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(57) ABSTRACT 

A brazing product for ?uxless brazing comprises a substrate 
and a ?ller metal-forming composition applied to the sub 
strate. The substrate preferably comprises aluminum, an 
aluminum alloy or another metal and may include at least 
one layer of a ceramic, carbide or nitride. The ?ller metal 
forming composition comprises a liquid-forming layer com 
prising silicon and a braZe-promoting layer comprising one 
or more metals selected from the group comprising nickel, 
cobalt, palladium and iron. The liquid-forming layer com 
prises one or more material layers. Where the liquid-forming 
layer comprises a plurality of layers, it may include at least 
one layer consisting essentially of silicon. 
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LAYERED PRODUCTS FOR FLUXLESS BRAZING 
OF SUBSTRATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 10/300,854, ?led Nov. 21, 2002, noW pend 
ing; Which is a continuation-in-part of US. patent applica 
tion Ser. No. 09/990,507, ?led Nov. 21, 2001, Which issued 
as US. Pat. No. 6,815,086 on Nov. 9, 2004; both of Which 
are incorporated herein by reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The invention relates to the modi?cation of sub 
strates for the purpose of rendering the substrates brazeable 
in the absence of a brazing ?ux. 

BACKGROUND OF THE INVENTION 

[0003] Various methods of bonding substrates are knoWn 
in the prior art. One bonding method Which is used exten 
sively in the manufacture of heat exchanger assemblies is 
furnace brazing, most commonly by Controlled Atmosphere 
Brazing (CAB) and Vacuum Brazing (VB). Heat exchanger 
assemblies are characterized by a plurality of thin aluminum 
components Which are bonded together by brazing. At least 
some of these components may be comprised of an alumi 
num brazing sheet having an aluminum or aluminum alloy 
core layer provided on one or both sides With an aluminum 
silicon cladding layer. The cladding layer has a loWer 
melting point than the core layer and melts during brazing to 
form a ?ller metal Which ?oWs into the voids betWeen the 
components and solidi?es on cooling, thereby bonding the 
components together. 

[0004] Because sophisticated rolling mill practices are 
required to produce aluminum-silicon clad brazing sheet, 
this composite is more costly than conventional ?at rolled 
sheet and strip. Also, available alloy compositions are lim 
ited by mill product standardization, by casting limitations, 
or by scrap recovery considerations that affect the economy 
of the overall casting or mill operation. 

[0005] Conventional brazing alloys can be brazed in the 
absence of a brazing ?ux When at least one additional layer 
of a braze-promoting metal such as nickel, cobalt or iron is 
applied to the brazing sheet. Such braze-promoting layers 
are usually applied by electroplating, for example as dis 
closed in US. Pat. No. 4,028,200. If properly applied, the 
braze-promoter reacts exothermically With the underlying 
aluminum-silicon cladding alloy, and is believed to disrupt 
the aluminum oxide layer to permit the underlying alumi 
num metal to How together and join. HoWever, there are 
environmental hazards and liabilities associated With prior 
art Wet electroplating systems for deposition of ?uxless 
braze promoters. Furthermore, there are limitations on the 
range of material strip or component dimensions Which can 
be electroplated in high volume production. For example, 
the constraints of ?xed size plating cells limit the maximum 
plateable strip Width. 

[0006] There remains a need for layered products for 
?uxless brazing of substrates Which overcome the problems 
described above Which limit the usefulness of presently 
knoWn ?uxless brazing products. 
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SUMMARY OF THE INVENTION 

[0007] In one aspect, the present invention provides a 
brazing product for ?uxless brazing, comprising: (a) a 
substrate; and (b) a ?ller metal-forming composition applied 
to the substrate. The ?ller metal-forming composition forms 
a liquid ?ller metal When the brazing product is heated to a 
brazing temperature. The ?ller metal-forming composition 
comprises: (i) a liquid-forming layer comprising silicon, 
Wherein the silicon content of the liquid-forming layer is 
from about 20 to 100 percent by Weight; and (ii) a braze 
promoting layer comprising one or more metals selected 
from the group comprising nickel, cobalt, palladium and 
iron. 

[0008] In another aspect, the present invention provides a 
brazing product for ?uxless brazing, comprising: (a) a 
substrate; and (b) a ?ller metal-forming composition applied 
to the substrate. The ?ller metal-forming composition forms 
a liquid ?ller metal When the brazing product is heated to a 
brazing temperature. The ?ller metal-forming composition 
comprises: (i) a liquid-forming layer comprising silicon, 
Wherein the liquid-forming layer comprises one or more 
material layers, and Wherein at least one of said material 
layers consists essentially of silicon; and (ii) a braze-pro 
moting layer comprising one or more metals selected from 
the group comprising nickel, cobalt, palladium and iron. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIGS. 1 to 3 are photographs illustrating a brazed 
assembly according to a preferred embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0010] The present invention provides an in-situ ?ller 
metal forming material system that may eliminate the need 
for separately clad ?ller metal (or separately provided, for 
example as performs, etc.), While maintaining a ?uxless 
brazing method. The present invention also provides an 
adjustable material braze system, so that for example, braze 
?llet size or ?uidity may be adjusted according to the 
product requirements, or on different parts of the same 
product, for example opposite sides of the same brazing 
sheet. 

[0011] The inventors have also recognized that such a 
system can be applied to provide a range of ?ller metal 
compositions so that both loW braze temperatures and nor 
mal AliSi braze temperatures may be achieved in a ?uxless 
format. The ability to tailor the material system (?ller metal 
and braze promoters along With braze modi?ers, bonding 
layers, and temperature modi?ers) provides signi?cantly 
increased ?exibility in application to aluminum alloy sys 
tems that are either not noW brazeable, or not available in 
forms suitable for brazing. These includes for instance, high 
alloy content 7xxx, 2xxx, 6xxx or 8xxx series aluminum, or 
aluminum castings and die-castings. Speci?c alloys to Which 
a silicon liquid-forming layer has been applied include 3003, 
5052 (2.8% Mg) and 1100 alloys. The adjustable braze 
response characteristics are applicable to demanding prod 
uct applications, such as internal joints of heat exchangers, 
or brazing of intricate ?oW ?eld channels formed in metal 
plate fuel cell engines. 
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[0012] The inventors have developed deposition methods 
and layered brazing products, as Well as ancillary methods 
to enable the practical achievement of “dry” material clean 
ing methods to alloW preferred inline deposition processes. 
Successfully demonstrated dry cleaning techniques such as 
plasma or ion-cleaning are important steps in minimizing the 
environmental impact of the brazing process, and have been 
demonstrated to be practical as Well. 

[0013] The ?uxless brazing products according to the 
invention begin With a substrate, Which may preferably 
include at least one layer comprised of pure aluminum or 
any aluminum alloy; at least one layer comprised predomi 
nantly of a metal other than aluminum, hereinafter referred 
to as a “dissimilar metal”; or at least one layer comprised of 
a ceramic, carbide or nitride material. In addition, the 
substrate may comprise any of the materials speci?cally 
disclosed in Us. Pat. No. 6,815,086 and Us. Publication 
No. 2003/0155409, incorporated herein by reference in their 
entireties. 

[0014] The substrate preferably includes a layer of a metal 
selected from the group comprising aluminum, an aluminum 
alloy and a dissimilar metal. This layer forms an outermost 
layer of the substrate upon Which the other layers of the 
product, described beloW, are deposited. Speci?c examples 
of substrates are noW discussed in greater detail beloW. 

[0015] Where the substrate includes at least one layer 
comprised of an aluminum alloy, the alloy can comprise a 
conventional aluminum alloy employed in brazing such as 
AA3xxx-series alloys, or may comprise other alloys such as 
AAlxxx, M2xxx, M4xxx, AA5xxx, AA6xxx, AA7xxx and 
AA8xxx-series alloys or aluminum casting alloys. Examples 
of speci?c aluminum alloy substrates include AAlxxx 
series aluminum alloys such as AA1100, AA3xxx-series 
aluminum alloys such as AA3003, as Well as AA5xxxx and 
M6xxx series aluminum alloys. In the case of 5xxx or 
6xxxx-series aluminum alloys, Which contain 1 or 2% or 
even 3% magnesium, the diffusion of magnesium from the 
core into the coating may be exploited to assist in the braze 
reaction, provided that a coating system using nickel as a 
topcoat braze promoter is employed. The small amounts of 
magnesium that can diffuse into the liquid ?ller metal during 
brazing may assist the braze-promoting reaction of nickel in 
this case, since magnesium itself is a braze promoter and the 
inventors have discovered that the use of nickel braze 
promoters can provide a synergistic bene?t With materials 
containing small amounts of magnesium. 

[0016] Dissimilar metals for use in the substrate include 
one or more of the folloWing: copper and copper alloys such 
as bronze and brass; titanium and titanium alloys; steels such 
as high strength steel, loW carbon steel, stainless steel, and 
nickel alloy steel; and nickel and nickel alloys. These 
dissimilar metals may preferably be coated With aluminum, 
nickel or titanium. For example, copper and copper alloys 
may preferably be coated With aluminum, titanium, or alloys 
of aluminum or titanium; and steels may preferably be 
coated With nickel or alloys thereof. 

[0017] The substrate may include one or more layers of a 
ceramic, carbide or nitride material. Examples of ceramics 
include alumina and zirconia. An example of a carbide is 
silicon carbide and an example of a nitride is silicon nitride. 
These materials may form part of a layered structure, for 
example in combination With one or more layers of alumi 

May 18, 2006 

num, aluminum alloys, steel, or composite materials. 
Examples of this type of substrate are described in Us. Pat. 
No. 4,602,731 issued on Jul. 29, 1986 to Dockus, Which is 
incorporated herein by reference in its entirety. 

[0018] In the case of substrates containing large amounts 
of alloying elements, such elements might be expected to 
diffuse to the surface during brazing and have deleterious 
effects. As discussed in greater detail beloW, these substrates 
can be exploited according to the invention by depositing or 
providing suitable barrier coatings, Which may include alu 
minum or titanium, etc. In highly-alloyed aluminum sub 
strates such as high zinc 7xxx, or aluminum-lithium 2xxx or 
8xxx alloys, a suitable loW temperature ?ller metal system 
may be needed to accommodate the depressed melting 
temperature ranges of these alloyed materials. 

[0019] In the products according to the present invention, 
a ?ller metal-forming composition is applied on top of the 
substrate, and is preferably applied on top of an outermost 
metal layer of the substrate. The ?ller metal-forming com 
position is comprised of a liquid-forming layer and a braze 
promoting layer. The ?ller metal-forming composition, and 
speci?cally the liquid-forming layer, forms a liquid ?ller 
metal When the brazing product is heated to a brazing 
temperature. It Will be appreciated that the substrate may 
also participate to some extent in the formation of the ?ller 
metal, although this is not necessarily the case. For example, 
the substrate may combine With the liquid-forming layer to 
form a liquid ?ller metal having a melting temperature loWer 
than that of the substrate. Therefore, Where the metal sub 
strate comprises aluminum or an aluminum alloy, the liquid 
forming layer is preferably comprised of at least one element 
Which forms a eutectic With aluminum, most preferably 
silicon. As further discussed beloW, the provision of a barrier 
coating betWeen the substrate and the liquid-forming layer 
may prevent the substrate from participating to any signi? 
cant extent in the formation of the ?ller metal. 

[0020] The liquid-forming layer preferably comprises 
from about 20 to 100 percent by Weight silicon. More 
preferably, the loWer limit of silicon content in the liquid 
forming layer is about 30 percent by Weight, and even more 
preferably about 50 percent by Weight. The content of 
silicon in the liquid-forming layer may for example be from 
about 90 to about 100 percent by Weight. Moreover, the 
liquid-forming layer preferably forms the bulk of the ?ller 
metal-forming composition, such that above-stated compo 
sitions of the liquid-forming layer generally apply also to the 
the ?ller metal-forming composition as a Whole. 

[0021] The liquid-forming layer may comprise a single 
material layer or may preferably comprise a plurality of 
material layers of the same or different composition. Accord 
ing to one preferred embodiment of the invention, the 
liquid-forming layer is comprised of at least one material 
layer Which is comprised of at least 50 percent by Weight 
silicon. More preferably, the liquid-forming layer is com 
prised of at least one material layer Which consists essen 
tially of silicon, preferably having a silicon content in an 
amount from about 90 to 100 percent by Weight, more 
preferably from about 95 to 100 percent by Weight. 

[0022] The overall thickness of the liquid-forming layer 
can be varied Within a broad range, and is typically from less 
than about 1 um to about 50 pm or higher. In some preferred 
embodiments of the invention, the thickness of the liquid 
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forming layer is from about 1 pm to about 30 um, and is 
typically in the range from about 3 pm to about 20 pm, for 
example about 5 pm to 10 um. 

[0023] The individual material layers making up the liq 
uid-forming layer and the ?ller metal-forming composition, 
including silicon-containing layers, may preferably be 
deposited by physical vapor deposition (PVD) in one or 
more steps, although it may be preferred to use other source 
options, as further discussed beloW. PVD is understood to 
include sputtering, including magnetron sputtering; electron 
beam (EB) evaporation; and cathodic arc deposition. For 
practical bene?ts such as rates of deposition, EB coating 
methods are preferred. Cathodic arc is another commercial 
PVD system, Which may be suitable for certain metals. 

[0024] In preparing layered products according to the 
present invention, it may be preferred to use a combination 
of source types, depending on the speci?c metals being 
deposited. For example, EB-evaporation is likely best for 
silicon, but may or may not be best for other metals such as 
lead or bismuth. HoWever, comparatively little lead is 
required, so a sputtered rate may be acceptable, and more 
ef?cient use of the lead might be possible. Nickel or other 
metals such as palladium likeWise do not require much 
thickness and other source options might be possible, 
although EB-evap may still be preferred. Sputtering of top 
layers may help to hold temperature of the sheet doWn and 
it puts less material on the chamber Walls and more on the 
substrate. Other source options include electroplating, elec 
troless plating, roll bonding, thermal spraying, kinetic 
energy metalliZation (KEM), continuous casting, plasma 
spraying, and chemical vapor deposition (CVD) or other 
techniques for depositing metals or metal alloys from a gas 
or vapor phase, although some of these methods may be 
impractical or dif?cult to control for some substrates. 

[0025] In preferred embodiments of the invention Where a 
silicon coating serves as the liquid-forming layer, the thick 
ness of the silicon coating Will preferably be from about 3 to 
about 20 microns, more preferably from about 5 to about 10 
microns, When combined With the braZe promoters 
described beloW. Where braZe promoters are not used, a 
thicker silicon coating may be necessary to obtain equivalent 
braZe quality; equivalent braZe quality may be unachievable; 
or a braZing ?ux may become a necessary compensator. 
Similarly, in combination With other eutectic formers it may 
be possible to use thinner silicon coatings; hoWever it may 
be preferred that a silicon layer of about 1 micron is in 
contact With the nickel braZe promoter. 

[0026] The coated substrate is provided With one or more 
additional coatings comprised of braZe promoters and 
optional braZe modi?ers, usually after formation of the 
liquid-forming layer. An extremely thin (from <5 nm to 
about 50 nm) layer of braZe modi?er is preferably deposited 
at the interface of the liquid-forming layer and the braZe 
promoting layer. Preferred braZe modi?ers are selected from 
the group comprising bismuth, lead, lithium, antimony, 
magnesium, strontium and copper. Bismuth and lead are 
preferred Where the liquid-forming layer comprises silicon 
and the braZe-promoting layer is nickel-based. The braZe 
modi?er acts as a Wetting agent Which enhances the Wetting 
and spreading characteristics of the ?ller metal. 

[0027] Too thick a layer of braZe modi?er may interfere 
With contact of the braZe-promoting and liquid-forming 
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layers. It may instead be preferred to locate the braZe 
modi?er layer at the interface betWeen the aluminum sub 
strate and the liquid-forming layer, although it can interfere 
With adhesion of the liquid-forming layer to the substrate. 
For example, Where the liquid-forming layer comprises 
silicon, an excessively thick braZe modi?er layer can cause 
peeling of the liquid-forming layer in some cases due to heat 
transfer to the aluminum substrate during deposition of the 
silicon, or due to the time of exposure to the electron-beam 
source, associated radiation from the vapor cloud, and the 
heat of condensation of the silicon vapor on the substrate. To 
prevent this, it may be preferred to apply the silicon and/or 
other elements making up the liquid-forming layer as a 
plurality of discrete material layers, With a cooling phase 
betWeen the deposition of each layer. In addition, provision 
may be made for substrate cooling during coating, for 
example by contact With chilled surfaces on the back side of 
the sheet being coated, Which is limited by thermal transfer 
of materials, contact time and geometry. 

[0028] Where lithium is used as a braZe modi?er, it may 
be added to replace or supplement another braZe modi?er 
such as lead, bismuth or antimony. Lithium may preferably 
be deposited in an alloyed form, such as aluminum-lithium, 
due its extreme reactivity, and is preferably present as an 
extremely thin aluminum-lithium layer Which may be 
located underneath or on top of the liquid-forming layer, but 
beloW the upper-most braZe promoter. If antimony is depos 
ited it may similarly be deposited as an alloy With aluminum 
or Zinc, or as a constituent of a Zinc-aluminum or aluminum 
Zinc alloy. 

[0029] Preferred braZe promoters include those described 
in US. Pat. No. 6,815,086 and US. Publication No. 2003/ 
0155409. For example, the braZe-promoting layer preferably 
comprises one or more metals selected from the group 
comprising nickel, cobalt, iron and palladium. More pref 
erably, the braZe-promoting layer is nickel-based, and may 
preferably comprise pure nickel or nickel in combination 
With one or more alloying elements and/or impurities 
selected from the group comprising cobalt, iron, lead, bis 
muth, magnesium, lithium, antimony and thallium. Particu 
larly preferred alloying elements include the braZe modi?ers 
bismuth, lead, antimony and thallium. Speci?c examples of 
nickel-based braZe-promoting layers are nickel, nickel-bis 
muth, nickel-lead, nickel-cobalt, nickel-iron, nickel-bis 
muth-cobalt, nickel-lead-cobalt, nickel-lead-bismuth and 
nickel-bismuth-antimony, With the elements making up the 
braZe promoting layer being listed in descending order 
according to their relative amounts. 

[0030] In some preferred embodiments of a nickel-based 
braZe-promoting layer, lead and/ or bismuth are present in an 
amount of up to about 10%, preferably up to about 5%, and 
more preferably up to about 3%, although loWer amounts 
and even trace amounts of these elements may also have a 
bene?cial effect. For example, amounts of lead or bismuth as 
loW as up to about 1.0%, about 0.01 to 1.0%, or about 0.01 
to 0.05% may be bene?cial. 

[0031] The braZe-promoting layer may be applied by 
electroplating, electroless plating, roll bonding, thermal 
spraying, plasma spraying, KEM, continuous casting, CVD, 
PVD or other techniques for depositing metal or metal alloys 
from a gas or vapor phase, subject to the above comments 
that some of these methods may be impractical or dif?cult to 
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control. Electroplating using the conditions and plating 
baths disclosed in Us. Pat. No. 6,815,086, U.S. Publication 
No. 2003/0155409 and Us. Pat. No. 4,028,200 (incorpo 
rated herein by reference in its entirety) is a preferred 
method for applying the braZe-promoting layer to the coated 
substrate. Preferred electroplating solutions utiliZed in the 
plating of the braZe promoting layers include solutions of 
nickel sulfate, nickel chloride, sodium citrate, sodium glu 
conate, sodium acetate, ammonium chloride, ammonium 
sulfate, ammonium hydroxide and lead acetate. 

[0032] The braZe-promoting layer preferably has a thick 
ness of up to about 2.0 microns, more preferably up to about 
1.0 microns, even more preferably up to about 0.5 microns, 
for example about 0.05 to 0.5 microns. Apreferred minimum 
thickness of the braZe-promoting layer is about 0.25 to 0.30 
microns. 

[0033] The braZe-promoting layer typically has a thick 
ness Which is considerably less than that of the liquid 
forming layer such that the braZe-promoting layer makes up 
a minor, albeit important, component of the ?ller metal. In 
most situations, the braZe-promoting layer has a thickness 
Which is from about 1 percent to about 25 percent of the 
thickness of the liquid-forming layer, and Which is typically 
from about 3 to about 10 percent of the thickness of the 
liquid-forming layer. In terms of Weight percent, the braZe 
promoting layer preferably comprises less than 25 percent 
by Weight of the ?ller metal-forming layer, preferably less 
than 10 percent by Weight, and may preferably comprise 
from about 1-4 percent by Weight of the ?ller metal-forming 
layer. 
[0034] In order to promote adhesion of the liquid-forming 
layer to the substrate, a thin bonding layer may preferably be 
applied at the interface of the substrate and the liquid 
forming layer. For example, Where the liquid-forming layer 
comprises silicon (optionally in combination With alumi 
num), a thin layer of aluminum, silicon, Zinc or a Zinc 
aluminum alloy having a thickness of not more than about 
1 micron is preferably applied at the interface of the sub 
strate and the liquid-forming layer. Where the bonding layer 
contains Zinc, the Zinc may preferably be pre-alloyed With 
antimony or magnesium. 
[0035] The braZing product according to the invention 
may further comprise a thin, transient barrier coating Which 
is preferably applied at the interface betWeen the substrate 
and the liquid-forming layer or at the interface betWeen the 
substrate and the braZe-modi?er layer. It is believed that the 
barrier coating acts to temporarily restrict diffusion of the 
?ller metal (comprised of all layers deposited on the sub 
strate) to temporarily restrict diffusion of elements from the 
?ller metal into the aluminum substrate; or to limit diffusion 
of potentially deleterious elements from highly alloyed 
substrates into the liquid ?ller metal. 

[0036] The barrier coating preferably comprises one or 
more metals selected from nickel, titanium, tantalum, cop 
per, niobium, tin, lead, bismuth and aluminum. More pref 
erably, the barrier coating is comprised of nickel, nickel-lead 
or nickel-bismuth. Barrier coatings comprising copper, cop 
per-lead or copper-bismuth may also be preferred in some 
embodiments, either in addition to, or in substitution for, the 
nickel-based barrier coating. The barrier coating can pref 
erably be applied by electroless or electrolytic plating. 
[0037] After application of the barrier coating, topcoats of 
braZe modi?ers and/or braZe promoters Would be applied as 
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above. During braZing, the barrier coating is eventually 
consumed so that eventual alloying With the aluminum core 

may occur, While permitting most of the liquid ?ller metal to 
remain liquid to effect the braZe joint. If the barrier coating 
is required to prevent migration of species from the substrate 
into the liquid-forming layer or vice versa, the liquid 
forming layer Will need to be provided With additional 
material layers so that it can form its oWn liquid Without 
access to the substrate, and a thicker or more resistant barrier 

coating may then be used. 

[0038] In one preferred embodiment of the invention, the 
liquid-forming layer comprises silicon in combination With 
aluminum. According to this embodiment, the substrate is 
coated With an alloy containing silicon and aluminum (eg. 
aluminum-silicon or silicon-aluminum) or sequential thin 
layers of aluminum and silicon are deposited to create a 
desired composition of ?ller metal. Experiments suggest that 
a thin, initial layer of aluminum or silicon, having a thick 
ness of not more than about 1 micron, is preferred for 
adhesion of liquid-forming layers comprised of silicon and 
aluminum, as Well as for those comprised predominantly or 
entirely of silicon. Similarly, a thin layer of silicon is 
preferably applied immediately under the subsequently 
applied braZe modi?er or braZe promoter. A bene?t of the 
sequential thin-layered approach is that heating and the 
stress build-up in the coating from the rate-determining 
silicon deposition step is reduced. A thin layer of Zinc, or an 
aluminum-Zinc alloy, may be substituted for the 1 micron 
preferred Al or Si bonding layer or interlayer. 

[0039] In another preferred embodiment of the invention, 
a silicon and aluminum-containing liquid-forming layer is 
deposited as a pre-formed alloy of silicon and aluminum, for 
example an aluminum-silicon or silicon-aluminum alloy, 
Wherein the elements making up the liquid-forming layer are 
listed in descending order according to their relative 
amounts. Where a pre-formed alloy is being used, it may be 
preferable to deposit a hypereutectic composition, ie in the 
range 12-20 percent by Weight silicon, or preferably greater 
than 20 percent by Weight silicon, With suitable provisions 
made to compensate for unequal deposition rates of the 
tWo-phase alloy. It Will be appreciated that other alloy 
additions such as magnesium or copper may be added to the 

alloy to achieve ternary or quaternary, etc., alloy composi 
tions. In an alternate embodiment, Zinc, Zinc-aluminum or 
aluminum-Zinc may be deposited in conjunction With the 
silicon coating, and the Zinc may be prealloyed With anti 
mony or magnesium. 

[0040] In yet another preferred embodiment of the inven 
tion, a layer of Zinc, Zinc-aluminum or aluminum-Zinc is 
provided in addition to a liquid-forming layer comprising 
silicon and the braZe promoters. This additional layer may 
preferably be located underneath the liquid-forming layer or 
immediately on top of it. Alternatively, the silicon of the 
liquid-forming layer could be pre-alloyed With Zinc, Zinc 
aluminum or aluminum-Zinc. The use of lead or bismuth as 

braZe modi?ers and the use of nickel braZe-promoting layers 
may enhance the performance of these alloys. 
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EXAMPLE 1 

[0041] The method according to the invention Was applied 
as follows: 

Substrate: AA3003 plate (coupon), AA3003 tube. 

Cleaning method: caustic cleaned plate; i.e. etch, rinse, 
desmut, rinse, dry. 
Coating sequence: 3.4 pm Al/0.9 um Si/3.4 um Al/0.9 um 
Si/3.4 um Al/l.25 um Si/0.005 um Pb/l.5 um Ni. 

BraZe Quality Very Good (Good to excellent based on 4 
samples run per test) 

[0042] Purpose of this coating sequence: 1) to deposit an 
aluminum-silicon alloy on the surface of the substrate, using 
a sequential layer approach. This approach reduces stress in 
each coating layer, and theoretically reduces reaction dis 
tance betWeen silicon and aluminum, for melting. It Was 
found that as far as braZing goes, it does not make much 
difference Whether aluminum and silicon are applied in 
sequence, or just one layer of silicon in contact With the 
aluminum substrate, as long as the silicon layers are not too 
thick. 

[0043] Preferably, the last layer deposited is silicon, then 
a very thin layer of braZe modi?er (preferably lead or 
bismuth) is applied, folloWed by the braZe promoter, pref 
erably nickel. This is a particularly preferred embodiment. 
Furthermore, it is preferred that the nickel be essentially in 
contact With the silicon, such that the very thin layer of lead 
or bismuth does not degrade contact betWeen the nickel and 
silicon, and in fact it is speculated that the loW melting 
bismuth or lead may actually improve contact during braZ 
mg. 

[0044] FIG. 1 illustrates the braZed plate and tube com 
bination, at a magni?cation of 3-4><. The tube is 0.75" in 
diameter. FIG. 2 illustrates a cross-section through the tube 
Wall to plate joint, at a magni?cation of 38x. There is 
excellent Wetting and ?llet formation from the in-situ 
formed eutectic. FIG. 3 illustrates a cross-section of the 
layered deposit, in the as-deposited condition, i.e. prior to 
braZe. It is possible to resolve the individual layers shoWn in 
FIG. 3, With nickel on the outermost (upper) surface. 

EB EXAMPLES 2-12 

[0045] Coating of the substrates Was carried out by pre 
treating approximately 4"><4" coupons of the target substrate 
through various means including (a) solvent degreasing, (b) 
caustic cleaning, Whereby the coupon is immersed in 100% 
Oakite 360 etch solution for approximately 45 seconds, tap 
Water rinsed, deoxidiZed in Oakite 125 for 10 seconds, tap 
Water rinsed and dried, (c) mechanical brush cleaned With 
3M 7A brushes, (d) sputtering With an inert gas in vacuum, 
(e) ion etching. Multilayer coatings Were applied to the 
target surface through electron beam physical vapour depo 
sition of variously prepared sources. The coupons Were 
divided into four approximately equal samples and assessed 
through braZing. 
[0046] Coating thicknesses Were assessed using a deposi 
tion rate detector as Well as microscopic (SEM) assessment 
of metallurgical sections. 

[0047] BraZe tests Were carried out to demonstrate the 
effectiveness of the coating on a target substrate sheet. In 
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each test, braZe quality Was determined by placing the ?at, 
cut end of an AA3003 O-temper aluminum tube [0.65" 
ID><0.75" OD, cut to 0.5" length and ground ?at on a 
l.5"><l.5" coupon of target substrate sheet and heating the 
arrangement in a preheated fumace in a ?oWing nitrogen 
atmosphere to approximately 11000 F. for a dWell time of 
approximately 1 minute at maximum temperature. BraZe 
quality Was reported as excellent, very good, good, fair and 
poor based on visual attribute data such as ?llet siZe, Wetting 
characteristics, surface appearance, lustre, etc. 

EXAMPLE 2 

[0048] AA5052 sheet samples Were prepared through (a) 
sputter cleaning and (b) mechanical brushing folloWed by 
deposition of 16 um silicon to the target interface, incre 
mental deposition to the neWly formed surface of 0.03 pm 
lead then 1 pm nickel. The coated sheet samples Were 
subdivided into four coupons each for individual braZe 
assessment. Both sets of coupons exhibited an excellent 
braZe. 

EXAMPLE 3 

[0049] An AA3003 sheet sample Was prepared through 
caustic etching folloWed by deposition of 16 um silicon to 
the target interface, incremental deposition to the neWly 
formed surface of 0.03 pm lead then 1.0 pm nickel. The 
coated sheet sample Was subdivided into four coupons for 
individual braZe assessment. All coupons exhibited an excel 
lent braZe. 

EXAMPLE 4 

[0050] An AA3003 sheet sample Was prepared through 
caustic etching folloWed by deposition of 16 um silicon to 
the target interface, incremental deposition to the neWly 
formed surface of 0.037 um bismuth then 1.0 pm nickel. The 
coated sheet sample Was subdivided into four coupons for 
individual braZe assessment. Three coupons exhibited an 
excellent braZe, While one exhibited a good braZe. 

EXAMPLE 5 

[0051] AA3003 sheet samples Were prepared through ion 
etching for (a) 20 minutes, (b) 30 minutes folloWed by 
deposition of 16 um silicon to the target interface, incre 
mental deposition to the neWly formed surface of 0.03 pm 
lead then 1.0 um nickel. The coated sheet samples Were 
subdivided into four coupons for individual braZe assess 
ment. The 20 minute etched coupons exhibited tWo excellent 
and tWo good braZed samples. The 30 minute etched cou 
pons exhibited three excellent and one good braZe. 

EXAMPLE 6 

[0052] An AA3003 sheet sample Was prepared through 
caustic etching folloWed by deposition of 28 um silicon to 
the target interface, incremental deposition to the neWly 
formed surface of 0.03 pm lead then 1.0 pm nickel. The 
coated sheet sample Was subdivided into four coupons for 
individual braZe assessment. All coupons exhibited an excel 
lent braZe. 

EXAMPLE 7 

[0053] AA3003 sheet samples Were prepared through 
caustic etching folloWed by deposition of 6 pm silicon to the 
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target interface, incremental deposition to the newly formed 
surface of 0.03 pm lead then (a) 0.05 pm nickel on one sheet 
and (b) 1.0 pm nickel on the second. The coated sheet 
samples Were subdivided into four coupons for individual 
braZe assessment. The 0.05 um coupons exhibited tWo 
excellent and tWo good braZed samples. The 1.0 um coupons 
all exhibited an excellent braZe. 

EXAMPLE 8 

[0054] AA3003 sheet samples Were prepared through 
caustic etching folloWed by deposition of 16 um silicon to 
the target interface, incremental deposition to the neWly 
formed surface of (a) no lead or nickel on the ?rst and (b) 
0.03 um lead then 1.0 um nickel on the second. The coated 
sheet samples Were subdivided into four coupons for indi 
vidual braZe assessment. The non-lead/nickel coupons 
exhibited tWo good, one fair and one poor braZed sample. 
The lead-containing sample exhibited tWo excellent and tWo 
good samples. 

EXAMPLE 9 

[0055] AA3003 sheet samples Were prepared through 
caustic etching folloWed by incremental deposition of alter 
nating layers of aluminum and silicon as folloWs 2.0 pm A1, 
1.8 pm Si, 4.0 pm A1, 1.8 pm Si, 4.0 pm Al, 1.75 pm Si pm 
to the target interface and subsequent deposition to the 
neWly formed surface of (a) 0.05 um nickel and (b) 0.01 pm 
lead then 0.5 pm nickel. The coated sheet samples Were 
subdivided into four coupons for individual braZe assess 
ment. Three of the non-leaded samples exhibited a fair braZe 
and one sample exhibited a poor braZe. The leaded samples 
all exhibited an excellent braZe. 

EXAMPLE 10 

[0056] An AA3003 sheet sample Was prepared through 
caustic etching folloWed by deposition of 10 um Zinc to the 
target interface, incremental deposition to the neWly formed 
surface of 0.25 pm nickel. The coated sheet sample Was 
subdivided into four coupons for individual braZe assess 
ment. All coupons exhibited fair braZe. 

EXAMPLE 11 

[0057] An AA3003 sheet sample Was prepared through 
caustic etching folloWed by deposition of 25 um Zinc to the 
target interface, incremental deposition to the neWly formed 
surface of 0.5 pm silicon and 0.25 pm nickel. The coated 
sheet sample Was subdivided into four coupons for indi 
vidual braZe assessment at 11000 F. Three coupons exhibited 
a good braZe. TWo coupons of the same composition Were 
braZed at 10000 F. and exhibited a good braZe. 

EXAMPLE 12 

[0058] An AA3003 sheet sample Was prepared by a novel 
combination of ion cleaning With oxygen for 3 minutes 
folloWed by a 30 minute ion etch then deposition of 5 pm 
silicon to the target interface, incremental deposition to the 
neWly formed surface of 0.03 pm lead then 1.0 pm nickel. 
The coated sheet sample Was subdivided into four coupons 
for individual braZe assessment. All coupons exhibited a 
very good braZe. 

[0059] Although the invention has been described in con 
nection With certain preferred embodiments, it is not limited 
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thereto. Rather, the invention includes all embodiments 
Which may fall Within the scope of the folloWing claims. 

What is claimed is: 
1. A braZing product for ?uxless braZing, comprising: 

(a) a substrate; and 

(b) a ?ller metal-forming composition applied to the 
substrate, Wherein the ?ller metal-forming composition 
forms a liquid ?ller metal When the braZing product is 
heated to a braZing temperature, and Wherein the ?ller 
metal-forming composition comprises: 
(i) a liquid-forming layer comprising silicon, Wherein 

the silicon content of the liquid-forming layer is from 
about 20 to 100 percent by Weight; and 

(ii) a braZe-promoting layer comprising one or more 
metals selected from the group comprising nickel, 
cobalt, palladium and iron. 

2. The braZing product according to claim 1, Wherein the 
liquid-forming layer is applied on top of the substrate and 
the braZe-promoting layer is applied on top of the liquid 
forming layer. 

3. The braZing product according to claim 2, Wherein the 
substrate has an outermost metal layer on top of Which the 
braZe-promoting layer is applied. 

4. The braZing product according to claim 1, Wherein the 
substrate comprises at least one layer of aluminum or an 
aluminum alloy. 

5. The brazing product according to claim 4, Wherein the 
substrate comprises at least one layer of an aluminum alloy 
selected from the group consisting of AA1xxx, AA2xxx, 
AA3xxx, AA4xxx, AA5xxx, AA6xxx, AA7xxx and M8xxx 
series alloys, and aluminum casting alloys. 

6. The braZing product of claim 5, comprising an alumi 
num braZing sheet or an aluminum casting clad With said 
?ller metal-forming composition. 

7. The braZing product of claim 1, Wherein the substrate 
comprises at least one layer of a dissimilar metal selected 
from the group consisting of copper, copper alloys such as 
bronZe and brass, high strength steel, loW carbon steel, 
stainless steel, nickel alloy steel, titanium and titanium 
alloys. 

8. The braZing product of claim 7, Wherein said dissimilar 
metal layer is selected from the group consisting of copper, 
copper alloys, high strength steel, loW carbon steel, stainless 
steel, nickel alloy steel, and Wherein the dissimilar metal 
layer is coated or plated With a metal selected from the group 
consisting of aluminum, titanium and nickel. 

9. The braZing product of claim 1, Wherein the substrate 
includes at least one layer comprising a ceramic, a carbide 
or a nitride. 

10. The braZing product of claim 1, Wherein the liquid 
forming layer is comprised of a single material layer. 

11. The braZing product of claim 1, Wherein the liquid 
forming layer is comprised of a plurality of material layers 
having the same or different composition. 

12. The braZing product of claim 1, Wherein the liquid 
forming layer has a thickness of from about 1-50 um. 

13. The braZing product of claim 1, Wherein the liquid 
forming layer has a thickness of from about 1-30 um. 

14. The braZing product of claim 1, Wherein the liquid 
forming layer has a thickness of from about 10-20 pm. 

15. The braZing product of claim 1, Wherein the liquid 
forming layer has a thickness of from about 5-10 um. 



US 2006/0102696 A1 

16. The brazing product of claim 1, wherein the liquid 
forming layer comprises at least 30 percent by Weight 
silicon. 

17. The brazing product of claim 1, Wherein the liquid 
forming layer comprises at least 50 percent by Weight 
silicon. 

18. The brazing product of claim 1, Wherein the liquid 
forming layer comprises from about 90-100 percent by 
Weight silicon. 

19. The brazing product of claim 1, Wherein the liquid 
forming layer further comprises aluminum. 

20. The brazing product of claim 19, Wherein the liquid 
forming layer comprises a plurality of material layers com 
prising aluminum and a plurality of material layers com 
prising silicon, Wherein the aluminum and silicon layers are 
arranged in alternating orders Within the liquid-forming 
layer. 

21. The brazing product of claim 20, Wherein an outer 
most one of said alternating layers, Which is applied directly 
under the braze-promoting layer, comprises silicon. 

22. The brazing product of claim 21, Wherein said outer 
most silicon layer has a thickness of about 1 pm. 

23. The brazing product of claim 19, Wherein the liquid 
forming layer includes at least one layer Which comprises an 
alloy of silicon and aluminum. 

24. The brazing product of claim 23, Wherein the alloy of 
silicon and aluminum further comprises one or more metals 
selected from the group consisting of magnesium, zinc and 
copper. 

25. The brazing product of claim 1, Wherein the braze 
promoting layer comprises nickel. 

26. The brazing product of claim 25, Wherein the braze 
promoting layer further comprises one or more alloying 
elements selected from the group comprising cobalt, iron, 
lead, bismuth, magnesium, lithium, antimony and thallium. 

27. The brazing product of claim 25, Wherein the braze 
promoting layer comprises a nickel-based alloy selected 
from the group consisting of nickel-bismuth, nickel-lead, 
nickel-cobalt, nickel-bismuth-cobalt, nickel-lead-cobalt, 
nickel-lead-bismuth and nickel-bismuth-antimony. 

28. The brazing product of claim 1, Wherein the braze 
promoting layer has a thickness of 0.05 to about 1.0 microns. 

29. The brazing product of claim 1, Wherein the ?ller 
metal-forming composition further comprises a braze modi 
?er layer located at an interface betWeen the liquid-forming 
layer and the braze-promoting layer or at an interface 
betWeen the substrate and the liquid-forming layer, Wherein 
the braze modi?er layer comprises one or more metals 
selected from the group consisting of bismuth, lead, lithium, 
antimony, magnesium, strontium and copper. 

30. The brazing product of claim 29, Wherein the braze 
modi?er layer has a thickness of from about 5 to 50 
nanometers. 

31. The brazing product of claim 29, Wherein the braze 
promoting layer comprises nickel and Wherein the braze 
modi?er layer comprises bismuth or lead. 

32. The brazing product of claim 29, Wherein the braze 
modi?er layer comprises lithium Which is deposited in the 
form of an aluminum-lithium alloy. 
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33. The brazing product of claim 29, Wherein the braze 
modi?er layer comprises antimony Which is deposited in the 
form of an alloy With aluminum or zinc. 

34. The brazing product of claim 1, Wherein the ?ller 
metal-forming composition further comprises a bonding 
layer Which is located at an interface betWeen the substrate 
and the liquid-forming layer, and Wherein the bonding layer 
comprises one or more elements selected from the group 

consisting of aluminum, zinc and silicon. 
35. The brazing product of claim 34, Wherein the bonding 

layer has a thickness of about 1 micron. 

36. The brazing product of claim 1, further comprising a 
barrier coating to temporarily restrict diffusion of silicon 
from the liquid-forming layer into the substrate, Wherein the 
barrier coating comprises one or more elements selected 
from the group consisting of nickel, titanium, tantalum, 
copper, niobium, tin, lead, bismuth and aluminum, and 
Wherein the barrier coating is located betWeen the substrate 
and the liquid-forming layer. 

37. The brazing product of claim 1, Wherein the braze 
promoting layer has a thickness of no more than 25 percent 
of a thickness of the liquid-forming layer. 

38. The brazing product of claim 1, Wherein the braze 
promoting layer comprises no more than 25 percent by 
Weight of the ?ller metal-forming composition. 

39. The brazing product of claim 1, Wherein the silicon 
content of the ?ller metal-forming composition as a Whole is 
not less than about 20 percent by Weight. 

40. A brazing product for ?uxless brazing, comprising: 

(a) a substrate; and 

(b) a ?ller metal-forming composition applied to the 
substrate, Wherein the ?ller metal-forming composition 
forms a liquid ?ller metal When the brazing product is 
heated to a brazing temperature, and Wherein the ?ller 
metal-forming composition comprises: 

(i) a liquid-forming layer comprising silicon, Wherein 
the liquid-forming layer comprises one or more 
material layers, and Wherein at least one of said 
material layers consists essentially of silicon; and 

(ii) a braze-promoting layer comprising one or more 
metals selected from the group comprising nickel, 
cobalt, palladium and iron. 

41. The brazing product of claim 40, Wherein the liquid 
forming layer comprises a plurality said layers consisting 
essentially of silicon. 

42. The brazing product of claim 40, Wherein said at least 
one layer consisting essentially of silicon has a silicon 
content of from about 90-100 percent by Weight. 

43. The brazing product of claim 40, Wherein said at least 
one layer consisting essentially of silicon has a silicon 
content of from about 95-100 percent by Weight. 


