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(57) ABSTRACT 
AbraZing sheet product having a core sheet (1) made of an 
aluminium alloy, having one or both of the surfaces of the 
core sheet clad With an aluminium clad layer (2), and a layer 
(3) comprising nickel on the outersurface of one or both the 
aluminium clad layer or layers There is a layer (4) 
comprising Zinc or tin as a bonding layer betWeen the 
outersurface of the aluminium clad layer or layers (2) and 
the layer (3) comprising nickel. The aluminium clad alloy 
layer comprises, in Weight percent: Si 2 to 18, Mg up to 8.0, 
Zn up to 5.0, Cu up to 5.0, Mn up to 0.30, In up to 0.30, Fe 
up to 0.80, Sr up to 0.20, at least one element selected from 
the group consisting of: Bi 0.01 to 1.0, Pb 0.01 to 1.0, Li 
0.01 to 1.0, Sb 0.01 to 1.0, impurities each up to 0.05, total 
up to 0.20; and balance aluminium. 
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BRAZING SHEET PRODUCT AND METHOD OF 
MANUFACTURING AN ASSEMBLY USING THE 

BRAZING SHEET PRODUCT 

[0001] This claims priority under 35 USC 119 from US. 
provisional patent application Ser. No. 60/209,973, ?led Jun. 
8, 2000, incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to a brazing sheet product in 
Which a layer comprising nickel is plated onto a surface of 
a clad layer made of an Al—Si alloy containing Si in the 
range of 2 to 18 Weight %. The invention also relates to a 
braZed assembly comprising at least one component made of 
the braZing sheet product and to a method of manufacturing 
an assembly of braZed components. 

BACKGROUND OF THE INVENTION 

[0003] For the purpose of this invention braZing sheet is to 
be understood as a core sheet, for example of aluminium or 
aluminium alloy, having on at least one side a braZeable 
aluminium alloy. Typical braZeable aluminium alloys useful 

as such a clad layer are the Aluminium Association 4xxx-series alloys, typically having Si in the range of 2 to 18 

Weight %. The braZeable aluminium alloys may be coupled 
to the core alloy in various Ways knoWn in the art, for 
example by means of roll bonding, cladding, or semi 
continuous or continuous casting. 

[0004] Controlled Atmosphere BraZing (CAB) and 
Vacuum BraZing (VB) are the tWo main processes used for 
industrial scale aluminium braZing. Industrial vacuum braZ 
ing has been used since the 1950’s, While CAB became 
popular in the early 1980’s after the introduction of the 
NOCOLOK (trade mark) braZing ?ux. Vacuum braZing is an 
essentially discontinuous process and puts high demands on 
material cleanliness. The disruption of the oxide layer 
present is mainly caused by the evaporation of magnesium 
from the clad alloy. There is alWays more magnesium 
present in the clad alloy then necessary. The excess mag 
nesium condenses on the cold spots in the furnace and has 
to be removed frequently. The capital investment for suitable 
equipment is relatively high. 

[0005] CAB requires an additional process step prior to 
braZing as compared to VB, since a braZing ?ux has to be 
applied prior to braZing. CAB is essentially a continuous 
process in Which, if the proper braZing ?ux is being used, 
high volumes of braZed assemblies can be manufactured. 
The braZing ?ux dissolves the oxide layer at braZing tem 
perature alloWing the clad alloy to How properly. When the 
NOCOLOK ?ux is used the surface needs to be cleaned 
thoroughly prior to ?ux application. To obtain good braZing 
results the braZing ?ux has to be applied on the total surface 
of the braZed assembly. This can cause dif?culties With 
certain types of assemblies because of their design. For 
example, because evaporator type heat exchangers have a 
large internal surface, problems can arise because of poor 
access to the interior. For good braZing results the ?ux has 
to adhere to the aluminium surface before braZing. Unfor 
tunately the braZing ?ux after drying can easily fall off due 
to small mechanical vibrations. During the braZing cycle, 
corrosive fumes such as HF are generated. This puts a high 
demand on the corrosion resistance of the materials applied 
for the furnace. 
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[0006] Ideally, a material should be available that can be 
used for CAB but does not have the requirements and 
defects of the braZing ?ux application. Such a material can 
be supplied to a manufacturer of braZed assemblies and is 
ready to use directly after shaping of the assembly parts. No 
additional braZing ?uxing operations have to be carried out. 
Presently, only one process for ?ux-less braZing is used on 
an industrial scale. The material for this process can be for 
example standard braZing sheet made from an AA3xxx 
series core alloy and clad on both sides With a cladding of 
an AA4xxx-series alloy. Before the braZing sheet can be 
used the surface has to be modi?ed in such a Way that the 
naturally occurring oxide layer does not interfere during the 
braZing cycle. The method of achieving good braZing is to 
deposit a speci?c amount of nickel on the surface of the clad 
alloy. If properly applied, the nickel reacts With the under 
lying aluminium. The nickel can be applied by using a shim 
of nickel betWeen tWo parts to be joined or can be deposited 
by electroplating. When electroplating is used the adherence 
of the nickel should be suf?cient to Withstand typical shap 
ing operations being used in for example heat exchanger 
manufacture. 

[0007] The processes for nickel-plating of aluminium 
braZing sheet are knoWn from each of US. Pat. No. 3,970, 
237, US. Pat. No. 4,028,200, US. Pat. No. 4,164,454, and 
SAE-paper no. 880446 by B. E. Cheadle and K. F. Dockus. 
According to each of these documents, nickel is preferably 
deposited in combination With lead. Alternatively, cobalt is 
deposited in combination With lead. It is knoWn in the art 
that instead of nickel, cobalt or combinations thereof, also 
iron may be used. The lead addition is used to improve the 
Wettability of the clad alloy during the braZing cycle. An 
important characteristic of these plating processes is that the 
nickel is preferentially deposited on the silicon particles of 
the clad alloy. To obtain suf?cient nickel for braZing on the 
surface, the clad alloy should contain a relatively large 
number of silicon particles to act as nuclei for the nickel 
deposition. It is believed that to obtain suf?cient nucleation 
sites before plating a part of the aluminium in Which the 
silicon particles are embedded should be removed by chemi 
cal and/or mechanical pre-treatment. This is believed a 
necessary condition to obtain a suf?cient nickel coverage to 
serve as nuclei for the Wetting action of the braZing or clad 
alloy. On a microscopic scale the surface of the Si-contain 
ing cladding of the braZing sheet is covered With nickel 
globules. 

[0008] Some other disclosures of Ni-plating found in the 
prior art literature Will be mentioned beloW. 

[0009] General textbook by Wernick and Pinner, “The 
Surface Treatment and Finishing of Aluminium and its 
Alloys”, 5th edition, Volume 2, pp.1023-1071. This textbook 
describes in general immersion processes for plating on 
aluminium. 

[0010] Paper by the Bureau of Mines Technology, “Alu 
minium Soft-Soldering”, 2301 N.T.I.S. Tech Notes (manu 
facturing), 1985, January, No.1G, Spring?eld, Va., USA, 
pp.12-13. This paper describes a method of manufacturing 
aluminium for soft-soldering Wherein the aluminium sur 
faces are joined by conventional tin-lead solder. The method 
includes ?rstly cleaning the aluminium surface carefully 
prior to the Zinc application. Secondly a thin Zinc coat is 
deposited and subsequently electroplated With an alloy of 
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nickel-copper. After the nickel-copper plating has been 
accomplished, soldering using normal procedures can be 
accomplished. 

[0011] FR-A-2,617,868 describes a method of manufac 
turing aluminium product With a braZeable surface coating 
of tin or a tin-bismuth alloy, Wherein the product is provided 
With an intermediate layer. This intermediate layer is com 
posed of a ?rst layer of Zinc and a second layer of nickel, 
Which nickel has been deposited by electrolysis from a 
neutral electrolyte. Here, the underlying aluminium or alu 
minium alloy is not melted in the braZing process. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the invention to provide a braZing 
sheet product having a core sheet and ?ller material, to be 
melted during braZing, said ?ller material comprising a clad 
layer of an Al—Si alloy and a nickel layer on the clad layer, 
in Which there is good adhesion of the nickel layer to the clad 
layer. 

[0013] It is an object of the invention to provide a braZing 
sheet product Which can be used in a vacuum braZing 
process as Well as in an controlled atmosphere braZing 
process in the absence of a brazing-?ux, but ideally suitable 
for CAB process in the absence of a brazing-?ux. 

[0014] It is another object of the invention to provide a 
method of manufacturing an assembly of braZed compo 
nents using the braZing sheet product of this invention. 

[0015] In accordance With the invention in one aspect 
there is provided a braZing sheet product having a core sheet 
(1) made of an aluminium alloy, having at least one of the 
surfaces of said core sheet clad With an aluminium clad layer 
(2), and a layer (3) comprising nickel on the outersurface of 
at least one of said aluminium clad layer or layers (2), and 
Wherein there is a layer (4) comprising Zinc or tin as a 
bonding layer betWeen said outersurface of said aluminium 
clad layer or layers and said layer (3) comprising nickel and 
further Wherein the aluminium clad alloy comprising, in 
Weight percent: 

Si 2 to 18 
Mg up to 8.0 
Zn up to 5.0 
Cu up to 5.0 
Mn up to 0.30 
In up to 0.30 
Fe up to 0.8 
Sr up to 0.20 

[0016] at least one element selected from the group 
consisting of: 

Bi 0.01 to 1.0 
Pb 0.01 to 1.0 
Li 0.01 to 1.0 
Sb 0.01 to 1.0 

[0017] (preferably the magnesium level in the clad 
layer does not eXceed 2.0%, i.e., Mg is 0.2 to 2.0, 
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When it is present essentially only to promote the 
Wetting action of the braZing alloy) 

[0018] other elements/impurities each up to 0.05, 
total up to 0.20 balance aluminium. 

[0019] In the present speci?cation, the term “up to” means 
“i”, for eXample “up to 0.20” means “20.20”. 

[0020] By the Zinc or tin comprising bonding layer a very 
effective bond betWeen the aluminium alloy clad layer and 
the layer comprising nickel is formed, the bond remaining 
effective during subsequent deformation of the braZing 
sheet, for eXample by bending. The coverage of the nickel 
layer is no longer dependent on the surface characteristics of 
the bare clad layer. The braZing sheet product obtained is 
suitable for ?ux-less braZing under controlled atmosphere 
conditions. 

[0021] The invention is based in part on the insight that to 
obtain a Well-bonded nickel layer on the Si-containing 
aluminium clad layer of the braZing sheet product so that the 
bond remains effective under large deformation, pretreat 
ment of the clad layer is extremely important. The prior art 
processes apparently aimed at applying the nickel in a 
distributed form, principally to the silicon particles at the 
surface of the clad layer, rather than trying to achieve a 
uniform nickel layer. In the present invention the surface of 
the Si-containing clad alloy is altered in such a Way that the 
nickel coverage is independent of the silicon particles at its 
surface. The nickel plating does not take place on the silicon 
particles but on the applied bonding layer comprising Zinc or 
tin. Since the nickel thus is deposited on the total surface of 
the aluminium clad layer the necessary reaction before 
braZing can take place much more easily as compared to the 
process of the prior art. The Zinc or tin applied does not 
interfere at all during the braZing process, and may contain 
a component to assist the braZing, as described beloW. Since 
the nickel is deposited smoothly and uniformly on the 
surface, the use of lead to promote Wetting during braZing 
can be reduced or avoided, or other elements such as 
bismuth may be used for this purpose. A further important 
advantage of the nickel or nickel-lead deposited smoothly 
and uniformly on the surface is that the total amount of 
nickel to be applied in order to achieve good ?ux-less 
braZing can be reduced. Another advantage is that the 
complete surface coverage avoids any difficulty caused by 
aluminium oXide at the surface of the clad layer. 

[0022] Furthermore, the invention is based in part on the 
insight that the aluminium clad layer comprise at least one 
or more elements selected from the group consisting of 
bismuth, lead, lithium and antimony, each in a range of 0.01 
to 1.0%, and the combination of tWo or more elements does 
preferably not eXceed 1.0%, and that magnesium may be 
present in a range of 0.2 to 2.0%. The combination of 
magnesium With one or more other elements from this group 
does preferably not eXceed 2.5%. Hence, magnesium may 
be present in the aluminium clad layer up to 8.0%, preferred 
ranges have been set out beloW, to enhance amongst others 
the mechanical properties of the aluminium clad layer, 
Whereas it has also been found that magnesium in a range of 
0.2 to 2.0% may also act in a similar Way as elements 
selected from the group bismuth, lead, lithium and antimony. 
Preferably the magnesium level in the clad layer does not 
eXceed 2.0% When it is present essentially only to promote 
the Wetting action of the braZing alloy in combination With 
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the lead-free nickel layer. Further alloying elements may be 
added to improve speci?c properties of the clad layer. In 
US. Pat. No. 3,970,237 it is mentioned that the aluminium 
clad layer is preferably coated With a layer of nickel, 
nickel-lead, cobalt, cobalt-lead or combinations thereof. The 
additions of lead is believed to improve the Wettability 
during brazing. HoWever, in accordance With the invention 
it has been found that the nickel and/or cobalt layer itself 
does not need to comprise the lead as an alloying addition. 
Surprisingly it has been found that an equal or even better 
results can be obtained if one or more elements of the group 
Bi, Pb, Li and Sb and Mg is being added in the given ranges 
to the aluminium clad layer itself. Adding one or more of 
these alloying elements to the aluminium clad layer has the 
advantage that the composition of the plating bath becomes 
less complex, Which is a major achievement in itself, 
Whereas the alloying addition to the cladding is very simple 
When manufacturing the clad layer. As a result the electro 
plated nickel layer applied may essentially consist of nickel 
and unavoidable impurities. From an operational point of 
vieW bismuth is the most preferred alloying element to the 
aluminium clad layer. Furthermore it has been found that the 
element bismuth is the most preferred alloying element to 
promote Wetting, and consequently less of this element is 
required to achieve a similar effect as With lead addition in 
the nickel layer. Although, lead as alloying element in the 
clad layer in the given range results in the desired effect, the 
addition of this element is preferably avoided since it is from 
an environmentally point of vieW a highly undesirable 
element. 

[0023] While it is in knoWn to apply a Zinc layer prior to 
nickel-plating of articles, it is believed that this has not been 
done in a nickel-plated aluminium alloy clad braZing sheet 
product, in Which as discussed above it has been thought 
necessary to plate the nickel directly on the Si-containing 
clad layer. 

[0024] Very good results of the braZing sheet according to 
the invention may be obtained Where the bonding layer is 
applied With an immersion Zincate treatment or immersion 
stannate treatment, often also referred to as displacement 
plating. 
[0025] In an embodiment of the braZing sheet product 
according to the invention the applied layer comprising Zinc 
or tin has a thickness only up to 0.5 pm, more preferably up 
to 0.3 pm (300 nm), and most preferably in the range of 0.01 
to 0.15 pm (10-150 nm). In the best results obtained so far 
a thickness of about 30 nm has been used. A coating 
thickness of greater than 0.5 pm requires a prolonged 
treatment time, eg for displacement plating, and is thought 
to have no further advantages for improving the adhesion. 

[0026] The Zinc or tin layer applied in the braZing sheet 
product of the invention may be essentially a pure Zinc or tin 
layer or may be primarily Zinc or tin (eg at least 50 Weight 
%). Minor amounts of impurity elements or deliberately 
added elements may be present, as discussed in more detail 
beloW. Typically impurity elements are present at less than 
10%, more usually less than 5% by Weight in the Zinc or tin 
layer. 
[0027] The layer comprising nickel is preferably an elec 
troplated layer. The adhesion of the layer comprising nickel 
applied on the layer comprising Zinc or tin is excellent and 
can Withstand relatively severe shaping operations Without 
the occurrence of delamination. 

Nov. 15, 2001 

[0028] Preferably in this braZing sheet product the layer 
comprising nickel has a thickness up to 2.0 pm, preferably 
up to 1.0 pm, and more preferably up to 0.5 pm. A coating 
thickness of greater than 2.0 pm requires a prolonged 
treatment time for plating, may result in Wrinkling of the 
molten ?ller material during braZing. A preferred minimum 
thickness for this Ni-containing layer is 0.3 pm. HoWever, 
other techniques such as roll bonding, thermal spraying, 
Chemical Vapour Deposition and Physical Vapour Deposi 
tion may be used. 

[0029] Preferably in this braZing sheet product each alu 
minium clad layer has a thickness ranging from about 2 to 
20% of the total thickness of the total braZing sheet product 
thickness. 

[0030] Preferably in the braZing sheet product the material 
Which on braZing becomes molten, commonly knoWn as the 
?ller material, in particular the nickel layer and/or the Zinc 
or tin layer comprise one or more elements to reduce the 
surface tension of the molten braZing alloy during braZing. 
In the invention it has been found surprisingly that contrary 
to the teaching of the prior art, it is not necessary to add lead 
as an alloying element to the Ni-layer in order to promote the 
Wetting action of the braZing alloy. Nevertheless, lead and 
other suitable elements, for Which bismuth is preferred to 
most, may be added to the nickel layer or the Zinc or tin layer 
or to both. This has various advantages from the manufac 
turing point of vieW of the braZing sheet. 

[0031] In the ?ller material as a Whole therefore, there may 
be present, in Weight %, at least one of 

Bi 0.01 to 0.5, preferably 0.05 to 0.5 
Mg 0.2 to 2.0 
Li 0.01 to 0.5, preferably 0.05 to 0.5 
Sb 0.01 to 0.5, preferably 0.05 to 0.5 

[0032] The Zinc or tin layer itself may thus comprise one 
or more additional elements selected from the group con 
sisting of bismuth, lead, lithium and antimony. The amount 
of the additional element or elements in total may be up to 
50%, but preferably is less than 25%, eg in the range 1 to 
25%. 

[0033] In a preferred embodiment of the braZing sheet 
product according to the invention the bismuth addition in 
the aluminium clad layer has an upper limit of 0.5%. A 
suitable loWer limit for the bismuth addition is 0.01% and 
more preferably 0.05%. 

[0034] In a preferred embodiment of the braZing sheet 
product according to the invention the lithium addition in the 
aluminium clad layer has an upper limit of 0.5%. A suitable 
range for the lithium addition is 0.01-0.3%. 

[0035] In a preferred embodiment of the braZing sheet 
product according to the invention the antimony addition in 
the aluminium clad layer has an upper limit of 0.5%. A 
suitable range for the antimony addition is 0.01-0.3%. 

[0036] In an embodiment the aluminium clad layer com 
prises, in Weight %, Si in the range of 2 to 18%, and 
preferably 7 to 18%, as alloying element and further mag 
nesium in the range of up to 8.0%, and preferably up to 
5.0%. Preferably the magnesium is in the range of 0.5 to 5%, 
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and more preferably 0.5 to 2.5%. Further alloying elements 
may be added such as, but not limited to, Cu, Zn, and Sr in 
suitable ranges. It has been found that in use of the brazing 
sheet product the presence of magnesium in the clad layer 
has no detrimental effects during braZing. This is a major 
improvement over knoWn braZing sheet products. It alloWs 
for the design of aluminium clad layers Which may contrib 
ute to the strength of the total braZing sheet product or 
alternatively the braZing sheet products having thinner clad 
layers. Furthermore, it alloWs that Mg-containing braZing 
sheet may be applied in both Vacuum BraZing and ?uX-less 
Controlled Atmosphere BraZing. The latter possibility has 
many economical and technical advantages. In addition it 
has been found that the addition of both bismuth and 
magnesium as alloying elements overcomes the mandatory 
need for the addition of Wetting or bonding promoting 
alloying elements to the sequentially electroplated nickel 
layer. The braZing sheet product according to the invention 
may readily be used in the eXisting industrial braZing lines. 

[0037] In another embodiment the aluminium clad layer 
comprises, in Weight %, Si in the range of 2 to 18%, and 
preferably 7 to 18%, as alloying element and further Zinc in 
the range of up to 5%. Preferably the Zinc is in the range of 
0.5 to 3%. Further alloying elements may be added such as, 
but not limited to, Mg and Cu in suitable ranges. In accor 
dance With the invention it has been found that When this 
braZing sheet product is used the presence of Zinc in the 
cladding has no detrimental effects during braZing. This is a 
major improvement over knoWn braZing sheet products. It 
alloWs for the design of a cladding Which may contribute to 
the strength of the total braZing sheet product. Further, the 
braZing sheet product Wherein the cladding contains Zinc as 
a deliberate alloying element may be applied in both 
Vacuum BraZing and ?uX-less Controlled Atmosphere BraZ 
ing, both processes being used on an industrial scale. 

[0038] In another embodiment the aluminium clad layer 
comprises, in Weight %, Si in the range of 2 to 18%, and 
preferably 7 to 18%, as alloying element and further copper 
in the range of up to 5%. Preferably the copper is in the range 
of 3.2 to 4.5%. Further alloying elements may be added such 
as, but not limited to, Mg, and Zn in suitable ranges. In 
accordance With the invention it has been found that When 
this braZing sheet product is used the presence of copper in 
the cladding has no detrimental effects during braZing. This 
is a major improvement over knoWn braZing sheet products. 
It alloWs for the design of a cladding Which may contribute 
to the strength of the total braZing sheet product. Further, the 
braZing sheet product Wherein the cladding contains copper 
as a deliberate alloying element may be applied in both 
Vacuum BraZing and ?uX-less Controlled Atmosphere BraZ 
ing, both processing being used on an industrial scale. 

[0039] In all embodiments of the aluminium clad layer 
indium (“In”) in a range of up to 0.30% may be present as 
an alloying element to reach a more electronegative corro 
sion potential of the aluminium clad alloy as compared to the 
aluminium core alloy. Indium has been found to be much 
more effective in reducing the corrosion potential of the 
alloy as compared to Zinc additions. Typically 0.1% In is as 
effective as 2.5% Zn. 

[0040] In all embodiments of the aluminium clad layer 
each of manganese and Zirconium may be present in the 
aluminium clad layer as an impurity element in a range of up 
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to 0.30%, and is preferably present only up to 0.10% and 
more preferably up to 0.05%. 

[0041] In all embodiments of the aluminium clad layer 
iron may be present in the clad layer as a typical impurity 
element in aluminium alloys in a range of up to 0.8%, and 
preferably in a range of up to 0.4%. 

[0042] In all embodiments of the aluminium clad layer 
strontium in a range of up to 0.20% may be added to modify 
the silicon present in the clad layer during the solidi?cation 
When casting the clad alloy. A more preferred maXimum for 
the strontium addition is up to 0.05%. 

[0043] In an embodiment of the braZing sheet product 
according to the invention, the core sheet is an aluminium 
alloy comprising magnesium in a range of up to 8.0%. In a 
preferred embodiment magnesium is in a range of 0.5 to 
5.0%. Further alloying elements may be added such as, but 
not limited to, Cu, Zn, Bi, V, Fe, Zr, Ag, Si, Ni, Co and Mn 
in suitable ranges. It has been found that When the braZing 
sheet product of the invention is used, the presence of 
magnesium in the aluminium clad layer has no detrimental 
effects during braZing. This is a major improvement over the 
knoWn braZing sheets. The diffusion of Mg from the core to 
the cladding during the manufacturing of the braZing sheet 
product itself and its application in a subsequent braZing 
process, appears to have no detrimental effects on the 
braZeability of the braZing sheet product in accordance With 
the invention. This alloWs for the design of high strength 
braZing sheet products having an aluminium core sheet 
having magnesium in the given range as a strengthening 
element. The product may be applied in both Vacuum 
BraZing (VB) and ?uX-less Controlled Atmosphere BraZing 
(CAB), both processes being used extensively on an indus 
trial scale. 

[0044] In the braZing sheet product according to the inven 
tion the core sheet may be coupled to the aluminium clad 
layer via an intermediate layer. The bene?ts of having such 
an intermediate layer or interlayer are described in for 
example US. Pat. No. 2,821,014, the contents of Which are 
incorporated here by reference. 

[0045] The invention further provides a braZed assembly 
comprising at least one component made of the braZing 
sheet product produced in accordance With the invention 
described above and elseWhere in the present speci?cation. 

[0046] In a further aspect of the invention there is pro 
vided in a method of manufacturing a braZed assembly using 
the braZing sheet product in accordance With the invention, 
comprising the sequential process steps of: 

[0047] (a) shaping parts of Which at least one is made 
from the braZing sheet product of the invention as set 
out above; 

[0048] (b) assembling the parts into an assembly; 

[0049] (c) braZing the assembly under a vacuum or in an 
inert atmosphere in the absence of a braZing-?uX at 
elevated temperature for a period long enough for 
melting and spreading of the ?ller alloy, Whereby the 
?ller alloy is formed by at least the clad alloy (2), the 
bonding layer (4) and the Ni layer (3); 

[0050] (d) cooling the braZed assembly. The cooling 
rate may be in the range of typical braZing furnace 
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cooling rates. Typical cooling rates are cooling rates of 
at least 10° C./min or more, typically 40° C./min or 
more. 

[0051] In dependence on the aluminium alloy of the core 
sheet the process may include the further processing step (e) 
of ageing of the brazed and cooled assembly in order to 
optimise the mechanical and/or corrosion properties of the 
resultant assembly. The use of the braZing sheet product in 
accordance With the invention has been found to result in a 
loWer braZing temperature by about 10° C. This reduced 
braZing temperature alloWs for a signi?cant reduction of the 
industrial scale processing time for a Whole braZing cycle, 
typically a time reduction of 20% or more has been found. 

[0052] In a further aspect of the invention there is pro 
vided in a method of use of the aluminium clad alloy, set out 
above and set forth elseWhere in the present speci?cation, in 
a braZing sheet product. 

[0053] In a further aspect of the invention there is pro 
vided in a method of use of the aluminium clad alloy, set out 
above and set forth elseWhere in the present speci?cation, in 
a braZing sheet product in a method of manufacturing a 
braZed assembly in an inert atmosphere braZing (CAB) 
process in the absence of a braZing-?uX. 

[0054] Patent Cooperation Treaty application number 
PCT/EP00/04608, ?led May 18, 2000, is incorporated 
herein by reference in its entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] The invention Will noW be illustrated by several 
non-limitative examples, and With reference to the draWings, 
Wherein: 

[0056] FIG. 1 is a schematic longitudinal section shoWing 
the structure of braZing sheet product according to the state 
of the art; 

[0057] FIG. 2 is a schematic longitudinal section shoWing 
the structure of braZing sheet product according to the 
invention; 

[0058] FIG. 3 is a schematic longitudinal section shoWing 
the structure of braZing sheet product according to the 
invention; 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0059] FIG. 1 shoWs schematically braZing sheet in accor 
dance With the prior art as Would be obtained by the process 
in accordance With for example US. Pat. No. 3,970,237. The 
braZing sheet product consists of a core sheet 1 on one or 
both sides clad With a aluminium clad layer 6 comprising an 
Al—Si-alloy. On top of the clad layer 6 a thin nickel layer 
3, preferably a nickel-lead layer, is applied by means of 
electroplating. 

[0060] FIG. 2 shoWs schematically braZing sheet in accor 
dance With the present invention in Which betWeen the clad 
layer 2 comprising an Al—Si—Bi alloy and the Ni-layer 3 
a further layer 4 of Zinc or tin is applied, the advantages of 
Which are set out above. In FIG. 2 the layers 4 and 3 have 
been shoWn on only one side of the braZing sheet, but it Will 
be immediately apparent to the skilled person that they may 
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also be applied on both sides of the braZing sheet product. 
The composition of the various layers and their advantages 
have been set out above. 

[0061] FIG. 3 shoWs schematically a further braZing sheet 
in accordance With the present invention Which has the 
layers of FIG. 2 and a further intermediate layer 5 betWeen 
the core sheet 1 and the clad layer 2 on both sides. In FIG. 
3 the layers 4 and 3 have been shoWn on only one side of the 
braZing sheet, but it Will be immediately apparent to the 
skilled person that they may also be applied on both sides of 
the braZing sheet product. In addition the intermediate layer 
5 may also be applied on one side of the braZing sheet, 
preferably on the side comprising also the layers 4 and 3. 
The possible compositions of the various layers and their 
advantages have been set out above. 

EXAMPLE 

[0062] On a laboratory scale of testing aluminium braZing 
sheets manufactured from an Aluminium Association 
(AA)3003 core alloy clad on one side With AA4000 -series 
aluminium clad alloys of four different compositions (see 
Table 1), and having a total thickness of 0.5 mm, and a clad 
layer thickness of about 50 pm, Were treated as set out in 
Table 2. 

[0063] The treatment consisted of the folloWing sequential 
process steps: 

[0064] cleaning by immersion for 180 sec. in 
ChemTec 30014 (a commercial available degreaser 
and alkaline etch cleaner), folloWed by rinsing; 

[0065] alkaline etching for 20 sec. in ChemTec 30203 
(a commercial available alkaline etch cleaner) at 
ambient temperature, folloWed by rinsing; 

[0066] optionally desmutting for 4 sec. in an acidic 
oXidiZing bath, typically 25-50 vol % nitric acid, 
comprising ChemTec 11093 (a commercial available 
pickle activator) at ambient temperature, folloWed by 
rinsing; 

[0067] Zincate immersion using ChemTec 024202 for 
12 sec. at room temperature folloWed by rinsing; 

[0068] nickel electroplating, and rinsing. 

[0069] For the nickel electroplating a basic bath Without 
lead has been used, indicated as “L-” in Table 2. The 
lead-free basic bath comprised 50 g/l nickel sulphate, 50 g/l 
nickel chloride, 30 g/l sodium citrate, and 75 ml/l ammo 
nium hydroxide (30%). The plating conditions at 26° C. 
Were such that a plating time of 50 sec. resulted in a nickel 
plated layer of 0.5 pm thickness using a current density of 
3 A/dm2. 

[0070] The nickel plated specimens have been tested for 
adhesion using the Erichsen dome test (5 mm), and the 
T-bend test. Avalue assessment is then given to the adhesion 
Where: (—)=poor, (:)=fair, and (+)=good. The braZeability 
has been assessed as folloWs. On a laboratory scale of testing 
the braZing tests Were carried out in a small quartZ furnace. 
Small coupons of 25 mm><25 mm Were cut from the nickel 
plated sheets. A small strip of an AA3003 alloy measuring 
30 mm><7 mm><1 mm Was bent in the center to an angle of 
45° and laid on the coupons. The strip on the coupon 
samples Were heated under ?oWing nitrogen, With heating in 
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about 10 minutes from room temperature to 580° C., dwell 
time at 580° C. for 1 minute, cooling from 580° C. to room 
temperature. The brazing process Was judged on possible 
formation of Wrinkles, capillary depression and ?llet forma 
tion. An overall assessment Was given Where: (—)=poor 
braZeability, (—/:)=fair braZeability, (:)=good braZeability, 
and (+)=eXcellent braZeability. The results obtained are 
summarised in Table 2. 

[0071] From the results from Table 2 it can be seen that 
applying a Zincate treatment is essential to have a good 
adhesion of the Ni-plated layer. From the results of clad 
alloy no. 1 it can be seen that omitting the desmutting step 
still results in a good adhesion of the Ni-plated layer. The 
results of clad layer no. 2 demonstrate that adding Bi to the 
cladding results in an excellent braZeability. Consequently, 
the addition of lead to the nickel layer can be omitted in 
accordance With the invention. The results of clad layer no. 
3 demonstrate that adding Bi to the cladding in combination 
With magnesium still results in an eXcellent braZeability. The 
results of clad layer no. 4 demonstrate that adding Bi to the 
cladding in combination With Zinc still results in an eXcellent 
braZeability. Whereas having neither bismuth nor lead 
present in the clad layer nor lead present in the nickel layer 
results in a poor braZeability (see clad alloy no. 1). 

TABLE 1 

Composition of the aluminium clad alloy, in Weight %. Balance Al and 
inevitable impurities (each < 0.05% total < 0.20%). 

Alloy Si Fe Cu Mn Mg Zn Ti Bi 

1 10.0 0.3 <0.01 <0.02 <0.02 <0.02 0.003 — 

2 8.5 0.2 <0.01 <0.02 <0.02 <0.02 0.003 0.09 
3 9.6 0.25 <0.01 <0.02 1.35 <0.02 0.003 0.13 
4 7.6 0.35 <0.01 <0.02 <0.02 1.02 0.003 0.11 
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Wherein said aluminium clad layer (2) is made of an alloy 
Which comprises, in Weight percent: 

Si 2 to 18 
Mg up to 8.0 
Zn up to 5.0 
Cu up to 5.0 
Mn up to 0.30 
In up to 0.30 
Fe up to 0.80 
Sr up to 0.20 

at least one element selected from the group consisting of: 

Bi 0.01 to 1.0 
Pb 0.01 to 1.0 
Li 0.01 to 1.0 
Sb 0.01 to 1.0 

impurities each up to 0.05, total impurities up to 0.20, 
balance aluminium. 

2. BraZing sheet product according to claim 1, Wherein 
said bonding layer (4) is an electroplated layer. 

3. BraZing sheet product according to claim 1, Wherein 
said bonding layer (4) has a thickness of not more than 0.5 
pm. 

4. BraZing sheet product according to claim 3, Wherein 
said bonding layer (4) has a thickness in the range 20 to 150 
nm. 

5. BraZing sheet product according to claim 1, Wherein 
said layer (3) comprising nickel has a thickness of not more 
than 2.0 pm. 

6. BraZing sheet product according to claim 1, Wherein 
said aluminium clad layer (2) contains by Weight Mg in an 

[0072] amount in the range of 0.5 to 5.0%. 

TABLE 2 

Pretreatment applied and testing results. 

Clad Ni- Braze 
alloy no. Clean. Etching Desmut. Zincate plating Adhesion ability 

1 yes yes yes yes L 
1 yes yes no yes L- — 

2/3/4 yes yes yes yes L- + 

[0073] Having noW fully described the invention, it Will be 
apparent to one of ordinary skill in the art that many changes 
and modi?cations can be made Without departing from the 
spirit or scope of the invention as herein described. 

1. BraZing sheet product comprising: 

a core sheet (1) made of an aluminium alloy; an alu 
minium clad layer (2) cladding at least one of the 
surfaces of said core sheet; a layer (3) comprising 
nickel on the outersurface of one or both said alu 
minium clad layer or layers (2); and a layer (4) com 
prising Zinc or tin as a bonding layer betWeen said 
outersurface of said aluminium clad layer or layers and 
said layer (3) comprising nickel; 

7. BraZing sheet product according to claim 1, Wherein 
said aluminium clad layer (2) contains by Weight Zn in an 
amount in the range of 0.5 to 3.0%. 

8. BraZing sheet product according to claim 1, Wherein 
said aluminium clad layer (2) contains by Weight Bi in an 
amount in the range of 0.01 to 0.5%. 

9. BraZing sheet product according to claim 1, Wherein 
said core sheet (1) is coupled to said aluminium clad layer 
(2) via an intermediate layer 

10. BraZing sheet product according to claim 1, Wherein 
said core sheet (1) is an aluminium alloy comprising mag 
nesium in an amount in the range of up to 8.0%. 

11. An assembly of components joined by braZing, at least 
one said components being a braZing sheet product accord 
ing to claim 1. 
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12. A method of manufacturing an assembly of brazed 
components, comprising the sequential process steps of: 

(a) forming said components of Which at least one is made 
from brazing sheet product according to claim 1; 

(b) assembling the components into an assembly; 

(c) braZing the assembly under a vacuum or in an inert 
atmosphere in the absence of a brazing-?ux at elevated 
temperature for a period long enough for melting and 
spreading of the clad layer; and 

(d) cooling the braZed assembly. 
13. A method of use of an aluminium clad alloy in a 

braZing sheet according to claim 1 comprising braZing an 
assembly comprising said aluminium clad alloy. 

14. Amethod of use of an aluminium clad alloy according 
to claim 1 comprising braZing an assembly comprising said 
aluminium clad alloy in an inert atmosphere braZing process 
in the absence of a brazing-?ux material. 

15. The method of use according to claim 14, Wherein the 
aluminium clad alloy comprises, in Weight %, 

Si 2 to 18 

Bi 0.01 to 1.0 

elements other than aluminium, Si and Bi, each up to 
0.05%, total up to 0.20% 

balance aluminium. 
16. The method of use according to claim 14, Wherein the 

aluminium clad alloy comprises, in Weight %, 

Si 2 to 18 
Mg 0.5 to 8.0 
Bi 0.01 to 1.0 

elements other than aluminium, Si, Mg, and Bi each up to 
0.05%, total up to 0.20% 

balance aluminium. 
17. The method of use according to claim 14, Wherein the 

aluminium clad alloy comprises, in Weight %, 

Si 2 to 18, 
Zn up to 5.0, 
Bi 0.01 to 1.0, 

elements other than aluminium, Si, Zn, and Bi each up to 
0.05%, total up to 0.20% 

balance aluminium. 
18. The method of use according to claim 14, Wherein the 

aluminium clad alloy comprises, in Weight %, 
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Si 7 to 18 
Mg 0.5 to 2.5 
Bi 0.01 to 0.5 

elements other than aluminium, Si, Mg, and Bi each up to 
0.05%, total up to 0.20% 

balance aluminium. 
20. The method of use according the claim 14, Wherein 

the aluminium clad alloy comprises, in Weight %, 

Si 7 to 18 
Zn 0.5 to 3.0 
Bi 0.01 to 0.5 

elements other than aluminium, Si, Zn, and Bi each up to 
0.05%, total up to 0.20% 

balance aluminium. 
21. BraZing sheet product according to claim 1, Wherein 

said aluminium clad layer (2) contains by Weight Mg in an 
amount in the range of 0.2 to 2.0%. 

22. BraZing sheet product according to claim 1, Wherein 
the total of Bi, Pb, Li and Sb contained by said aluminium 
clad layer (2) is by Weight an amount in the range of i 1.0%. 

23. BraZing sheet product according to claim 1, Wherein 
said bonding layer (4) has a thickness of not more than 0.3 
pm. 

24. BraZing sheet product according to claim 1, Wherein 
said layer (3) comprising nickel has a thickness of not more 
than 1.0 pm. 

25. BraZing sheet product according to claim 1, Wherein 
the aluminium clad layer (2) alloy consists of, in Weight 
percent: 

Si 2 to 18 
Mg up to 8.0 
Zn up to 5.0 
Cu up to 5.0 
Mn up to 0.30 
In up to 0.30 
Fe up to 0.80 
Sr up to 0.20 

at least one element selected from the group consisting of: 

Bi 0.01 to 1.0 
Pb 0.01 to 1.0 
Li 0.01 to 1.0 
Sb 0.01 to 1.0 

Si 7 to 18 
Bi 0.01 to 0.5 

elements other than aluminium, Si and Bi each up to 
0.05%, total up to 0.20% 

balance aluminium. 
19. The method of use according the claim 14, Wherein 

the aluminium clad alloy comprises, in Weight %, 

impurities each up to 0.05, total impurities up to 0.20, 

balance aluminium. 
26. BraZing sheet product according to claim 25, Wherein 

said aluminium clad layer (2) contains by Weight Mg in an 
amount in the range of 0.2 to 2.0%. 

* * * * * 


