 Al-10% Si Al-1.2%Mn Al-10% Si Al-0.01%In <10
26 4 “ “ “ Al-0.01%Bi <10
27 7 “ “ “ Al-0.01%Sn <10
28 7 (Note 1) Al-0.1%In No pitting corrosion
29 7 (Note 2) Al-0.1%Sn No pitting corrosion

Note 1: AlI-10%Si/99.9% Al/Al-1.2%Mn-0.5%Mg/Al-10%Si 4 |layer clad material
Note 2: AlI-10%Si/99.9% Al/Al-1.2%Mn-0.5%Mg/99.9% Al/AI-10%Si 5 layer clad material

[Table 6]: Effect of Sacrificial Anode/Tube Area Ratio on Electric Potential and Pitting

Exam Drawing Area ratio Potential corresponding to the measurement point (- Potential Presence or
Number | Number S2/S1 mV SCE) difference absence of
Self-potential inside sacrificial farthest AE pitting
the tube anode mixed corrosion
spontaneous potential
potential

23 4 0.23 675 770 712 37 Nil
24 4 “ 668 725 698 30 Nil
25 4 “ 650 720 685 35 Nil
26 4 “ 651 723 689 38 Nil
27 7 0.83 650 708 682 32 Nil
28 7 “ 659 787 751 92 Nil
29 7 “ 660 735 722 62 Nil

Note: Pitting corrosion spontaneous potential and pitting corrosion potential occurring in the tube material of the
inverted T-shaped specimen

[0021] Example 4: Tubes were prepared from clad material in which Al-10% Si alloy was laminated on both sides of
Al-1.2% Mn alloy core, and sacrificial anodes with various compositions were brazed to the inner surface of the tube
as shown in Table 7. A corrosion test was then conducted in the same manner as in Example 1. The test results are
also shown in Table 7. In addition, the self-potential and the mixed potential of the farthest part of the tube material
and the sacrificial anode material were measured. In this case as well, corrosion is reliably prevented by setting the
potential difference AE to 20 mV or more.

[Table 7]
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Table 7: Combination of tube material and sacrificial anode material and occurrence of pitting corrosion

Exam Drawing Composition of Tube Sacrificial Pitting depth after
Number Number Brazing material Core Material Skin Material anode 100 cycles (um)

30 4 Al-10% Si Al-1.2%Mn Al-10%Si Al-0.01%Pb 13

31 5 ” v v Al-0.1%Pb <10

32 6 i ’ v Al-0.01%Ca <10

33 7 ” ’ v Al-0.1%Ca No pitting corrosion

34 8 ’ v v Al-0.01%Ga <10

35 9 ” ’ v Al-0.01%Ga No pitting corrosion

36 10 v " ’ Al-0.1%In No pitting corrosion

37 11 v " ’ Al-0.1%Bi No pitting corrosion

38 12 v " ’ Al-0.1%Sn No pitting corrosion

39 13 v “ “ Al-0.02%lIn- No pitting corrosion
0.05%Mg

40 14 v v v Al-1%Zn- No pitting corrosion
0.1%Mg

[Table 8]

Table 8: Effect of Sacrificial Anode/Tube Area Ratio on Electric Potential and Pitting

Exam Drawing Area ratio Potential corresponding to the measurement point (- Potential Presence or
Number | Number S2/S1 mV SCE) difference absence of
Self-potential inside sacrificial farthest AE pitting
the tube anode mixed corrosion
spontaneous potential
potential

30 4 0.23 650 715 672 22 Nil
31 5 0.91 “ 740 704 54 Nil
32 6 0.59 “ 685 678 28 Nil
33 7 0.83 649 743 710 61 Nil
34 8 1.10 650 681 680 30 Nil
35 9 1.33 648 789 750 102 Nil
36 10 2.38 650 807 786 136 Nil
37 11 1.67 651 757 738 87 Nil
38 12 0.11 650 776 689 39 Nil
39 13 2.00 “ 781 754 104 Nil
40 14 0.71 651 761 713 62 Nil

Note: Pitting corrosion spontaneous potential and pitting corrosion potential occurring in the tube material of the
inverted T-shaped specimen

[0022] In order to confirm the action and effect of the present invention, corrosion tests were performed in the same
manner as in Example 1 on tubes (Test No. 41 and 44) with brazed sacrificial anodes so that the area ratio S,/S; is
less than 0.1, tubes with inner fins attached to the same material as tube material (Test No. 42 and 43), and tubes
without inner fins such as sacrificial anodes (Test No. 45). As is clear from Table 9, which shows the test results,
pitting corrosion penetrating the tube wall occurred in the tubes of test numbers 42 to 45. In addition, large pitting
corrosion reaching a depth of 198um occurred in the tube of test number 41 as well.
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[Table 9]

Morningside Case # 001255789

[Table 9]:Combination of tube material and sacrificial anode material and occurrence of pitting corrosion

Exam Drawing Composition of Tube Sacrificial anode Pitting depth after
Number Number | Brazing material Core Material Skin Material 100 cycles (um)

41 12 Al-10%Si Al-1.2%Mn Al-10%Si Al-1%Zn 198

42 7 “ “ “ Al-1.2%Mn Penetration

43 10 Al-10%Si/Al-1.2%Mn of 2 layer Al-10%Si- Penetration
1.2%Mn

44 12 Al-10%Si Al-1.2%Mn Al-10%Si Al-2%Zn- Penetration
0.05%In

45 Nil “ “ Al-1%Zn Nil Penetration

Note: Test No. 45 is a conventional radiator

[0023] The natural potential of the inner surface of the tube and the sacrificial anode (in the corrosive liquid used, it
is almost equal to the pitting corrosion potential) was measured, and the farthest hybrid potential of the tube brazed
to the sacrificial anode was measured. When the potential difference AE between the pitting potential and the
mixed potential was compared with the occurrence of pitting corrosion, it was found that there was a relationship
as shown in Table 10. That is, the area ratio S,/S;: is 0. Pitting corrosion occurred in test numbers 41 and 44 where
the potential difference was less than 1 and test numbers 42 and 43 where the potential difference AE was
insufficient. In addition, radiator tubes with test number 45 made of clad material laminated with Al-Zn alloy layer
that exhibits anti-corrosion effects also experienced pitting corrosion penetrating the tube wall.

[Table 10]

Table 10: Effect of Sacrificial Anode/Tube Area Ratio on Electric Potential and Pitting

Exam Drawing Area ratio Potential corresponding to the measurement point (- Potential Presence or
Number | Number S2/S1 mV SCE) difference absence of
Self-potential inside sacrificial farthest AE pitting
the tube anode mixed corrosion
spontaneous potential
potential
41 12 0.09 650 750 664 14 Yes
42 7 0.83 “ 670 658 8 “
43 10 2.38 675 643 655 -20 “
44 12 0.01 650 630 672 22 “
45 Nil - 720 - - - “

Note: Pitting corrosion spontaneous potential and pitting corrosion potential occurring in the tube material of the
inverted T-shaped specimen

[0024] When comparing the results of Tables 9 and 10 with the results of Examples 1 to 4, the potential difference
AE was maintained at 20 mV or more and the area ratio S»/S;: was 0.0. It can be seen that pitting corrosion on the
inner surface of the tube can be reliably prevented when the range is 1~3.

[0025]

Page 12 of 29



Morningside Case # 001255789

b

[Effect of Invention] As described above, in the present invention, the potential difference AE =20 mV and the area
ratio S,/S:=0.By attaching a sacrificial anode to the inner surface of the tube under conditions of 1~3, an Al alloy
radiator can be obtained that reliably suppresses pitting corrosion on the inner surface of the tube. This radiator
does not have the problems associated with thinning, as seen in clad materials with a conventional Zn-containing
layer, and it is possible to select materials with an emphasis on strength. Therefore, a radiator suitable for
miniaturization and weight reduction can be obtained.

[Brief description of the drawing]

[Figure. 1]Polarization curves of tubing materials and sacrificial anodes

[Figure.2] Effect of area ratio S,/S: on potential difference between pitting potential E; and mixed potential E,
[Figure.3]Diagram explaining the state of measuring the farthest mixed potential
[Figure.4] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.5] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.6] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.7] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.8] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.9] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.10] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.11] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.12] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.13] An example of attaching a sacrificial anode to the inner surface of the tube
[Figure.14] An example of attaching a sacrificial anode to the inner surface of the tube
[Description of Symbols]

7: sacrificial anode 8: Al alloy tube
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Japanese Translated in English
(1) Figure.1
F a2 —T DY — Rotmhiz Cathodic polarization curve of tube material
B Potential
L High and low class

FLEFENL E1 HARENLIRALFENL B

Pitting potential E; Natural potential mixed potential E;

Fa—TMOT /) — Royfmdhifi

Anodic polarization curve of tube material

WO 7 — Royhmihii

Anodic polarization curve of sacrificial anode

RV (uA/cm?)

Electric current density (uA/cm?)

(1)

Figure.2

3:1—777 = ]‘

Tube cathode

HHERSR (7 / — |)

sacrificial anode (anode)

7/ — FHEfEK

Large anode area

7/ — Ffa/h

small anode area
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