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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an aluminium alloy brazing sheet product comprising a thin covering material
layer, a core material layer, and further an Al-Si alloy brazing material layer as an intermediate material interposed
between the thin covering material and the core material. The thin covering material and the core material are comprised
of aluminium alloys having a solidus temperature higher than a liquidus temperature of the brazing material so that the
molten brazing material during a subsequent brazing operation at a temperature between said liquidus temperature and
said solidus temperature is to cause said Al-Si alloy brazing material layer to melt down while keeping said thin covering
material layer solid to present oxidation of the brazing material being melted, and then cause the Al-Si alloy brazing
material to, due to volumetric expansion, seep through segregation portions of said thin covering material layer onto a
surface of said thin covering material layer and spread over the surface of said thin covering material to form an emerging
surface resulting in a brazed joint.

[0002] The invention further relates to a brazed assembly manufactured in a brazing operation, the brazed assembly
comprising various components and atleast one componentbeing made from the aluminium alloy brazing sheet according
to this invention.

BACKGROUND TO THE INVENTION

[0003] As will be appreciated herein below, except as otherwise indicated, alloy designations and temper designations
refer to the Aluminum Association designations in Aluminum Standards and Data and the Registration Records, as
published by the Aluminum Association in 2007 as well known to the skilled person.

[0004] For any description of alloy compositions or preferred alloy compositions, all references to percentages are by
weight percent unless otherwise indicated.

[0005] Substrates of aluminium or aluminium alloy in the form of sheet or extrusion, are used to make shaped or
formed products. In some of these processes parts of (shaped) aluminium comprising substrates are interconnected.
One end of a substrate may be interconnected with the other end, or one substrate may be assembled with one or more
other substrates. This is commonly done by brazing. In a brazing process, a brazing filler metal or brazing alloy, or a
composition producing a brazing alloy upon heating, is applied to at least one portion of the substrate to be brazed. After
the substrate parts are assembled, they are heated until the brazing metal or brazing alloy melts. The melting point of
the brazing material is lower than the melting point of the aluminium comprising substrate(s).

[0006] Brazing, by definition, employs a filler metal, also referred to as a brazing alloy, having a liquidus above 450°C
and below the solidus of the base metal. Brazing is distinguished from soldering by the melting point of the filler metal:
solders melt below 450°C.

[0007] Brazing sheet products find wide applications in heat exchangers and other similar equipment. Conventional
brazing products have a core of rolled sheet, typically, but not exclusively an aluminium alloy of the AA3000-series,
having on at least one surface of the core sheet an aluminium clad layer (also known as an aluminium cladding layer).
The aluminium clad layer is made of an AA4000-series alloy comprising silicon in an amount in the range of 2 to 18%
by weight, and preferably in the range of 7 to 14% by weight. The aluminium clad layer may be coupled to the core alloy
in various ways known in the art, for example by means of roll bonding, cladding spray-forming or semi-continuous or
continuous casting processes. These aluminium clad layers have a liquidus temperature typically in the range of 540 to
610°C.

[0008] There are various brazing processes in use for the industrial scale manufacturing of heat exchangers.

[0009] There is vacuum brazing ("VB") which is carried out at relatively low atmosphere pressure in the order of about
1.105 mbar or less. To obtain the optimum conditions for joining to take place, alloys commonly used for vacuum brazing
contain purposive additions of Mg of 1% or more. The Mg destroys the hard oxide film of the filler alloy when it evaporates
from the brazing sheet during brazing, and further the evaporated Mg plays the role as getter that removes oxygen and
moisture remaining in the brazing furnace.

[0010] Another brazing process is controlled atmosphere brazing ("CAB") which is carried out in a dry no oxygen
containing atmosphere, preferably using the inert environment of nitrogen, but for example also argon can be used. To
facilitate brazing a non-corrosive brazing flux is applied prior to brazing on the pieces to be joined. This brazing flux
removes or at least brakes open during the brazing operation the always present oxide layer to allow the molten filler to
come into contact with bare metal to form the joint. The aluminium alloys used for CAB should be free of Mg because
any Mg is inhibiting the brazing flux action in removing the oxide layer.

[0011] Another brazing process is CAB without using a brazing flux, and this process is in particular being used for
joining by means of brazing of surfaces inside a heat exchanger with are very difficult to flux. In European application
EP-1430988 it is disclosed that for such a process of CAB without using a brazing flux that the brazing sheet product
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used contains Mg at least in a layer constituting the brazing sheet other than the filler alloy layer, typically the core alloy
contains Mg in a range of 0.05 to 1.0 wt.%. Interposed between the core alloy and the filler alloy and diffusion prevention
layer is present, such an a Mg-free AA3003-series aluminium alloy. More specifically, the brazing sheet has an aluminium
core alloy clad on one or both sides with Al-Si based filler alloy, and has a cladding thickness "a" (um) of the filler alloy
applied on the inside of a hollow structure, a Mg content X (wt.%) of the core material, and a Mg-content Y (in wt.%) of
the filler alloy to satisfy relationships of (X+Y)<a/60+0.5 and X>Y, with preferred stricter ranges.

[0012] European patent no. EP-1306207-B1 discloses another fluxless brazing process in an inert gas atmosphere
containing a very low oxygen content of up to 1000 ppm, and preferably up to 500 ppm. Furthermore there is disclosed
a brazing sheet product comprising of an aluminium core alloy on one or both sides clad with an Al-Si alloy brazing alloy
containing 0.1 to 5% of Mg and 0.01 to 0.5% of Bi as an intermediate layer, and a thin covering material clad onto the
Al-Si alloy brazing alloy. It is disclosed that during a brazing operation the brazing material in the intermediate layer is
molten as the temperature is elevated during brazing, but oxidation of the surface of the brazing material does not occur
because the surface is covered with the thin covering material which remains solid. When the temperature is further
elevated, the portions with lower melting points, such as a segregation portion of the thin covering material close to the
molten brazing material, are locally molten, and then the brazing material seeps and spreads over the surface of the
thin covering material due to volumetric expansion. The surface of the brazing material then becomes an emerging face
without an oxidation film, and new intensive oxidation does not proceed due to the inert gas atmosphere. Gradually also
the thin covering layer melts also in whole or in part. It is mentioned further, that because no thick oxidation film exists,
the molten brazing material wettingly spreads even in the absence of brazing flux and Mg. Sufficient amounts of Mg and
Bi within the claimed ranges should be used as they are said to consume oxygen in a proximal atmosphere and prevent
oxidation of the surface of the molten brazing and the molten thin covering material. EP-1430988-A1 relates to a method
of brazing aluminium or aluminium alloy materials and an aluminium alloy brazing sheet that are preferable for forming
coolant paths of aluminium alloy heat exchangers for automobile and various industrial uses. Specifically, this document
relates to a method of brazing without coating the inside of the tube with flux. Also, this document relates to an aluminium
alloy brazing sheet that enables a brazing joint for the inside of a hollow structure without using flux in an inert gas
atmosphere (for example nitrogen etc.).

EP-1306207-A1 relates to an aluminium alloy brazing sheet capable of fluxless jointin an inert gas atmosphere, a brazing
process using the same, and a brazed product using the same.

[0013] There is a need for further improved brazing sheet and brazing processes by which the interior side of an
assembly has not to be provided with a brazing flux.

SUMMARY OF THE INVENTION

[0014] Itis an objectofthe invention to provide an alternative aluminium alloy brazing sheet product that can be applied
in a controlled atmosphere fluxless brazing process.

[0015] It is another object of the invention to provide an aluminium alloy brazing sheet product that can be applied in
a controlled atmosphere fluxless brazing process as well as in a controlled atmosphere brazing process with a brazing flux.
[0016] These and other objects and further advantages are met or exceeded by the present invention providing an
aluminium alloy brazing sheet product comprising: a thin covering material layer which is Mg free, a core material layer,
and an Al-Si alloy brazing material layer as an intermediate material interposed between said covering aluminium material
layer and said core material layer, wherein said thin covering material layer and said core material layer being comprised
of aluminium alloys having a solidus temperature higher than a liquidus temperature of said brazing material so that the
molten brazing material seeps onto a surface of said thin covering material when said brazing material is molten in a
brazing operation, and wherein said Al-Si alloy brazing material layer contains Si in a range of 5 to 16.5%, Fe up to
0.8%, Tiin arange of 0.2%, from 0.02 to 0.08% Mg, and more preferably about 0.02 to 0.06%, and further Bi in a range
of 0.01 to 0.1%, and wherein the aluminium alloy brazing sheet has a total Mg-content of less than 0.04%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figs. 1A, 1B and 1C illustrate typical arrangements of the aluminium alloy brazing sheet product according to
the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0018] As stated above, the present invention provides an aluminium alloy brazing sheet product comprising: a thin
covering material layer which is Mg-free, a core material layer, and an Al-Si alloy brazing material layer as an intermediate
material interposed between said thin covering material layer and said core material layer, wherein said thin covering
material and said core material being comprised of aluminium alloys having a solidus temperature higher than a liquidus
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temperature of said brazing material so that the molten brazing material seeps onto a surface of said thin covering
material when said brazing material is molten in a brazing operation, and wherein said thin covering material layer is an
Mg-free aluminium alloy comprising, in wt.%, Fe 0to 0.5, Si0Ot0 4.0, Mn 0to 1.0 Cu0to 0.5,Zn 0to 0.25, Ti 0 to 0.1,
inevitable impurities, each <0.05, total <0.15, balance aluminium, wherein said core material layer is an aluminium alloy
comprising, in wt.%: Mn 0.5t02.0,Cu0to1.2,Fe0to1.0,Si0to1.0,Bi0Oto 0.1, Ti 0 to 0.1, Mg O to 0.03, inevitable
impurities, each <0.05, total <0.2, balance aluminium, said Al-Si alloy brazing material layer contains Si in a range of 5
to 16.5%, Fe up to about 0.8%, Ti in arange of up to 0.2%, from 0.01 to 0.09% Mg, and preferably about 0.02 to 0.06%,
and further Bi in a range of 0.01 to 0.1%, unavoidable impurities and aluminium, wherein the thickness ratio of the Al-
Si alloy brazing sheet and the thin covering layer is 4 or more to 1, wherein in the Al-Si brazing material layer the excess
Mg content with respect to the stoichiometric composition of Bi;Mgs is 0.07% or less, and wherein the aluminium alloy
brazing sheet has a total Mg-content of less than 0.04%.

[0019] It is important for the invention that the total amount of Mg in the aluminium alloy brazing sheet product, thus
the sum of the Mg in the core alloy layer and the Al-Si alloy brazing material layer and the covering material layer, is
being controlled such that it does not exceed about 0.04%, and preferably is less than about 0.03%. At present the
quality and control mechanisms when producing aluminium brazing sheet allow for the target and the control of Mg
within an accuracy of £0.01 % or better.

[0020] In accordance with the invention it has been found that by the purposive addition of Mg to the AISi brazing
material and careful control of the overall Mg-content in the aluminium alloy brazing sheet product, the brazing sheet
product can be used successfully in a controlled atmosphere brazing process without the use of a brazing flux. As a
result this brazing sheet product according to this invention is a very attractive candidate for application in brazed
assemblies having one or more inner surfaces which are difficult to flux. Surprisingly, it has been found, despite the use
of Mg additions which are normally not desirable for the flux brazing processes such as NOCOLOK (trademark), that
the brazing sheet product according to this invention can be brazed in a controlled atmosphere brazing process while
applying a brazing flux. This makes the brazing sheet product a very attractive candidate for the production of for example
brazed oil coolers. Oil coolers are commonly built up from plates which have to braze internally and externally. Due to
the long brazing cycle it is necessary to flux the outside of the oil cooler to facilitate brazing. Long brazing cycles would
give otherwise excessive oxidation even in a controlled atmosphere environment, thereby reducing the capability to form
reliable joints. The applied brazing flux reduces significantly the degree of oxidation. Also, with the brazing sheet product
according to this invention good brazed joint are obtained at inner surfaces without the requirement of applying a brazing
flux.

[0021] The aluminium alloy brazing sheet product according to the invention has a typical thickness in the range of
about 0.05 to 4 mm.

[0022] Inthe aluminium alloy brazing material used in the invention and interposed between the thin covering material
layer and the core material layer, the amount of Si is selected in a conventional manner, to provide the desired brazing
properties of the alloy. The Si content is in a range of 5 to 16.5%, and preferably in a range of 5 to 14%.

[0023] The amount of Fe present in the brazing material depends primarily on the origin of the alloy material and can
be up to about 0.8%, and preferably is not more than about 0.6%. As grain refiner element Ti can be present in the
brazing material in a range of up to 0.2%, preferably up to 0.15%. The balance is made by unavoidable impurities and
aluminium.

[0024] In an embodiment Mn can be present in the brazing material layer in the range of about 0.2 to 0.8% to improve
on the corrosion resistance of the brazing sheet product. At alevel below 0.2% the effect of improved corrosion resistance
by the Mn addition is not found. Preferably the amount of Mn is at least 0.3% to provide improved corrosion resistance.
With a view to the properties of the alloy, the amount of Mn should be not more than 1.0%, and a preferred maximum
is 0.8%, since above this level the improved corrosion resistance may be less. In the embodimentwhere Mn is purposively
added it is preferred that the Mn/Fe ratio in weight percent is at least 1, preferably at least 2.

[0025] The Al-Sialloy brazing material layer further contains the element Bi in a range of about 0.01 to 0.1%, as being
the most efficient wetting element for this purpose in this alloy system during a brazing operation.

[0026] Since Biis added to the brazing material layer it is preferred that excess Mg content with respect to stoichiometric
composition of Bi;Mg3 is 0.07% or less, and preferably 0.05% or less. It has been found that Bi has a low solubility in
aluminium and tends to separate out at the grain boundaries even when added at low levels of for example 0.1%. To
overcome this a small amount of Mg will form Bi,Mg; which stops separation at the grain boundaries. This Bi,Mgs phase
will however dissolve in the silicon clad alloy at melting of the brazing material releasing the Bi to lower the surface
tension of the molten filler.

[0027] In an embodiment the Al-Si alloy brazing material layer further contains one or more elements selected from
the group consisting of 0.1 to 5% of Zn, 0.01 to 0.5% of In, and 0.01 to 0.5% of Sn. These alloying elements improve
the corrosion resistance of the core material by making the brazing material more sacrificial with respect to the core
material. When the amount is less than the lower limit the sacrificial anode effect is not sufficient to produce the sacrificial
anode effect, and when more than the upper limitis present it does not provide any further improvement on the corrosion
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resistance, whereas the alloy is more difficult to manufacture.

[0028] The core alloy layer can be any aluminium alloy used for core alloy in brazing sheet, wherein the Mg-content
is being controlled such that it is not more than about 0.03%, and more preferably not more than about 0.015%. The
core alloy layer is an aluminium alloy containing not more than about 0.03% Mg.

[0029] The core alloy layer is an aluminium alloy comprising, in wt.%:

Mn 05t02.0

Cu Oto1.2

Fe Oto 1.0

Si 0Oto 1.0

Bi 0to 0.1

Ti 0to 0.1

Mg 010 0.03, preferably 0to 0.015,

inevitable impurities, each <0.05, total <0.2,

balance aluminium.

[0030] Inthe brazing sheet product according to the invention the covering aluminium material layer is a thin covering
material layer which is Mg-free, and the Al-Si alloy brazing material layer as an intermediate material is interposed
between said thin covering material layer and said core material layer, and wherein said thin covering material layer and
said core material layer comprised of aluminium alloys each have a solidus temperature higherthan a liquidus temperature
of said Al-Si alloy brazing material so that the molten brazing material during a subsequent brazing operation at a
temperature between the liquidus temperature and the solidus temperature is to cause the Al-Si alloy brazing material
layer to melt down while keeping the thin covering material layer solid to prevent oxidation of the brazing material being
melted, and then cause the AI-Si alloy brazing material to, due to volumetric expansion, seep through segregation
portions of the thin covering material layer onto a surface of the thin covering material layer and spread over the surface
of the thin covering material to form an emerging surface resulting in a brazed joint.

[0031] The aluminium alloys having a solidus temperature higher than a liquidus temperature of the brazing material
are used for the thin covering material and the core material. The temperature at which the brazing operation is carried
out while using the brazing sheet product of this invention should be one at which the brazing material melts but the
covering material alone does not, namely, a temperature higher than a liquidus temperature of the brazing material but
lower than a solidus temperature of the thin covering material, normally in arange of about 540°C to 610°C, and preferably
in a range of about 560°C to 605°C.

[0032] The thin covering material layer is an aluminium alloy being Mg-free to avoid the formation of an oxide layer
during a brazing operation. In practical terms this would mean that Mg is present at a very low level of an impurity or
incidental element, typically <0.05%, and ideally at a level of <0.01%, and preferably <0.007%. More preferably the
aluminium alloy is substantially free of Mg. With "substantially free" is meant that no purposeful addition of Mg was made
to the chemical composition but that due to impurities and/or leaking from contact with manufacturing equipment, trace
quantities of Mg may nevertheless find their way into the aluminium alloy product.

[0033] The thin covering material layer is an Mg-free aluminium alloy comprising, in wet.%,

Fe Oto 05

Si 0to 4.0, preferably 0to 1.0,
Mn Oto1.0

Cu Oto 05

Zn 0to 0.25

Ti 0to 0.1

inevitable impurities, each <0.05, total <0.15,

balance aluminium.

[0034] In another embodiment the thin covering material layer is an Mg-free aluminium alloy having a composition
within the range of AA1000-series aluminium alloys, and preferably an aluminium alloy selected from the group comprising
AA1050, AA1070, AA1100, AA1145, and AA1230.

[0035] In an embodiment the thin covering material layer has a thickness which is about 0.1 to 10% of the entire
thickness of the aluminium alloy brazing sheet, and the Al-Si alloy brazing material layer has a thickness which is about
5 to 30% of the entire thickness of the aluminium alloy brazing sheet.

[0036] Also, the thickness ratio of the Al-Si alloy brazing material layer and the thin covering material layer is 4 or
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more : 1, for example the thickness ratio is 4:1 or about 5:1.

[0037] In a further aspect of the invention there is provided a brazed assembly of components, for example a heat-
exchanger, incorporating at least the aluminium alloy brazing sheet according to this invention as one of the components.
A typical example of a heat-exchanger benefiting for the aluminium alloy brazing sheet according to this invention is an
oil cooler.

[0038] In another aspect of the invention there is provided a method of manufacturing an assembly of brazed compo-
nents, comprising the steps of:

(a) forming the components of which at least one is made from an aluminium alloy brazing sheet as set out above;
(b) assembling the components into an assembly;

(c) brazing the assembly without applying flux in an inert gas atmosphere at a brazing temperature for a period long
enough for melting and spreading of the filler material;

(d) cooling the brazed assembly, typically to below 100°C.

[0039] Ideally, when assembling the components into an assembly suitable for joining by brazing, one side of the
brazing sheet of the invention having the thin covering material layer is being kept inside the assembly forming the
brazing sheet to constitute a hollow structure. While using the brazing sheet product according to this invention there is
no need to apply a flux in order to obtain a good joint with the brazing operation.

[0040] In another aspect of the invention there is provided a method of manufacturing an assembly of brazed compo-
nents, comprising the steps of:

(a) forming the components of which at least one is made from an aluminium alloy brazing sheet as set out above;
(b) assembling the components into an assembly, and wherein one side of the brazing sheet of the invention having
the thin covering material layer is being kept inside the assembly forming the brazing sheet to constitute a hollow
structure;

(c) brazing the assembly without applying flux in the hollow structure and applying a flux on at least part of the
outside of the assembly of components and brazing the whole assembly in an inert gas atmosphere at a brazing
temperature for a period long enough for melting and spreading of the filler material,

(e) cooling the brazed assembly, typically to below 100°C.

[0041] The invention will now be illustrated with reference to non-limiting figures and embodiments according to the
invention.

[0042] Typical arrangements of the aluminium alloy brazing sheet product according to the invention are illustrated in
Figs. 1A, 1B and 1C.

[0043] The covering material layer (2) and the intermediate brazing material layer (1) can be applied on both sides of
or on one side of the core material layer (3). When both sides are clad, the brazing sheet product comprises five layers
including the core alloy layer as shown in Fig. 1A. When one side is clad with the brazing material, the brazing sheet
product comprises a three layer configuration as shown in Fig. 1B.

[0044] In another embodiment, when one side is clad with the brazing material, on the other side of the core material
an outerlayer (5) can be applied as shown in Fig. 1C. The outerlayer or outerliner would generally be of an alloy tailored
to provide high corrosion resistance or even corrosion combined with erosion resistance in the environment to which
that face of the sheet is exposed. An example of a suitable outerliner would be an aluminium alloy having a purposive
addition of Zn, such as for example an AA7072-series alloy.

[0045] In another embodiment, a further aluminium alloy layer can be interposed between the core alloy layer (3) and
the intermediate brazing material layer (1). For example such a further aluminium alloy layer may be applied for example
to limit diffusion of alloying element from the core layer to the brazing layer, or to further improve on the corrosion
performance of the brazing sheet product.

Example 1.

[0046] Core sheet of 45 mm has been produced from small ingots which have been pre-heated at 430°C and then
hot rolled to 45 mm. Brazing material sheet has been produced from small ingots which have been pre-heated to 430°C
and hot rolled to 5 mm, and then cold rolled to 4 mm. Also, thin covering material has been produced from small ingots
which have been pre-heated to 430°C and then hot rolled, and then cold rolled to 1 mm.

[0047] Three layer brazing sheet products having the configuration of Fig. 1B have been manufactured by placing on
a 45 mm core sheet a 4 mm layer of brazing material and onto the brazing material a thin covering material of 1 mm.
The 50 mm thick product was then for 3 hours pre-heated at 430°C, then hot rolled to 3 mm and then cold rolled to 1
mm. The 1 mm brazing sheet product was annealed for 2 hours at 350°C and thereafter the brazeability was assessed.
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[0048] Using the procedure set out above various brazing sheet products have been manufactured using variable
chemical combinations of the core alloy and the brazing material. The alloy composition of the various layer are listed
in Table 1 and the combinations of the brazing sheet products are listed in Table 2.

[0049] The brazeability of the brazing sheet products have been assessed on a laboratory scale of testing in a small
quartz furnace. Small coupons of 25 mm x 25 mm were cut from the brazing sheet products. A small strip of an AA3003
alloy measuring 30 mm x 7 mm x 1 mm was bent in the centre to an angle of 45° and laid on the coupons. The strip on
the coupon samples were heated under flowing nitrogen, with heating from room temperature to 590°C, dwell time at
590°C for 1 minute, cooling from 590°C to room temperature. The brazed samples were assessed for the amount of
fillet formed at the periphery of the AA3003 in contact with the brazing sheet products and expressed in %, for example
if no fillet was formed then the amount of fillet is 0%, and when a fillet is formed around the whole periphery the amount
of fillet is 100%. The results are listed in Table 2.

Table 1. Chemical composition of the various layers tested, balance is aluminium and unavoidable impurities.
Layer no. Type of layer Alloying element, in wt.%
Fe Si Mg Cu Mn Bi Ti

A Thin covering material 0.3 0.5 - - - - -
B1 Core material 0.4 0.55 - 0.7 12 - -
B2 Core material (comparative) 0.25 0.1 0.2 05 1.0 - -
Cc1 Brazing material (comparative) 0.3 12.7 - - - - -
Cc2 Brazing material (comparative) 0.3 12.7 0.10 - - - -
C3 Brazing material 0.3 12.7 0.08 - - 0.09 -
C4 Brazing material 0.3 12.7 0.08 - - 0.09 0.1

Table 2. Brazeability test in controlled atmosphere without using a flux and expressed as the amount of fillet (in %)
formed between the brazing sheet and an AA3003 strip.
Sample Combination of layers Fillet formation
1 (comparative) C1/B2 0%
2 (comparative) A/C1/B2 25%
3 (comparative) A/C2/B2 30%
4 (comparative) C3/B2 5%
5 (comparative) A/C3/B2 100%
6 (comparative) A/C4/B2 85%
7 (comparative) A/C1/B1 0%
8 (comparative) A/C2/B1 25%
9 A/C3/B1 85%
10 A/ C4/B1 50%

[0050] From the results of Table 2 it can be seen that if there is no top layer on the brazing material (Comparative
Sample 1) there is no formation of a fillet under controlled atmosphere condition when no flux is applied. Applying a thin
covering layer improves brazeability (Comparative Sample 2).

[0051] The results of Comparative Sample 7 show that if no Mg present in the brazing sheet product there is also no
formation of a fillet under controlled atmosphere condition when no flux is applied. Some addition of Mg in the Si clad
(Al-Si alloy brazing material cladding) in combination with a thin covering clad (thin covering cladding) further improves
brazeability (Comparative Samples 3 and 8). However, the Mg content in the brazing material should not be too high if
one is to obtain a good fillet formation (Comparative Samples 3 and 8). Further improved results are obtained when the
Si clad contains in combination Bi and Mg in the claimed range together with a thin covering layer (Comparative Sample
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5 and Sample 9).
[0052] Addition of Ti made brazeability less compared to the non-Ti containing clad alloys (Comparative Sample 6
and Sample 10). However, Ti may be added to improve on the corrosion resistance of the brazing sheet product.

Example 2.

[0053] 1 mm brazing sheet products similar to Comparative Sample 5 and Sample 9 of Example 1 have been shaped
and applied in an assembly of components forming an oil cooler. This oil cooler was built up from plates which have to
braze both internally and also externally. Due to the long brazing cycle it was necessary to flux the outside of the oil
cooler to facilitate brazing by avoiding excessive oxidation, whereas the inner surfaces of the oil cooler had not been
fluxed. The oil coolers had been brazed in an industrial scale controlled atmosphere brazing furnace.

[0054] From observations it became clear that Sample 9 according to the invention gave the best overall results. The
non fluxed inner surfaces and fluxed outside surfaces showed nice round fillets which will provide amongst others a
better fatigue resistance. Whereas the brazing sheet with substantial amounts of Mg in the core (Comparative Sample
5) did braze very well at the inner surfaces but was not compatible with flux resulting in poor fillet formation. The fluxed
outer surfaces should an undesirable interaction with the Mg originating from the Mg in the brazing material and Mg
originating from the core.

Example 3.

[0055] In a further series of experiments the brazing sheet Sample 9 according to the invention of Table 2 in Example
1 has been manufactured but with a variation in the Fe-content of the brazing material, namely Fe-contents of 0.1%,
0.2% and 0.3% have been manufactured and tested in one and the same brazing cycle.

[0056] It has been found that number of FeMnSiAl-type particles in the fillet increases with increasing Fe content.
However, the size and shape of the fillet itself is not influenced by the Fe-concentration. Nor has an influence been found
on the formation of the fillet itself.

Claims

1. An aluminium alloy brazing sheet (4) comprising: a thin covering material layer (2), a core material layer (3), and
an Al-Si alloy brazing material layer (1) as an intermediate material interposed between said thin covering material
and said core material, said thin covering material and said core material being comprised of aluminium alloys having
a solidus temperature higher than a liquidus temperature of said brazing material so that the molten brazing material
seeps onto a surface of said thin covering material when said brazing material is molten in a brazing operation, and
wherein wherein said thin covering material layer (2) is an Mg-free aluminium alloy comprising, in wt.%: Fe 0 to 0.5,
Si0to4.0,Mn0to 1.0, Cu0to 0.5, Zn0to 0.25, Ti0to 0.1, inevitable impurities, each <0.05, total <0.15, balance
aluminium, wherein said core material layer (3) is an aluminium alloy comprising, in wt.%: Mn 0.5 to 2.0, Cu 0 to
12,Fe0to 1.0, Si0Oto 1.0,Bi 0to 0.1, Ti 0 to 0.1, Mg up to 0.03, inevitable impurities, each <0.05, total <0.2,
balance aluminium, said Al-Si alloy brazing material (1) contains Siin a range of 5 to 16.5%, Fe up to 0.8%, Tiin a
range of up to 0.2%, from 0.02 to 0.08% Mg and further Bi in a range of 0.01 to 0.1%, unavoidable impurities and
aluminium, wherein the thickness ratio of the Al-Si alloy brazing material layer (1) and the thin covering material (2)
is 4 or more to 1, wherein in the Al-Si alloy brazing material layer the excess Mg content with respect to stoichiometric
composition of Bi,Mgs is 0.07% or less, and wherein the aluminium alloy brazing sheet (4) has a total Mg-content
of less than 0.04%.

2. The aluminium alloy brazing sheet according to claim 1, wherein said thin covering material (2) has a thickness
which is 0.1 to 10% of the entire thickness of said aluminium alloy brazing sheet (4), and said Al-Si alloy brazing
material layer (1) has a thickness which is 5 to 20% of the entire thickness of said aluminium alloy brazing sheet (4).

3. The aluminium alloy brazing sheet according to any one of claims 1 to 2, wherein in the Al-Si alloy brazing material
layer the excess Mg content with respect to stoichiometric composition of Bi;Mg3 is 0.05% or less.

4. The aluminium alloy brazing sheet according to any one of claims 1 to 3, wherein the Al-Si alloy brazing material
layer (1) further contains one or more elements selected from the group consisting of 0.1 to 5% of Zn, 0.01 to 0.5%

of In, and 0.01 to 0.5% of Sn.

5. The aluminium alloy brazing sheet according to any one of claims 1 to 4, wherein the core material layer contains
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Mg in a range of at most 0.015%.

The aluminium alloy brazing sheet according to any one of claims 1 to 5, wherein the Al-Si alloy brazing material
layer (1) has a Mg content in the range of 0.02 to 0.06%.

The aluminium alloy brazing sheet according to any one of claims 1 to 6, wherein the thin covering aluminium alloy
layer (2) is an Mg-free aluminium alloy having a composition within the range of an AA1000-series aluminium alloy.

A brazed assembly of components using an aluminium alloy brazing sheet (4) according to any one of claims 1 to 7.

A brazed assembly according to claim 8, wherein the brazed assembly is an oil cooler.

10. A method of manufacturing an assembly of brazed components, the method comprising the steps of:

i. forming the components of which at least one is made from an aluminium alloy brazing sheet according to
any one of claims 1 to 7;

ii assembling the components into an assembly;

iii. brazing the assembly without applying flux in an inert gas atmosphere at a brazing temperature for a period
long enough for melting and spreading of the filler material;

iv. cooling the brazed assembly.

Patentanspriiche

Ein Aluminiumlegierungs-Hartlétblech umfassend: eine diinne Abdeckmaterialschicht, eine Kernmaterialschicht und
eine Al-Si-Legierungs-Hartlétmaterialschicht als eine Zwischenschicht zwischen der diinnen Abdeckmaterialschicht
und dem Kernmaterial, wobei das diinne Abdeckmaterial und das Kernmaterial Aluminiumlegierungen beinhalten,
die eine Solidustemperatur héher als eine Liquidustemperatur des Hartlétmaterials aufweisen, sodass das ge-
schmolzene Hartlotmaterial auf eine Oberflache des dlinnen Abdeckmaterials sickert, wenn das Hartlétmaterial in
einem Hartlotvorgang geschmolzen ist, und wobei die diinne Abdeckmaterialschicht eine Mg-freie Aluminiumlegie-
rung ist, die in Gew.% umfasst: Fe 0 bis 0,5; Si 0 bis 4,0; Mn 0 bis 1,0; Cu 0 bis 0,5; Zn 0 bis 0,25; Ti 0 bis 0,1;
unausweichliche Verunreinigungen jeweils < 0,05; gesamt < 0,15; Rest Aluminium, wobei die Kernmaterialschicht
eine Aluminiumlegierung ist, umfassend in Gew.%: Mn 0,5 bis 2,0; Cu 0 bis 1,2; Fe 0 bis 1.0; Si 0 bis 1,0; Bi 0 bis
0,1; Ti 0 bis 0,1; Mg bis zu 0,03; unausweichliche Verunreinigungen, jeweils < 0,05; gesamt <0,2; Rest Aluminium,
wobei das Al-Si Legierungs-Hartlotmaterial Si in einem Bereich von 5 bis 16,5%, Fe bis 0,8%, Tiin einem Bereich
von bis zu 0,2%, 0,02 bis 0,08% Mg und des weiteren Bi in einem Bereich von 0,01 bis 0,1%, unvermeidbare
Verunreinigungen und Aluminium beinhalten, wobei das Dickenverhaltnis der Al-Si-Legierung-Hartlétmaterialschicht
und des dinnen Abdeckmaterials 4 oder mehr zu 1 ist, wobei in der Al-Si-Legierungs-Hartlétmaterialschicht der
Uberschissige Mg-Gehalt mit Bezug auf eine stoichiometrische Zusammensetzung von Bi,Mg; 0,07% oder weniger
ist,

und wobei das Aluminiumlegierungs-Hartlétblech einen Gesamt-Mg-Gehalt von weniger als 0,04% aufweist.

Das Aluminiumlegierungs-Hartlotblech gemaR Anspruch 1, wobei das diinne Abdeckmaterial eine Dicke aufweist,
welche 0,1 bis 10% der gesamten Dicke des Aluminiumlegierungs-Hartlétbleches ist, und die Al-Si-Legierungs-
Hartlétmaterialschicht eine Dicke, welche 5 bis 20% der gesamten Dicke des Aluminiumlegierungs-Hartlétbleches
ist, aufweist.

Das Aluminiumlegierungs-Hartlotblech gemaf einem der Anspriche 1 bis 2, wobei in der Al-Si-Legierungs-Hartlot-
materialschicht der Uberschissige Mg-Gehalt in Bezug zu einer stéchiometrischen Zusammensetzung von BisMgs
0,05% oder weniger ist.

Das Aluminiumlegierungs-Hartlétblech gemafR einem der Anspriiche 1 bis 3, wobei die Al-Si-Legierungs-Hartlot-
materialschicht (1) zusétzlich eines oder mehrere Elemente, ausgewahlt aus der Gruppe bestehend aus 0,1 bis 5%
Zn, 0,01 bis 0,5% In und 0,01 bis 0,5% Sn, beinhaltet.

Das Aluminiumlegierungs-Hartlotblech gemaR einem der Anspriiche 1 bis 4, wobei die Kernmaterialschicht Mg in
einem Bereich von zumindest 0,015% beinhaltet.
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Das Aluminiumlegierungs-Hartlétblech gemafR einem der Anspriiche 1 bis 5, wobei die Al-Si-Legierungs-Hartlot-
materialschicht (1) einen Mg-Gehalt in dem Bereich von 0,02 bis 0,06% aufweist.

Das Aluminiumlegierungs-Hartlotblech gemagR einem der Anspriiche 1 bis 6, wobei die diinne Abdeck-Aluminium-
legierungs-Schicht (2) eine magnesiumfreie Aluminiumlegierung ist, die eine Zusammensetzung innerhalb des Be-
reiches einer Aluminiumlegierung der AA1000er Serie aufweist.

Eine hartgelttete Baugruppe aus Komponenten, anwendend ein Aluminiumlegierungs-Hartloétblech gemaR einem
der Anspriche 1-7.

Eine hartgelétete Baugruppe gemaR Anspruch 8, wobei die hartgeldtete Baugruppe ein Olkiihler ist.

Ein Verfahren zur Herstellung einer Baugruppe aus hartgeléteten Komponenten, das Verfahren umfassend die
Schritte:

i. Formen der Komponenten, wobei zumindest eine aus einem Aluminiumlegierungs-Hartlotblech gemal einem
der Anspriiche 1-7 hergestellt worden ist;

ii. Zusammenbau der Komponenten zu einer Baugruppe;

iii. Hartléten der Baugruppe ohne Anwendung eines Flussmittels in einer Inertgasatmosphare bei einer Hartlot-
Temperatur fiir einen Zeitraum lang genug zum Schmelzen und Verteilen des Lotmaterials;

iv. Abkuhlen der hartgeléteten Baugruppe.

Revendications

Tole de brasage en alliage d’aluminium (4) comprenant une couche mince de matériau de couverture (2), une
couche de matériau d’ame (3), et une couche de matériau de brasage en alliage Al-Si (1) a titre de matériau
intermédiaire interposé entre ledit matériau mince de couverture et ledit matériau d’ame, ledit matériau mince de
couverture et ledit matériau d’ame étant composés d’alliage d’aluminium ayant une température de solidus plus
élevée qu’une température de liquidus dudit matériau de brasage de telle sorte que le matériau de brasage en
fusion suinte sur une surface dudit matériau mince de couverture quand ledit matériau de brasage est mis en fusion
dans une opération de brasage, et dans lequel ladite couche mince de matériau de couverture (2) est un alliage
d’aluminium dépourvu de Mg comprenant, en pourcentage en poids : Fe 02 0,5,Si0a4,0,Mn02a1,0,Cu0a0,5,
Zn 02 0,25, Ti 0 a 0,1, des impuretés inévitables, chacune < 0,05, au total < 0,15, le reste étant de I'aluminium,
dans laquelle ladite couche de matériau d’ame (3) est un alliage d’aluminium comprenant, en pourcentage en poids :
Mn05a20,deCu0a1,2,Fe0a1,0,Si0a1,0,Bi0a0,1, Tioa0,1, Mgjusqua 0,03, des impuretés inévitables,
chacune < 0,05, au total < 0,2, le reste étant de 'aluminium, ledit matériau de brasage en alliage Al-Si (1) contient
Sidans une plage de 5 a 16,5 %, Fe jusqu’a 0,8 %, Ti dans une plage jusqu’a 0,2 %, de 0,02 2 0,08 % de Mg et
en outre Bi dans une plage de 0,01 a 0,1 %, des impuretés inévitables et de 'aluminium, dans laquelle le rapport
d’épaisseur de la couche de matériau de brasage en alliage Al-Si et le matériau mince de couverture (2) et de 4 ou
plus sur 1, dans laquelle dans la couche de matériau de brasage en alliage Al-Si, la teneur de Mg en exceés par
rapport & la composition stoechiométrique de Bi,Mg, est de 0,07 % ou moins, et dans laquelle la tole de brasage
en alliage d’aluminium (4) a une teneur totale en Mg inférieure a 0,04 %.

Tole de brasage en alliage d’aluminium selon la revendication 1, dans laquelle ledit matériau fin de couverture (2)
a une épaisseur qui est de 0,1 & 10 % de I'épaisseur entiére de ladite téle de brasage en alliage d’aluminium (4),
et ladite couche de matériau de brasage en alliage Al-Si (1) a une épaisseur qui est de 5 a 20 % de I'épaisseur
entiere de ladite tole de brasage en alliage d’aluminium (4).

Tole de brasage en alliage d’aluminium selon I'une quelconque des revendications 1 et 2, dans laquelle, dans la
couche de matériau de brasage en alliage Al-Si, la teneur de Mg en excés par rapport a la composition stoechio-
métrique de Bi,Mg3 est de 0,05 % ou moins.

Tole de brasage en alliage d’aluminium selon 'une quelconque des revendications 1 a 3, dans laquelle la couche
de matériau de brasage en alliage Al-Si (1) contient en outre un ou plusieurs éléments sélectionnés parmi le groupe

comprenant 0,1 25 % de Zn, 0,01 20,5 % de In, et 0,01 2 0,5 % de Sn.

Tole de brasage en alliage d’aluminium selon 'une quelconque des revendications 1 a 4, dans laquelle la couche
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de matériau d’ame contient du Mg dans une plage au maximum de 0,015 %.

6. Tole de brasage en alliage d’aluminium selon l'une quelconque des revendications 1 a 5, dans laquelle la couche
de matériau de brasage en alliage Al-Si (1) a une teneur en Mg dans la plage de 0,02 4 0,06 %.

7. Tole de brasage en alliage d’aluminium selon l'une quelconque des revendications 1 a 6, dans laquelle la couche
mince en alliage d’aluminium de couverture (2) est un alliage d’aluminium dépourvu de Mg ayant une composition
dans la gamme des alliages d’aluminium de la série AA1000.

8. Assemblage brasé de composants utilisant une téle de brasage en alliage d’aluminium (4) selon I'une quelconque
des revendications 1a 7.

9. Assemblage brasé selon la revendication 8, dans lequel 'assemblage brasé est un refroidisseur d’huile.
10. Procédé de fabrication d’un assemblage de composants brasés, le procédé comprenant les étapes consistant a ;

i) former les composants dont un au moins est réalisé a partir d’'une tdle de brasage en alliage d’aluminium
selon 'une quelconque des revendications 1a 7 ;

ii) assembler les composants pour donner un assemblage ;

iii) braser l'assemblage sans appliquer de fluxdans une atmosphére de gaz inerte a une température de brasage
pendant une période suffisamment longue pour mettre en fusion et pour amener le matériau de remplissage a
s’étaler ;

iv) refroidir 'assemblage brasé.

11
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Aluminium Stviizet forraszismez fermék

Szabadaimi igénypontok UL

87 TNH-100078643

1. Aluminium Otvozet forraszlemsz (4), amely tartalmaz: vékony fedSanyay
rétegel {2), maganyag réteget (3), ¢s kosbens6 anyagként a vékony
fedbanyag és a maganyag kdzé behelyerett ARSI dtvozet forraszanyag
réteget (1), a vékony fedSanyag és a maganyag olvan aluminium
tvbzetekbd! van, amelyek szilardulasi hdmérsékiste nagyobb, mint &
forraszanyag olvadasi hdmérséldete, igy egy forrasztasi miiveletben
megolvadt forraszanyag raszivérog a vékony feddanyag feliletére, a
vekony fedBanyag réteg (2) Mg mentes aluminium Ohwtizet, amely
tartalmar tomeg%-ban kifejezve: 0 - 05 Fat, 0-4 0 8L 0~ 1.0 Mnet, O
05 Cut 0 - 0258 Zndt 0 - 0,1 Tt clkerthelotlen szennyezdket,

maganyag réleg (3) aluminium Stvdzet, amely tartalmaz Omeg%-ban
kifejezve: 05 -2 0 Mt 0-12Cut, 0 - 1,0 Fe, 01,0814, 0-01 Bi4, §
~ Q.1 Ti4, legfeliebb 0,03 Mg, ekerlthetatlen szennyezdket, mindegyik <
0,05, dsszesen < 0,2, & fannmaradd részhen aluminiumot, az Al-Bi dtvdzet
0.8%-ban, Ti- legleljebb §,2%-1y terjedd tartomadnyban, 0,02 - 0,08% Mg+t
&s tovabba Bit 0,01 - 0.1% tartomanyban, elkeriihetetlen szennyezdket
fedbanyag (2) vastagsdgl ardnya 4 vagy ©bb az 1-hes, az ALSI dtvozet
forraszanyag rétegben a tGbblet Mg tartalom a BiMas sztdchiometrikus
Osszetdleleher képest 0.07% vagy kevesebb, és az aluminium Stvdzet
forrasziemez (4) teljes My taralma kevesebb, mint 0,04%.

2. Az 1. igénypont szerintl aluminium Stvdzet forrasziemez, amelynél a
vékony fedfanyag (2) vastagsaga az aluminium dtvézet forrasziemez (4)
telies vastagsaganak 0,1 ~ 10%-a, s az AlLSi dtvazet forraszanyag réfey



10.

Jg

{1} vaslagséga a8z aluminium otvozet forraszlemez (4 teljes
vastagsaganak § - 20%-a.

Az 1-2. lgenypontok bammelyike srerintl aluminium Stvdzst forrasdemez,
amelynél az AlSi dtvozet forraszanyag réteghen a tbbbiet Mg tarialom a
BizMgs sztochiometrikus dsszetételéhez képest 0,05% vagy kevesebb,

Az 1-3. igénypontok barmelyike szerintl aluminium ttvdzet forrasslemez,
amelynél az Al-Gi 8lvdze! forraszanyag réleg (1) tovabba tartalmaz a 0,1 -
5% Zr-bdl, 0,01 - 0.5% In-bdl és 0.01 -~ 0,5% Sn-bdl alls csoportbdl
kivé!é%zic}tt egy vagy 1obb elemet.

Az 1-4. igénypontok barmelyike szerintt aluminium dtwdzet ‘fc}rfasz}eméz,
amelynél a maganyag reteg legfelighb 0,0156% tartomanyban tartalmaz
Mg-L.

Az 1-5. igénypontok barmelyike szerinll aluminium dtvbzet forrasziemez,
amelynel az Al-8i divézet forraszanyag réteg (1) Mg tartalma 0,02 - 0,08%
tarfomanyban van.

Az 1.8, igénypontok barmelyike szerinti aluminium olvdzet forrasziemes,
amelynél a vékony fedd aluminium Stvdzet réteg (2) Mg mentes aluminium
Btvbzet, amelynek az Osszetétele gz AA1000 sorozatt aluminium Stvazet
tartomanyan bellll van.

Allcotorészek forraszioft szerelvénye, amelyhez ag 17 igénypontok
barmelyike szetintl aluminium Gtvézet forraszlemes (4) van felhasznalva,
A B igénypont szerintl forrasziolt szerelvény, amelynél a forraszioft

szerelvény olathiitd.

Eljaras forrasziott alkolorészekbd! vd sreralvény eltsllitasdra, amely
aliaras a kbvetkezd [epésekst tartalmazza;



-3 .

az alkotoreszek alakitdsa, amelyek kozl legaldbb egy sz 1-7.
igényponiok bdrmelyike szeninti aluminium Gtvdzet forrasslemezbiodl
van,

az alkotorészek szerelvannyé torténd Osszaszerelése;

a szerelvény folyasztosser alkalmazasa nélkili forrasstasa inent
gazatmoszféraban, forrasziasi himérsekleten, elegendd ideig ahhoz,
hogy & Oldanyag megolvadijon és szétterjedjary;

a forrasziott szerelvény hiltése.
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