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(57) Abrége/Abstract:

A corrosion-resistant clad material Is made of aluminum alloys, and in a preferable mode, comprises: a core which Is either
formed of an Al-Mn alloy containing 0.5 - 1.5 % by weight of Mn; or alternatively formed of an Al-Mg-Si alloy containing 0.05-1.0
% by weight of Mg and 0.05 - 0.3 % by weight of SI. The Al-Mn alloy and Al-Mg-Si alloy further contain, as additional
components, 0.05 - 0.3 % by weight of Ti and/or 0.05 - 0.4 % by weight of Zr. The clad material further comprises skin layers
which are formed of an Al-Zn alloy clad onto at least one surface of the core. In another preferable mode, the clad material
comprises: a core formed of an Al-Mn alloy containing 0.5 - 1.5 % by weight of Mn; and skin layers clad onto at least one surface
of the core and formed of an aluminum alloy containing 1.3 - 5.0 % by weight of Zn, with or without 0.2 - 1.0 % by weight of Mg,

and a balance of aluminum and unavoidable impurities. Cu content as one of the impurities is controlled to 0.05 % by weight or
less, with the skin layers having a thickness of 30 um or less.
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ABSTRACT OF THE DISCLOSURE

A corrosion-resistant clad material is madeﬁbf aluminum
alloys, and in a preferable mode, comprises: a core which
is either formed of an Al-Mn alloy containing 0.5 - 1.5 %
by weight of Mn; or alternatively formed of an Al-Mg-Si alloy
containing 0.05 - 1.0 % by weight of Mg and 0.05 - 0.3 %
by weight of Si. The Al-Mn alloy and Al-Mg-Si alloy further
contain, és additional components, 0.05 - 0.3 % by weight
of Ti and/or 0.05 - 0.4 % by weight of Zr. The clad material
further comprises skin layers which are formed of an Al-Zn
alloy clad onto at least one surface of the core. 1In another
preferable mode, the clad material comprises: a core formed
of an Al-Mn alloy containing 0.5 - 1.5 % by weight of Mnj;
and skin layers clad onto at least one surface of the core
and formed of an aluminum alloy containing 1.3 - 5.0 % by
weight of 2Zn, with or without 0.2 - 1.0 % by weight of Mg,
and a balance of aluminum and unavoidable impurities. .Cu
content as one of the impurities is controlled to 0.05 %
by weight or less, with the skin layers having a thickness

of 30 pm or less.
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CORROSION-RESISTANT CLAD MATERIAL

MADE OF ALUMINUM ALLOYS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a corrosion-resistant clad
material which has a multi-layered structure composed of
" aluminum alloys and is used to manufacture for example the
tubes employed in wvarious types of heat exchangers such as
radiators, car heaters, intercoolers or the like.
| 2. Description of Prior Art

In manufacture of such heat exchangers which must be
highly corrosion-~resistant, there has been used an aluminum
alloy clad material comprising a core and skin layers which
are formed on at least one surface of core by the so-called
cladding process. The core is a sheet made of an aluminum
alloy selected from Al-Mn alloys (i.e., aluminum-manganese
alloys including "A3003" series) or Al-Mg-Si alloys (i.e.,
aluminum-magnesium-silicon alloys called "6000" series) which
are easy to process mechanically. The skin layers serving
as "sacrificially corroding layers" are made of for example
an Al-Zn alloy (i.e., aluminum-zinc alloy). The core 1is
protected from corrosion due to the sacrificial COrrosion
of the Al-Zn alloy forming the skin layers.

The term "sheet" in this specification is meant to include
"films" which is of a thickness less than 0.25 mm.

It is however noted that the prior art aluminum alloy
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clad material is disadvantageous due to its drawbacks
summarized below.

In general, the constituent parts are brazed to become

integral with each other to form such heat exchangers as
exemplified above. Zinc atoms in the skin layer tend to
diffuse into the core at high temperatures when the clad
sheets as said heat exchanger parts are brazed. With the
zinc.atoms which probably diffuse deep in the core, it is
likely that the corrosion resistance of the cdre itself
becomes so poor that the corrosion resistance of the heat
exchanger as a whole cannot be improved to a desirable de-
gree. Heat treatments other than the hot brazing will
likewise cause such a problem.

In a case wherein a corrosive medium such as water
contacts with the inner surfaces of the tubes incorporated
in for example a radiatbr, another type of clad material
has been used which comprises the core of "A3003" alloy having
its inner surface coated with a skin layer of another aluminum
alloy "A7072". The core is easy to work, and the skin layer
serves as the sacrificial corrosion layer more effectively
than in the general cases as mentioned above.

However, this alternative clad material is also
problematic from the following aspect.

Lighter weight and lower manufacture cost are recently

&

T

required for the tubes and other parts of the heat exchangeré,
and therefore efforts have been made to provide thinner parts

including the tubes. A thinner core must be covered with
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thinner "A7072" skin layers 30 pm thick or less. Such
extremely thin skin layers will not produce a sufficient
effect of sacrificial corrosion, thus causing the core to

rapidly corrode impairing the corrosion resistance of the

parts, . -

OBJECTS AND SUMMARY OF THE INVENTION

A‘first object of the present invention is therefore
to provide an.aluminum alloy clad material which is of such
an improved cottosion resistance,that will not be impaired
even by any heat-treatment in‘the brazing or other processes.

A second,object of the invention 1is to provide an aluminum
alloy clad material,which is of such an improved corrosion
resistance that can be maintained even in the case of thinner
skin layers having a thickness of 30 p m 6r less.

The first object is achieved in the invention with a
corrosion-resistant aluminum alloy clad material comprising
a core and Al-Zn alloy skin layers covering at least one
surface of the core, which core is either formed of: an Al-Mn
alloy containing 0.5 - 1.5 % by weight of Mn, and one or
two of additional components which are 0.05 - 0.3 % by weight
~of Ti and 0.05 - 0.4 % by weight of Zr: or made of an Al-Mg-Si
alloy containing 0.05 - 1.0 %.by weight of‘Mg and 0.05 -
0.3 $ by weight of Si, and one or two of additional compo-
nents which are 0.05 - 013 $ by weight of Ti‘nnd 0.05 - 0.4

<

-~
-

$ by weight of 2r. ("Ti" denotes titanium, and "Zr" denotes

zirconium. )
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The second object is achieved in the invention with a

corrosion-resistant aluminum alloy clad material comprising

an Al-Mn alloy core and skin layers covering at least one
surface of the core and having a thickness of 30 num or
less, which skin layers are formed of an aluminum alloy
composed of: 1.3 - 5.0 % by weight of Zn with or without
0.2 - 1.0 % by weight of'Mg; and the balance which consists
of aluminum and unavoidable impurities, wherein content of
Cu as one of the unavoidable impurities is controlled to
be 0.05 & by weight or less. ("Cu" dénotes coppef.)

Other objects,-features and advantages‘of the present
invention will become clear from the following description

made referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view showing in part an
aluminum radiator which is made of a clad sheet provided

in the invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides, in its first mode to
achieve the first object, a corrosion-resistant aluminum
alloy .clad sheet comprising a core and Al-Zn alloy skin layers

which are clad to cover at least one surface of the core.

tae
va o pnd

The core is formed of an aluminum alloy selected from a grouﬁ
consisting of an Al-Mn alloy and an Al-Mg-Si alloy. The

Al-Mn alloy contains 0.5 - 1.5 % by weight of Mn, and further
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one or two of additional components which are 0.05 - 0.3
¥ by weight of Ti and 0.05 - 0.4 % by weight of Zr. The
Al-Mg-Si alloy contains 0.05 - 1.0 '$ by weight of Mg and
0.05 - 0.3 &% by weight of Si, and further one or two of
additional components which are 0.05 - 0.3 % btheight of
Ti and 0.05 - 0.4 &% by weight of Z2r.

Mn (i.e., manganese) contained in the Al-Mn alloy as
the core material enhances to the core and the clad material
a high mechanical strength, easiness of processing and
.corrosion'kesistance, and therefore is regarded as an element
'effective'to improve these properties of the composite clad
material composed of the core. A content of Mn below 0.5
$ by weight rendeférinsufficient the effect, and due to
saturation thereof, a superfluous Mn content above 1.5 %
by weight gives no additional merit which compensates én
increasing cost. Furthermore, an excessive COntth of Mn
will produce coarser crystalline grains which impair
the easiness of processing the core. Thus, it is most
preferable that Mn content falls within a range of 0.7 -
1.2 % by weight. |

Mg (i.e., magnesium) contained in the Al-Mg-Si alloy
as the core material contributes to a higher mechanical
strength of the core and the clad sheet after heat-treated
in the brazing process or the like. A content of Mg below
0.05 % by weight renders poor this effect, and a superfluous

Mg content above 1.0 % by weight gives rise to some problems

such as an imperfect brazing of the clad material. Thus,

-5-
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it is most preferable that Mg content falls within a range
of 0.2 - 0.5 % by weight.

Si (i.e., silicon) contained in the Al-Mg-Si alloy as
the core material contributes also to a higher mechanical
strength of the heat-treated core and clad maté;ial. A
content of Si below 0.05 % by weight renders poor this effect,
and a superfluous Si content above 0.3 % by weight will render
insufficient the corrosion resistance. Thus, it is most
preferable that Si-dontent falls within a range of 0.1 -
0.2 % by weight.

The additional components Ti (i.e., titanium) and/or
Zzr (i.e., zirCOniﬁm), which are contained in the Al-Mn and
Al-Mg-Si alloys, prevent Zn atoms in the heated skin layers
from inwardly diffusing ot migrating into the core and im-
pairing its corrosion resistance. Ti and/or Zr contained
in Al-Mg-Si alloy will also inhibit Mg atoms in the heated
core from outwardly diffusing into the skin layers. If Mg
atoms are permitted to diffuse freely, then local accumu-
lation of Mg within the skin layers would render them more
susceptible to corrosion. Since Ti is equivalent'to zf with
respect to their function of inhibiting the diffusion of
Zzn and Mg atoms,'addition of at least one of Ti and Z2r will
suffice. Insufficient contents of both Ti and Zr below 0.05
% by weight will fail to prevent such a diffusion of 2Zn, s
whereas superfluous contents above 0.3 % by weight of Ti

or above 0.4 % by weight of Zr will not increase the effect

any more but result in difficult manufacture of the clad

65—
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material. Thus, the most preferable content is 0.07 -~ 0.15

% by weight for both of Ti and zr.

- The aluminum alloy of the core may contain other elements
such as Fe (i.e., iron) and Cu (i.e., copper), in addition
to those which are already described above. Fe contributes
to produce finer crystalline grains, improves mechanical
strength, and ‘inhibits intercrystalline.corrosion at high
”temperatures. Thgse effects are poor with a Fe content below
0.03 % by weight, but due to saturation of effects, reach
an uppermost limit'at a content of 1.0 & by weight or higher.
Thus, the content of Fe which may exist in the alloy must
fall within a range of about 0.03 - 1.0 % by weight, and
more desirably within a narrower range of 0.1 - 0.6 % by
weight. Cu prevents cathode corrosion of the skin layer,
and suppresses corrosion from a core's outer surface (that
is, from the surface not covered with a skin layer). Cu
content below 0.05 % by weight does not give such an effect,
and a higher Cu content above 0.2 % by weight causes diffusion
of Cu atoms into the skin layer so that a decreased potential
difference between the core and skin layer does not
sufficiently prevent the so-called cathode corrosion.
Therefore, the content of Cu which may exist in the alloy
must be about 0.05 to 0.2 %, and more desirably 0.07 - 0.15
$ by weight. The Al-Mg-Si alloy forming the core may further
contain Mn at a content of about 0.5 - 1.5 %, or more
preferably 0.7 - 1.2 % by weight. The function of Mn and

the range of its content are the same as those which have

T -
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been described above for the Al-Mn alloy used to form the

core.

zn (i.e., zinc) contained in the Al-Zn alloy of the skin
layers contributes to their sacrificial corrosion so that
the core and clad material can resist corrosioﬂl A poor
zn content below 0.8 % is however insufficient, while a higher
content aboée'S.O % by weight will undesirably accelerate
sacr;ficial corrosion of the skin layers to rather result
in-a lower corrosion resistance of the core. Such an
excesSiveQZn contént'will also impair the rolling property
of the alloy or clad sheet. Thus, a preferred range of
Zn content is from 0.8 to 5.0 $, or more desirably 2 -~ 4
$ by weight.

The alloy forming the skin layers may further contain
unavoidable impurities, which are 0.3 %'by weight or less
of Si and also 0.3 % by weight of Fe. Cu may also be
contained as a further impurity element, but it is desirable
to control its'conteht-to 0.05 % or less. With a higher
content above 0.05 % by weight, the potential of skin layers
becomes high relative to that of the core and as a result
the'sacrificial'corrosion effect of Zn is lowered. There-
fbre, Cu content is controlled more preferably to 0.01 %
'by weight'or less.
To manufacture the aluminum alloy clad material in the .
first mode of the invention, any special condition need not

be employed but such ordinary manners are available as in

the case of prior art clad materials. Aluminum alloy ingots
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are subjected to the homogenizing treatment and are cut into

raw thick sheets, i.e., a raw skin sheet and raw core sheet,
are successively hot-rolled and cold-rolled together to clad

£

the former onto the latter.

The finished clad material provided in the first mode
may be used with its skin layer exposed to a corrosive
epvironment. For example,.an.aluminum radiator comprising
tubes, fin members and header pipes as shown in part in Fig.
1 may comprise each tube made of thié clad sheet, wherein
an inner skin layer 1b formed of an Al-Zn alloy will be
disposed inside as an inner lining to contact with water.
It will be understood that it may suffice to clad the skin
layer 1b onto at least one surface of a cdre la, with another
surface thereof being clad with an outer skin layer, i.e.,

a brazing agent layer 1c which facilitates the brazing of
each fin member 2 to the tubes. The membérs constituting
.the radiator in Fig. 1 have the following compositions.

The core 1a of the tube 1 having a wall 0.18 mm thick is
formed of an aluminum alloy containing: 1 wt% of Mn; 0.1

wts of Fe; 0.1 wt% of Si; 0.1 wt% of Cu; and 0.15 wt% of

Ti (the balance being Al), or alternatively formed of another
alloy containing: 1 wt% of Mn; 0.6 wt% of Fe; 0.2 wt% of
'8i; 0.1 wt% of Cu; and 0.15 wt% of Ti (the balance being
Al). The inner skin layer 1b is formed of an aluminum alloy
containing 2.5 wt% of Zn (the balance being Al), and the
outer skin layer 1c is formed of a "BA4343" alloy. Each

fin member 2 having a wall 0.07 mm thick is formed of an

~9-
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Al-Mn alloy containing 0.01 - 0.1 wt% of In (i.e., indium),
and more particularly an alloy containing 1 wt$ of Mn and
0.05 wts of In is suitable for the fin member. Each header
pipe 3 having a wall 1.6 mm thick is composed of: a core

3a formed of an "A3003" alloy; an innef skin la}er 3b formed
of an "A7072" alloy; and an outer skin layer 3c formed of

a "BA4045" alloy.

To summarize, the clad material given in the first mode
is characteristically composed of: the core formed of the
Al-Mn alloy or Al-Mg-Si alloy whiéh contain 0.05 - 0.3 wt$
of Ti and/or 0.05 - 0.4 wt% of 2r; and the skin 1ayers formed
of the Al-Zn alloy and clad onto.at least one sqrface of
the core. Ti and Zr are effective to Zn atoms in skin layers
from diffusing into the core when heated in the brazing
process or other heat treatment, so that the corrésion re-
sistance of the core is not impaired. This function of Ti
and Zr will fully ensure the sacrificial corrosion effect
of fhe skin layers whereby not only the core but also the
clad material as a whole obtain an excelleht level of
corrosion resistance.

It is also noted that, in the case of the Al-Mg-Si alloy
core, Ti and 2r play a still further role to suppress Mg
atoms from diffusing'from the core into the skin layers,
thus providing the clad material with a more excellent

property to resist corrosion.

Next, the second mode of the present invention will be

~10-
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described below in detail. In this mode to achieve the second
object, there is provided a corrosion-resistant aluminum
alloy clad material comprising: a core formed of Al-Mn alloy
containing 0.5 - 1.5 wt$ of Mn; and skin layers which are
clad to cover at least one surface of the core. The skin
layers are formed of an aluminum alloy whicﬁ contains 1.3
- 5.0 wts of Zn, with or without 0.2 -1.0 wt$% of Mg
incorporated in addition to Zn; and the balance which is
aluminum and unavoidable impurites thereini Cu content as
one impurity is controlled to 0.05 wt% or less, and the
thickness of the skin layers is controlled to 30 ym or less.

The réason for delimiting the material of the~core.to
the Al-Mn alloy resides in a fact that the incorporation
of Mn can give the core a high mechanical strength as well
as easiness of processing and a high corrosion resistance
to thereby improve these properties of the clad material
as a whole. However, a lower Mn content below 0.5 wt#% makes
insufficient such effects, and on the contrary, a higher
content above 1.5 wt% will be useless because of saturation
of the effects. Such a superfluous content of Mn will raise
manufacture cost to an intolerable degree which cannot be
compensated with a slight marginal effect. A preferable
range of Mn content is therefore 0.5 -1.5 wt%, and more
desirably 0.7 -1.2 wt%.

The alloy forming the core may further contain for example
si (i.e., silicon), Fe (i.e., iron), Cu (i.e., copper) or

other elements. If a content of Si which contributes to

-11-~
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a higher mechanical strength of the brazed core is below

0.05 wtg%, then this effect is rendered poor, and a super-
fluous Si content above 0.3 wt% will lower the corrosion
resistance. Thus, Si content preferably falls within a range
of 0.1 - 0.2 wt%. Fe contributes to produce fine crystal
grains, improves strength, and inhibits intetcrystalline
corrosion at high temperatures. These effects are pocr with
a Fe content below 0,03 wt%, but due to saturation of effects,
reach an upper limit at a content of 1.0 wt% or higher.
Thus, the content of Fe which may exist in the alloy must
fall within a range of about 0.03 - 1.0 wt%, and more
desirably within a narrower range of 0.1 -~ 0,6 wt%. Cu
prevents cathode corrosion of the skin laver, and_suppresses
corrosion from a core's outer surface (that is, the surface
not covered with a skin layer). Cu content below 0.05 wt$
does not give such an effect, and a higher Cu content above
0.2 wt% causes diffusion of Cu atoms into the skin layer

sO0 that a decreased potential difference between the core
and skin layer does not sufficiently prevent the so-~called
cathode corrosion. Therefore, the content of Cu which‘may
exlst in the alloy must be about 0.05 to 0.2 wt%, and more
desirably 0.07 - 0.15 wis,

The thickness of skin layers 1s restricted to 30 um or
less because a thickness greater than 30 um renders difficult.
to maintain the lightness and reduce manufacture cost of J
the clad materials and heat exchangers made therefrom.

Corresponding to the thickness of skin layers limited

~12-
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to or below 30 ym, the aluminum alloy contains 1.3 - 5.0
wt$% of Zn. 2Zn (i.e., zinc) contained in the Al-Zn alloy
of the skin layers contributes to their sacrificial corrosion
sO0 that the core and clad material resist corrosion. A poor
Zn content below 1.3 wt%$ is however insufficieﬂ£, while a
higher content above 5.0 wt% will undesirably accelerate
sacrificial corrosion of the skin layers to rather result
in a lower corrosion resistance of the core. Such an
excessive Zn content will also impair the rolling property
of the alloy or clad material. Thus, a preferred range of
Zzn content is from 0.8 to 5.0 wt%, or more desirably 2 -
4 wts,

Mg (i.e., magnesium) is an optional element which may
be added to the alloy forming the skin layers for the pur-
pose of improving the corrosion resistance due to.sacrificial
corrosion effect. Its content below 0.2 wt% is insufficient
for this purpose, but its content above 1.0 wt% 1is superfluous
and useless due to saturation of said effect. The most
preferable Mg content is thus from 6,3 to 0.8 wt$. About
0.3 wts or less of Si and about 0.3 wt® or less of Fe ﬁay
alsb be included in the unavoidable impurities. Cu content
as 6ne of the impurities must be controlled to 0.05 wt$ or
less With a higher c§ntent above 0,05 % by weight, the po-
tential of skin layers becomes high relative to that of the
core and as a result the sacrificial corrosion effect of
Zzn is lowered. Therefore, Cu content is controlled more

preferably to 0.01 % by weight or less.

~13-
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This aluminum alloy clad material in the second mode

of the invention can be manufactured under no special
condition but in such an ordinary manner available to the
prior art clad materials. Aluminum alloy ingots are subjected
to the homogenizing treatment and are cut into ;awthick
sheets, i.e.; a raw skin sheet and raw core sheet, which

raw sheets are successively hot-rolled and cold-rolled
together to clad the former onto the latter.

The finished clad material provided according to the
second mode may be used with its skin layver exposed to a
corrosive environment. For_example, an aluminum radiator
comprising ﬁubes, fin members and.header pipes as shown in
'part in Fig. 1 may comprise éach tube made of this clad sheet,
wherein an inner skin layer 1b formed of an Al-Zn alloy will
be disposed inside in contact with water. It will be under-
stood that it may suffice to clad the skin layer 1b onto
at least one surface of a core la, with another surface
thereof being clad with an outer skin layet, i.e., brazing
agent layer 1c which facilitates the brazing of the tubes
to £fin members 2. The members constituting the radiatof
in Fig. 1 have the following compositions. The core 1a of
tube 1 having a wall 0.18 mm thick is formed of an aluminum
alloy containing: 1 wt% of Mn; 0.6 wts of Fe; 0.2 wt% of
Si: and 0.13 wt% of Cu (the balance being Al). The inner “;
skin layer 1b is formed of another aluminum alloy containing
2.5 wts of Zn ( the balance being Al ), and the outer skin

layer 1c is formed of a "BA4343" alloy. Each fin member
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2 having a wall 0.07 mm thick is formed of an Al-Mn alloy
containing 0.01 - 0.1 wt% of In (i.e., indium), and more
particularly an alloy conta#ning 1 wt% of Mn and 0.05 wt%
Oof In is suitable for the fin member. Each header pipe 3
having a wall 1.6 mm thick is composed of: a core 3a formed
of an "A3003" alloy; an inner skin layer 3b formed of an
“a7072" alloy; and an outer skin layer 3c formed of a “Ba4045"
alloy. ‘

It will now be apparent that the clad material provided
.in the second is excelleat in corrosion resistancé due to
sacrificial corrosion effect of the the skin layers, in spite
of their small thickness of 30 jum or less. Such thin skin
layers are advantageous in that lighter clad sheet can be
manufactured at a lower manufactufe cost. This will in turn
contribute to produdtion of lighter, cheaper and more

corrosion resistant heat exchangers or other apparatuses.

THE PREFERRED EMBODIMENTS

# Examples of First Mode

Listed up on Table 1 are samples of the cores made of
Al-Mn alloys, and listed up on Table 2 are other samples
.of the cores made of Al-Mg-Si alloys. The former and latter
cores were clad with skin layers of such compositions as
given on Tables 1 and 2, respectively. Thickness of the
cores was set at 1 mm, with the thickness of the skin layers

being set at 20 pm, and the following.ﬁanufacture process

was employed.
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Raw core sheets 40 mm thick and slabs for forming the
skin layers were homogenized at 560 °C for 10 hours before
they were cut or shaved into thinner sheets having a.thickness
of 32 mm. Subsequent to heat treatment at 500 °C for 30
‘minutes, the thinned raw sheets for the cores ﬁére hot rolled
to become 10 mm thick, and those for the skin layers were
also hot rolled to become 0.2 mm thick. Then each core and
"each skin layer therefor were adjoined one to another to
form a raw clad sheet. After these raw clad sheets were
heated agéin'at 500 °C for 30 minutes, they were repeatedly
hot'rolled again until the thickness of each core became
2 mm, and successively cold rolled to give the core thickness
of 1 mm,

The finished clad sheets prepared in this manner were
subjected to a heating test which, as a simulation of the
brazing process, was carried out within an atmosphere of
nitrogen gas at 605 °C for 10 minutes.

Cross-sectional line test by "EPMA" was conducted for
each specimen of the clad sheets in order to inspect the
density of Zn atoms. Density gradient was utilized to
determine diffusion depth of Zn. In addition, Mg density
on the outer surfaces of the skin layers which were clad
onto the Al-Mg-Si cores was analyzed by "QL". Further, cor-
rosion test to determine the depth of corrosion was also | ;
performed for 250 hours according to ASTM D1384-87 method
using glass wares, wherein "OY" water (containing: 200

(cont'd to Page 19)
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Table 1
Composition Camwposition Depth of Maximum
| of Core (wt%) of Skin (wt%) Zn Diffu- Pin-hole

amples Mn Ti 2r Si Fe Cu Al Z2n Cu Al sion{im) Depth(um)

Inven-
tion
1 1.00.1 - - - - % 1.2 0.01 * 70 50 or less
2 1.0 - 0.1 - - - % 1.2 0.001 * 70 50 or less
3 1.00.2 - - - - * 2.4 0.02 * 100 20 or less
4 1.0 0.1 0..3. - - - * 5.0 0.05 * 150 20 or less
5 1.00.2 -~ 0.30.60.1 * 2,5 0.02 * 100 20 or less
6 1.0 - 0.2 0.3 0.6 0.1 * 5.0 0.05 * 150 20 or less
7 1.0 0.1 0.1 0.1 0.1 0.1 * 2.5 0.02 * 100 20 or less
8 1.0 0.2 0.2 0.1 0.1 0.7 * 5.0 0.05 * 150 20 or less
9 1.30.2 - 0.2 - - * 3,5 0.03 * 130 20 or less
1 1.0 - 0.3 - 0.3 - * 1,0 0.01 * 100 50 or less
11 0.70.1 - ~ -~ 0,15* 4,0 0,04 * 140 20 or less
Refer-
ence
12 1.0 = = - = = * 2.4 0.3 * 200 200 or more

Notes: (1) Cu in the skin layers is contained as an impurity component.

(2) The symbol * denotes the balance.
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Table 2
Composition Compos 'n Depth of Maxiﬁum
Samples _-__ of Core (wt%) *1 of Skin *2 2Zn Dif. [Mg] Pin-hole
. g Si Ti 2r Fe Cu Mn Zn Cu (um) (%) Depth(um)
Inven-
tion
1 0.20.20.1 - - - - 1.2 0.01 70 0.1 50 or less
2 0.30.1 - 0.1 - - - 1.2 0.01 70 0.2 50 or less
3 0.1 0.1'0.2 - - - - 2.4 0.02 100 0.1 20 or less
4 0.80.306.10.3 - - - 5.0 0.05 150 0.4 20 or less
5 1.00.20.2 - 0.6 0.1 1.0 2.5 0.02 100 0.7 20 or less
6 0.8 0.1 - 0.2 0.6 0.1 0.8 5.0 0.05‘ 150 0.5 20 or less
7 0.5 0.1 0.1 0.1 0.7 0.7 1.2 2.5 0;02 100 0.4 20 or less
8 0.30.10.20.,20,3 - - 5.0 0.05 150 0.1 20 or less
9 0.30.20.2 - - 0.15- 3.5 0.03 130 0.1 20 or less
10 0.1 0.1 - 0.3 - - 1.0 1.0 0.01 70 0.1 50 or less
11 0.5 0,2 0,3 - 0.1 - 0.8 3.0 0.03 130 0.2 20 or less
Refer-
ence

12 1.00.2 - =~ - = - 2.4 0.3 200 1.8 500 or more

Notes: (1) Cu in the skin layers is contained as an impurity component.
(2) "Compos'n of Skin" is an abbreviation of "Composition of .
Skin Layers"; "Dif." means "Diffusion"; and [Mg] means Mg N

concentration in the surface layer.

(3) *1 and *2 indicate that the the balance is aluminum.

18-
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(cont'd from Page 16)

ppm of C1l°’/ 60 ppm of 8042"{ 30 ppm of Fe3+ and 1 ppm of

Cu2+) was employed as a corrosive solution maintained at

- -

a temperature of 95 + 1 °C,
Results of those tests are given on Tables 1 and 2.

~ As shown on these Tables, the clad sheets manufactured
in accordance with the invention clearly showed aﬁsmaller‘
depth of Zn diffusion and a smaller value of maximum pin-hole
ccrrosion-depth,than~the prior art clad sheets. 1In other
"wOrds, theclad sheets of the invention have provcd excellent
- in their corrosion resistance. Besides, Mg-diffucion into

the skin layers was suppressed for the clad sheets comprising

the Al-Mg-Si cores.

# Examples of Second Mode

Table 3 gives the composition of the aluminum-allcy cores
and the skin layers respectively clad onto one surfaces there-
of, wherein the finished thickness of the cores and skin
layers are 1 mm and 20 pm, respectively. Samples denoted
by Nos. 38 and 39 are naked cores comprising no skin layer.

Manufacture conditions were as follows. Raw core sheets

40 mm thick and slabs for the skin layers were homogenized

at 560 °C for 10 hours before cut or shaved into thinner

- sheets having a thickness of 32 mm. Subsequent to heat

treatment at 500 °C for 30 minutes, the thinned raw sheets

for the cores were hot rolled to become 10 mm thick, and

-19-
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those for the Skip layers were also hot rolled to become

0.2 mm thick. Then each core and each skin layer were
adjoined one to another to form a raw clad sheet. After
the raw clad sheets were heated again at 500 °C for 30
minutes, they were repeatedly hot rolled until'Ehe'thickness
of each core became 2 mm, and successively cold rolled to
give the core 1 mm thick.

The thus finished clad sheets were thereafter subjected

to a heating test which, as a simulation of the brazing ,

'“"prOCeSS' was carried out in N2 gas at 605 °C for 10 minuteSQ

Corrosion test to determine the depth of corrosion was

also performed for 250 hours according‘to ASTM D1384-87 method
using glass wares, wherein "“"OY" water (containing:.zoo ppm
of Cl™’ 60 ppm of 8042-, 30 ppm of Fe3* and 1 ppm bf Cu2+)
was émployed as a corrosive solution maintained at a
temperature of 95 ¢ 1 °C,

Results of those tests are given on Table 3.

As shown on this Table, the clad sheets manufactured
in accordance with the invention clearly showed a smaller
value of maximum pin-hole corrosion depth than the prioi

art clad sheets. In other words, the clad sheets of the

invention have proved excellent in their corrosion resist-

- ance,
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Table 3

Composition | Cc:tﬁposition Maximum

of Core (wt%) of Skin (wt$%) Pin-hole

amples Mn Si Fe Cu Al Zn Mg Cu Al Depth(Um
S Inv. 21 1.0 0.3 0.6 0.1  * 2.5 - - * 50 or less

22 1.0 0.3 0.6 0.1 * 50 - - * 50o0r less

23 1.0 0.1 0.1 0.1 * 2,5 - - * 50 or less
24 1.0 0.1 0.050.1 * 50 - - * 50 or less
25 0;8 - = - * 1.7 - - % 50 o less
26 1.2 - - - * 3.0 - 0.03 * 50 or less
27 1.3 0.2 - - * 3,5 - 0.03 * 50 or less
28 1.0 - 0.3 - % 2.0 - 0.02 * 50 or less
29 0.7 - - 0.15 * 4.0 - 0.04 * 50 or less
30 1.0 - - - * 2.5 0.5 0.02 * 50 or less
31 1.0 0.3 - - * 4.0 0.6 0.04 * 50 or less
322 1.0 - 0.1 .- * 3.0 0.8 0.03 * 50 or less
33 1.2 - - 0.1 % 2.5 0.5 0.02 * 50 or less

34 1.0 0.3 0.1 0.1 * 2.5 0.4 0.02 * 50 or less

MW

Ref. 35 1.0 0.3 0.6 0.1 * 1.0 — 0.05 * 200 or more
36 1.0 0.1 0.1 0.1 * 0.5 - - * 300 or more
37 1.0 0.3 0.6 0.1 * 2.5 - 0,30 * 300 or more

38 1.0 0.3 0.6 0.1 * ( no skin.;ayer ) * 700 or more

39 1.0 0.1 0.1 0.1 * ( no skin layer ) * 700 or more

Notes: (1) Cu in the skin layers is contained as an impurity component.

(2) The symbol * denotes the balance.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A corrosion-resistant clad material made of aluminum
alloys, the clad material comprising:

a core formed of an Al-Mn alloy containing 0.5 to 1.5% by
weight of Mn, 0.05 to 0.3% by weight of Ti, and optionally
0.05 to 0.4% by weight of Zr; and

a skin layer clad onto at least one surface of the core,

and formed of an Al-Zn alloy.

2. The corrosion-resistant clad material made of aluminum
alloys as defined in claim 1, wherein the Mn content in the
alloy forming the core falls within a range of 0.7 to 1.2%
by weight, and the content of Ti in the alloy forming the

core falls within a range of 0.07 to 0.15% by weight.

3. The corrosion-resistant clad material made of aluminum
alloys as defined in claim 1 or 2, wherein the alloy
forming the skin layer contains 0.8 to 5.0% by weight of

2.

4 . The corrosion-resistant clad material made of aluminum
alloys as defined in claim 3, wherein the alloy forming the

skin layer contains 2 to 4% by weight of Zn.

5. The corrosion-resistant clad material made of aluminum

alloys as defined in any one of claims 1 to 4, wherein the
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alloy forming the core further contains at least one of

0.03 to 1.0% by weight of Fe and 0.05 to 0.2% by weight orf

Cu.

6. A corrosion-resistant clad material made of aluminum
alloys as defined in any one of claims 1 to 5, wherein the
content of Zr in the alloy forming the core falls within a

range of 0.07 to 0.15% by weight.

7. A corrosion-resistant clad material made of aluminum

alloys, the clad material comprising:

a core formed of an Al-Mn alloy containing 0.5 to 1.5% by

weight of Mn; and

a skin layer clad onto at least one surface of the core
and formed of an aluminum alloy containing 1.3 to 5.0% by
weight of Zn, and the balance aluminum and unavoidable
impurities, wherein Cu content as one of the impurities is

0.05% by weight or less, and the skin layer has a thickness

of 30 um or less.

8 . A corrosion-resistant clad material made of aluminum

alloys as defined in claim 7, wherein the Mn content in the

alloy forming the core falls within a range of 0.7 to 1.2%

by weilght.

9. A corrosion-resistant clad material made of aluminum

alloys as defined in claim 7 or 8, wherein the alloy

-23 -
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forming the skin layer contains 2 to 4% by weight of Zn,

and the Cu content is 0.01% by weight or less.

10. A corrosion-resistant clad material made of aluminum
alloys as defined in claim 7, 8, or 9, wherein the alloy
forming the core further contains at least one of 0.05 to
0.3% by weight of Si, 0.03 to 1.0% by weight of Fe, and

0.05 to 0.2% by weight of Cu.

11. A corrosion-resistant clad material made of aluminum
alloys, the clad material comprising:

3 core formed of an Al-Mn alloy containing 0.5 to 1.5% by

weight of Mn; and

a skin layer clad onto at least one surface of the core
and formed of an aluminum alloy containing 1.3 to 5.0% by
weight of Zn, 0.2 to 1.0% by weight of Mg, and a balance of
aluminum and unavoidable impurities, wherein Cu content as
one of the impurities is 0.05% by weight or less, and the

skin layer has a thickness of 30 um or less.

12. A corrosion-resistant clad material made of aluminum
alloys as defined in claim 11, wherein the Mn content in

the alloy forming the core falls within a range of 0.7 to

1.2% by weight.

13. A corrosion-resistant clad material made of aluminum
alloys as defined in claim 11 or 12, wherein the alloy

forming the skin layer contains 2 to 4% by weight of Zn,
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0.3 to 0.8% by weight of Mg, and the Cu content is 0.01% by

weight or less.

14. A corrosion-resistant clad material made of aluminum
alloys as defined in claim 11, 12, or 13, wherein the alloy
forming the core further contains at least one of 0.05 to
0.3% by weight of Si, 0.03 to 1.0% by weight of Fe, and

0.05 to 0.2% by weight of Cu.

15. A corrosion-resistant clad material made of aluminum
alloys, the clad material comprising:

a core formed of an Al-Mn alloy containing from 0.7 to
1.5% by weight of Mn to give said core and the clad
material high mechanical strength, ease of processing and
corrosion resistance, and at least one additional component
which is selected from the group consisting of 0.05 to 0.3%
by weight of Ti and 0.05 to 0.4% by weight of Zr; and

a skin layer clad onto at least one surface of the core
and formed of an Al-Zn alloy, said Al-Zn alloy containing
1.3 to 5.0% by weight of Zn, and the balance aluminum and
unavoidable impurities, one of said impurities being Cu

having a content of 0.5% by weight or less, and the skin

layer has a thickness of 30 pum or less.

16. A corrosion-resistant clad material made of aluminum

alloys, the clad material comprising:
a core formed of an aluminum alloy containing 0.5 to 1.5%

by weight of Mn, and optionally at least one of 0.05 to

-25-.




CA 02056031 2001-11-16

0.3% by weight of S8i, 0.03 to 1.0% by weight of Fe, and

0.05 to 0.2% by weight of Cu, and a balance of aluminum and

unavoidable impurities; and

a skin layer clad onto at least one surface of the core
and formed of an aluminum alloy containing 1.3 to 5.0% by
weight of Zn, and optionally 0.2 to 1.0% by weight of Mg,
and a balance of aluminum and unavoidable impurities,
wherein the Cu content as one of the impurities in the skin

layer is 0.05% by weight or less, and the skin layer has a

thickness of 30 um or less.

17. A corrosion-resistant clad material according to claim

16, wherein the Mn content in the core falls within a range

of 0.7 to 1.2% by weight.

18. A corrosion-resistant clad material according to claim
16 or 17, wherein the alloy forming the skin layer contains

2 to 4% by weight of Zn, and the Cu content is 0.01% by

weight or less.

19. A corrosion-resistant clad material according to claim
16, 17, or 18, wherein the alloy forming the skin layer
contains 2 to 4% by weight of Zn, 0.3 to 0.8% by weight of

Mg, and the Cu content is 0.01% by weight or less.
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