1 Description Nickel-based brazing alloy and method for brazing The
invention relates to a nickel-based braiing alloy and to a method for brazing
two or more components. Soldering is a method for joining metal or ceramic
components with the aid of a molten filler material identified as solder.
D&}sesithtignon the processing temperature of the solder, a distinction is made
between soft soldering and brazing, the processing temperature typically
exceedlng the liquidus temperature of the solder by 10C to 50C. While soft
saieel-brsed-Bactkallay Audhmeraed Aok et 450C, brazing alloys are

processed at temperatures above 450C. Brazing alloys are used in
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by means of Ni-based brazing alloys. The corrosion resistance of the joints
produced by means of the brazing alloy is a critical criterion in many
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alloy can result in Cr-B an ases in the brazed seamor in the
palBHtRYARTAlING FEwHatErs ary/ kﬁff%w%e mechanical strength of the joint.
2 To reduce the chromium content and to solve these problems, WO
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remains iron-free. A dlsadvantage of these brazing alloys, however, lies in
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corrosion res tance, which |s al% cost-effective. According to the invention,
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atéifeRaYh a8 odtbmic %; then 0.5 atomlc % d <3 atomic %, and if a=0, then
0.5 atomic % d 5 atomic % is provided. Two alternative compositions are,
therefore, provided. In the first embodiment, the brazing alloy comprises iron
and a copper content in the range 0.5 atomic % d <3 atomic %. In the second
embodiment, the brazing alloy is iron free. In this embodiment, a slightly
higher copper content may be provided so that the copper content may in the
range 0.5 atomic % d 5 atomic %. However, a preferred 3 copper range for
the iron-free brazing alloy is 0.5 atomic % d <3 atomic % as in the
iron-containing first embodiment. By the term "consisting essentially of', it is
to be understood that the brazing alloy may contain trace amounts of
unavoidable impurities. Typical impurities may be the elements Al, S, Se, Ti



This good corrosion resistance is furthermore retained even at an iron
content up to 50 atomic %. This further,reduces raw material costs, since
nickel is partially replaced by iron Whic?u is cheaper than nickel. These
compositions are particularly suitable for applications where the cost of the
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an addition of 0.5 to 3 atomic % of copper to improve corrosion resistance.
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application in highly aggressive media, such as heat exchangers for internal
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also exhibit a good corrosion resistance in these aggressive media. Further
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avoided. In contrast to a_ composition with an increased chromium content,
thEEHSRNSMELEIRIRTSA O1MIts Kaeea47 i do ademsPh & MsHiIasH Enaxgidig media
inereRion g iokasi lgrale ’iowremehinis 511 8BS 38 GoesyipghtasNesatintet O f
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'BRNG TS britte phases is avoided both in the brazed seam and in the
parent material. A good corrosion resistance is provided by the addition of Mo
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the invéntion has a |Iqéj_ldu_s temperature of less than 1 This is
deEOFIeN FStise BIFh a0 P EraZRsY e mperature for many industrial
processes, in particular for joining stainless steel parent materials, is limited
to rgximately .1200C. As a rule, prazipg temperature is.kept as low as
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critical for many technological applications such as heat exchangers. This
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a maximum ering temperatu're Imited to 1200C. It provides for a reliable
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and glass-forming elements and permit the production of the brazing alloy as

anryafehRtse dosbiesitihAkighasepitent pithestelpriensdendstarR

reduction of melting or liquidus temperature. If the content of glass-forming
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the foilg.become brittle and can no longer be processed for technaological
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properties. A high B content results in the separation of B hard phases,
leading to a deterioration of the mechanical properties of the brazed joint.
Boron reacts with chromium, likewise resulting in a noticeable reduction of
corrosion resistance. A high Si content results in the formation of undesirable
Si hard phases in the brazed seam, which likewise reduces the strength of
the soldered seam. The brazing alloy according to any of the embodiments
described above can be provided as a paste or as an amorphous, ductile




The brazed seam produced with an amorphous, ductile brazing alloy foil
differs from a brazed seam produced l:g/ means of a crystalline powder in the
size of the B and Si hard phases. A method for joining two or more
components, which comprises the following steps, is provided. A brazing
alkegpperdendintptihaipofrdedszibodiloein. detumisdd alsbve ricappliéds in
betﬂ’é’%ﬂ-%ﬁ’té?ﬁiﬂboﬁ‘?spér%%dﬂﬁéﬁ‘ﬂ. components to be joined. The components
to be joined have™a higher melting temperature than the brazing alloy and
may be made of stainless steel or an Ni or Co alloy. The brazing composite is
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alloy foll according to any of the embodiments described above is applied
between two or more of the metal components to be joined. The components
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exchanger or exhaust gas recirc cooler or components of a fue
These products require a reliable brazed joint which is completely leak-proof,
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mechanically stable and therefore reliable. The brazing, alloy foils accordin
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brazed object is designed for use in a reductive or oxidising acidic medium, in
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oxidiging acidisioneelistanoé.an internal combustion engine. The brazing alloys
according to the invention are produced as amorphous, homogeneous and
ductile brazing alloy foils in a rapid solidification process in one embodiment
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FeaNinesiCrbI\_/IocC_udSierPgI, wherein Q atomic % a 50 atomic %; 5 atomic
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temperature between 100C and 300C and directly wound to form a so-called
coif SRR BRSO BT S R b OIBR ST OTIE RNt BXRRRIBSAIAG IR foil.
Inexdhatigersrimativodnaovonpiectia beaileg, alleyefaylgyrasty o sed itoajeigeiwaied.
more components by adhesive force, the method comprising the following
steps: Provision of a melt of FeaNiR"tCrbMocCudSieBfPg, consisting
essentially of FeaNinesiCrblVlocCudSieBfPg, 8 wherein 0 atomic % a 50
atomic %; 5 atomic % b 18 atomic %; 0.2 atomic % < ¢ 3 atomic %; 4 atomic
% e 15 atomic %; 4 atomic % < f < 15 atomic %; 0 atomic % g 6 atomic %;
rest Ni, and wherein if 0 atomic % <a 50 atomic %; then 0.5 atomic % d <3
atomic %, and if a=0, then 0.5 atomic % d 5 atomic %. Production of an
amorphous brazing alloy foil by rapid solidification of the melt on a moving
cooling surface at a rate of more than approximately 105 Formation of a



Heating of the brazing composite to a temperature above the liquidus
temperature of the brazing alloy foil; Cgoling of the brazing composite
accompanied by the formation of a joint between the metal components to be
joined. The process of joining by adhesive force as described above involves
brabfngpodteptrasiaiclesistrace af thfl Gyeabeciliey acandingve oy emtihiss

capaRic.alRIed Heine-Re dashhrAreshisi s withesib Aol NE: b ttheT he
liquidus temperature of the brazing alloy according to the invention js less
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joints of a second basic composition with various Mo additions; illustrates the
weight loss in a corrosion test on stainless steel samples with brazed joints of
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brazed joints of a second basic composition with varying iron content. At least
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resistance of brazed seams with additions of Cu, Mo or a combination of Cu
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the foil.arg li [Py J |5 first embodiment, the brazing alloy foils
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and 12.8 atomic % B, the rest being nickel. Further foils were produced with
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molybdenum and a third foil 1 atomic % of molybdenum and 2 atomic % of
copper. Stainless steel samples (316L, 1.4404), wherein_a base plate is
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medium with pH < 2 and 5042, 10 NO3 and C1 ions at 70C. The weight loss
of the various samples after 720 hours of exposure is shown in Figure 1.
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joint produced without Mo and Cu. The lowest weight loss and therefore the
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elements is too high, the foils become brittle and can no longer be processed for

technological applications.



In a second embodiment, the influence of a combined addition of Mo and Cu
on the corrosion resistance of a secong basic composition was investigated.
In this second embodiment, a brazing alloy with a combination of Mo and Cu
additions was compared to copper-free brazing alloys with increasing Mo
content. At least partially amorphous brazing alloy foils were produced by
meapsehIpmtsatdificalianiessnalony: dnthie secenstamped Msiﬂ‘g‘f‘a

brazing alloy foils had a basic compaosition of 11 atomic % Cr, 35 atomi¢ %
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The second basic composition therefore contains significantly more iron than
theReSBLE e SABosition. Stainless steel samples were produced as in the
first embodiment, and corrosion resistance was tested as described above. In
the,second embodiment, the samples were,exposed for 864 hours
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both Mo and Cu cannot be reached by simply varying the molybdenum
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corrosion resistance of a third basic composition was investigated. At least
partially amorphous brazing alloy foils were produced by means of rapid
solichfie grithedeverriotoghrazingadayifdi binboti et prietetakdy inideatioyp fioild0Pad
a Q%%mposition of 11 atomic % Cr, 35 atomic % Ni, 11.5 atomic % Si and
7 atomic % B, the rest being iron. A copper-free foil was produced with 11
atomic % Cr, 35 atomic % Ni, 11.5 atomic % Si and 7 atomic % B with 1
atgmieeintedybd esiacibeliresiohringveationvalybsprodoedies dadsisvmie in
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alloys with Mo only. In a fourth embodiment, the corrosion resistance of at
least partially amorphous brazing alloy foils with a combination of 1 atomic %
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constant up to an Fe content of 50 atomic %. This offers the advantage that
nigkereanfifeatepiaded by hoatomin’artee eomemiol6E dedhriomiodhout
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be reduced. 12 Table 1 - Composition of the brazing alloy foils of the first
embodiment No. Ni (at. %) Fe (at. %) Cr (at. %) Mo



(at. %) Cu (at. %) Si (at. %) B (at. %) 1* Rest 3.7 12.3 00 7.9 12.8 2* Rest
3.712.3027.912.8 6

In another embodiment, this brazed seam is produced using a brazing alloy of this
composition in the form of an amorphous, ductile brazing alloy foil. The heat
exchanger may have at least one brazed seam produced with a brazing alloy or an
amorphous, ductile brazing alloy foil according to any of the embodiments described
above. The brazed seam produced with an amorphous, ductile brazing alloy foil has a

thickness of at least 20 um.

The brazed seam produced with an amorphous, ductile brazing alloy foil differs from
a brazed seam produced by means of a crystalline powder in the size of the B and Si

hard phases.

A method for joining two or more components, which comprises the following steps,
is provided. A brazing alloy according to any of the embodiments described above is
applied between two or more of the metal components to be joined. The components
to be joined have a higher melting temperature than the brazing alloy and may be
made of stainless steel or an Ni or Co alloy. The brazing composite is heated to a
temperature above the liquidus temperature of the brazing alloy and then cooled while
a brazed joint forms between the components to be joined. The method may join the

components by adhesive force or cohesively.

A further method for joining two or more components, which comprises the following
steps, is provided. An amorphous, ductile brazing alloy foil according to any of the
embodiments described above is applied between two or more of the metal
components to be joined. The components to be joined have a higher melting
temperature than the brazing alloy foil and may be made of stainless steel or an Ni or
Co alloy. The brazing composite is heated to a temperature above the liquidus
temperature of the brazing alloy foil and then cooled while a brazed joint forms

between the components to be joined.

The components to be joined are preferably components of a heat exchanger or
exhaust gas recirculation cooler or components of a fuel cell. These products require a

reliable brazed joint which is completely leak-proof, resistant against corrosion at



3*Rest3.712.3107.912.84 Rest3.712.3127.912.8 not according to
the invention Table 2 - Composition of}he brazing alloy foils of the second
embodiment No. Ni (at. %) Fe (at. %)

elevated operating temperatures, mechanically stable and therefore reliable. The

brazing alloy foils according to the invention provide such a joint.

The brazing alloys and brazing alloy foils according to the invention can be used to
produce one or more brazed seams in an object. The brazed object may be a heat
exchanger, an exhaust gas recirculation cooler or a component of a fuel cell. In one
embodiment, the brazed object is designed for use in a reductive or oxidising acidic
medium, in another embodiment for use in a reductive medium and in yet another
embodiment for use in an oxidising acidic medium which further contains sulphate
and/or nitrate and/or chloride ions, or for use in a reductive or oxidising acidic

medium of an internal combustion engine.

The brazing alloys according to the invention are produced as amorphous, homo-

geneous and ductile brazing alloy foils in a rapid solidification process in one

embodiment of the method. For this purpose, a metal melt with the composition

FeaNirestCroMo.CugSieBsPy is provided, consisting essentially of
FeaNirestCroMocCugSieBPg,

wherein 0 atomic % < a < 50 atomic %; 5 atomic % <b < 18 atomic %; 0.2 atomic %

< ¢ < 3 atomic %; 4 atomic % < e < 15 atomic %; 4 atomic % < f < 15 atomic %; 0

atomic % < g < 6 atomic %; rest Ni, and

wherein if 0 atomic % < a < 50 atomic %; then 0.5 atomic % <d < 3 atomic %,

and if a=0, then 0.5 atomic % < d <5 atomic %.

This melt is sprayed through a casting nozzle onto a casting wheel or casting drum
and cooled at a rate of more than 10° °C/s. The cast strip is then typically removed
from the casting wheel at a temperature between 100°C and 300°C and directly
wound to form a so-called coil or wound onto a reel to provide an amorphous, ductile

brazing alloy foil.

In a further method, amorphous brazing alloy foils are used to join two or more

components by adhesive force, the method comprising the following steps:

- Provision of a melt of Fe;NirestCroMo.CugSieBPgy, consisting essentially of
FeaNirestCroMocCugSieB:Pg,



Cr (at. %) Mo (at. %) Cu (at. %) Si (at. %) B (at. %) 5* 35 Rest 11 0.5 0 11.5
76*35Rest111 8

wherein 0 atomic % < a < 50 atomic %; 5 atomic % <b < 18 atomic %; 0.2
atomic % < ¢ < 3 atomic %; 4 atomic % < e < 15 atomic %; 4 atomic % < f <15
atomic %; 0 atomic % < g < 6 atomic %; rest Ni, and

wherein if 0 atomic % < a < 50 atomic %; then 0.5 atomic % <d < 3 atomic %,
and if a=0, then 0.5 atomic % <d <5 atomic %.

- Production of an amorphous brazing alloy foil by rapid solidification of the
melt on a moving cooling surface at a rate of more than approximately 10°
°Cls;

- Formation of a brazing composite by applying the brazing alloy foil between
the metal components to be joined;

- Heating of the brazing composite to a temperature above the liquidus
temperature of the brazing alloy foil;

- Cooling of the brazing composite accompanied by the formation of a joint

between the metal components to be joined.

The process of joining by adhesive force as described above involves brazing with the
nickel brazing alloy according to the invention, which is capable of producing perfect

brazed joints without any joining faults.

The liquidus temperature of the brazing alloy according to the invention is less than
1200°C. The brazing alloy according to the invention can in particular be used to join
metal components made of stainless steel and/or nickel and/or Co alloys by adhesive
force. Such components typically include components used in heat exchangers or

related products and in exhaust gas recirculation coolers.

The invention is described in detail below with reference to embodiments and

comparative examples.

Figure 1  illustrates the weight loss in a corrosion test on stainless steel samples
with brazed joints of a first basic composition with additions of Mo and/or
Cu;



011.577*35Rest111.5011.57835Rest111211.57 notaccording to
the invention Table 3 - Composition oféhe brazing alloy foils of the third
embodiment No. Ni
Figure 2 illustrates the weight loss in a corrosion test on stainless steel samples
with brazed joints of a second basic composition with various Mo

additions;

Figure 3  illustrates the weight loss in a corrosion test on stainless steel samples
with brazed joints of a second basic composition with various Cu

additions; and

Figure 4  illustrates the weight loss in a corrosion test on stainless steel samples
with brazed joints of a second basic composition with varying iron

content.

At least partially amorphous nickel- and iron-based brazing alloy foils of various
compositions were produced in a rapid solidification process. The corrosion resistance
of brazed seams with additions of Cu, Mo or a combination of Cu and Mo was

compared to that of brazing alloy foils without molybdenum and copper.

In a first embodiment, the corrosion resistance of a combination of Mo and Cu
additions was compared to that of Mo only and Cu only in a first basic composition.
At least partially amorphous brazing alloy foils were produced by means of rapid

solidification technology. The compositions of the foil are listed in Table 1.

In this first embodiment, the brazing alloy foils had a composition of 12.3 atomic %
Cr, 3.7 atomic % Fe, 7.9 atomic % Si and 12.8 atomic % B, the rest being nickel.
Further foils were produced with 12.3 atomic % Cr, 3.7 atomic % Fe, 7.9 atomic % Si
and 12.8 atomic % B with additions of copper and/or molybdenum, the rest being
nickel. One brazing alloy foil contains 2 atomic % of copper, a second foil 1 atomic %
of molybdenum and a third foil 1 atomic % of molybdenum and 2 atomic % of

copper.

Stainless steel samples (316L, 1.4404), wherein a base plate is joined to two tube
sections, were brazed in a vacuum using the above foils at a temperature of 1200°C.

The brazed components were placed in a corrosive medium with pH < 2 and So,%,
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NOs" and CI" ions at 70°C. The weight loss of the various samples after 720 hours of

exposure is shown in Figure 1.

Figure 1 shows clearly that an addition of Cu only or of Mo only results in an only
moderate improvement of corrosion resistance compared to a brazed joint produced
without Mo and Cu. The lowest weight loss and therefore the best corrosion resistance
is found in the brazing alloy containing both Mo and Cu. The combined addition of

Mo and Cu provides a brazing alloy with improved corrosion resistance.

In a second embodiment, the influence of a combined addition of Mo and Cu on the
corrosion resistance of a second basic composition was investigated. In this second
embodiment, a brazing alloy with a combination of Mo and Cu additions was

compared to copper-free brazing alloys with increasing Mo content.

At least partially amorphous brazing alloy foils were produced by means of rapid
solidification technology. In this second embodiment, the brazing alloy foils had a
basic composition of 11 atomic % Cr, 35 atomic % Ni, 11.5 atomic % Si and 7 atomic
% B, the rest being iron. Copper-free foils were produced with 11 atomic % Cr, 35
atomic % Ni, 11.5 atomic % Si and 7 atomic % B with 0.5, 1 and 1.5 atomic %
molybdenum, the rest being iron. In addition, a foil was produced with 11 atomic %
Cr, 35 atomic % Ni, 11.5 atomic % Si and 7 atomic % B with an addition of 2 atomic
% copper and 1 atomic % Mo, the rest being iron. These compositions are listed in
Table 2. The second basic composition therefore contains significantly more iron

than the first basic composition.

Stainless steel samples were produced as in the first embodiment, and corrosion
resistance was tested as described above. In the second embodiment, the samples were

exposed for 864 hours, whereupon their weight loss was measured.

As Figure 2 shows, the alloy with a combined addition of Mo and Cu loses the least
weight and has therefore the best corrosion resistance. The corrosion resistance of the
alloy containing both Mo and Cu cannot be reached by simply varying the

molybdenum content in an alloy comprising only molybdenum and no copper.
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In a third embodiment, the influence of a combined addition of Mo and Cu on the
corrosion resistance of a third basic composition was investigated. At least partially
amorphous brazing alloy foils were produced by means of rapid solidification tech-
nology. In this third embodiment, the brazing alloy foils had a basic composition of
11 atomic % Cr, 35 atomic % Ni, 11.5 atomic % Si and 7 atomic % B, the rest being
iron. A copper-free foil was produced with 11 atomic % Cr, 35 atomic % Ni, 11.5
atomic % Si and 7 atomic % B with 1 atomic % molybdenum, the rest being iron.
Molybdenum-free foils were produced with 11 atomic % Cr, 35 atomic % Ni, 11.5
atomic % Si and 7 atomic % B with an addition of 1 and 2 atomic % copper, each

with 1 atomic % Mo, the rest being iron. These compositions are listed in Table 3.

Stainless steel samples were produced as in the first embodiment, and corrosion
resistance was tested as described above. Figure 3 shows their weight loss after 720

hours’ exposure.

Figure 3 shows that the corrosion resistance of brazing alloys with additions of Mo

and Cu is noticeably better than that of alloys with Mo only.

In a fourth embodiment, the corrosion resistance of at least partially amorphous
brazing alloy foils with a combination of 1 atomic % Mo and 1 atomic % Cu and

increasing iron content was investigated.

The at least partially amorphous brazing alloy foils were produced by means of rapid
solidification technology. At least partially amorphous foils with an Fe content of 0,
10, 20, 30, 40, 50, 60 and 70 atomic %, each with a Cr content of 11 atomic %, an Si
content of 9 atomic %, a B content of 9 atomic %, an Mo content of 1 atomic % and a
Cu content of 2 atomic %, were produced, the rest being nickel. These compositions
are listed in Table 4.

Figure 4 shows that the corrosion resistance of foils containing Mo and Cu remains
virtually constant up to an Fe content of 50 atomic %. This offers the advantage that
nickel can be replaced by iron up to an Fe content of 50 atomic % without significant-

ly affecting corrosion resistance. As a result, raw material costs can be reduced.
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Table 1 — Composition of the brazing alloy foils of the first embodiment

No. Ni Fe Cr Mo Cu Si B
(at. %) | (at.%) | (at. %) | (at. %) | (at. %) | (at. %) | (at. %)
1* Rest 3.7 12.3 0 0 7.9 12.8
2* Rest 3.7 12.3 0 2 7.9 12.8
3* Rest 3.7 12.3 1 0 7.9 12.8
4 Rest 3.7 12.3 1 2 7.9 12.8
* not according to the invention
Table 2 — Composition of the brazing alloy foils of the second embodiment
No. Ni Fe Cr Mo Cu Si B
(at. %) | (at.%) | (at. %) | (at. %) | (at. %) | (at. %) | (at. %)
5* 35 Rest 11 0.5 0 115 7
6* 35 Rest 11 1 0 115 7
7* 35 Rest 11 15 0 115 7
8 35 Rest 11 1 2 115 7
* not according to the invention
Table 3 — Composition of the brazing alloy foils of the third embodiment
No. Ni Fe Cr Mo Cu Si B
(at. %) | (at.%) | (at. %) | (at. %) | (at. %) | (at. %) | (at. %)
9* 35 Rest 11 1 0 115 7
10 35 Rest 11 1 1 115 7
11 35 Rest 11 1 2 115 7

* not according to the invention
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Table 4 — Composition of the brazing alloy foils of the fourth embodiment
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Ni Fe Cr Mo Cu Si B
(at. %) (at. %) (at. %) (at. %) (at. %) (at. %) (at. %)
69 0 11 1 1 9 9
59 10 11 1 1 9 9
49 20 11 1 1 9 9
39 30 11 1 1 9 9
29 40 11 1 1 9 9
19 50 11 1 1 9 9
9 60 11 1 1 9 9
0 69 11 1 1 9 9
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Patent Claims

1. Amorphous, ductile brazing alloy foil with a composition consisting essentially
of
FeaNirestCroMocCugySicBPg,
wherein 0 atomic % < a < 50 atomic %; 5 atomic % < b <18 atomic %, 0.2
atomic % < ¢ < 3 atomic %; 4 atomic % < e < 15 atomic %; 4 atomic % < f <15
atomic %; 0 atomic % < g < 6 atomic %; rest Ni, and
wherein if 0 atomic % < a <50 atomic %; then 0.5 atomic % < d < 3 atomic %,

and if a=0, then 0.5 atomic % < d <5 atomic %.

2. Amorphous, ductile brazing alloy foil according to claim 1,
characterised in that

if a=0, then 0.5 atomic % < d < 3 atomic %.

3. Amorphous, ductile brazing alloy foil according to claim 1 or claim 2,
characterised by

a Si content of 7 atomic % < e < 12 atomic %.

4. Amorphous, ductile brazing alloy foil according to one of claims 1 to 3,
characterised by

a Cr content of 5 atomic % < b < 14 atomic %.

5. Amorphous, ductile brazing alloy foil according to one of claims 1 to 4,
characterised by

a B content of 5 < f < 13 atomic %.

6.  Amorphous, ductile brazing alloy foil according to one of claims 1 and 3, 4 and
S5,
characterised by

an Fe content of 3 atomic % < a < 35 atomic %.

7. Amorphous, ductile brazing alloy foil according to one of claims 1 to 6,



Patent Claims 1. Amorphous, ductile brazing alloy foil with a composition
consisting essentially of FeaSiIizesiCr%VIocCudSierPg, wherein 0 atomic %
a 50 atomic %; 5 atomic % b 18 atomic %; 0.2 atomic % < c 3 atomic %; 4
atomic % e 15 atomic %; 4 atomic % < f < 15 atomic %; 0 atomic % g 6
atomic orarastarigdamtngiherein if 0 atomic % <a 50 atomic %; then 0.5 atomic

% d <3ipipmisHPaAGFrdies: INBNDTR ARImkoYe.d 5 atomic %. 2. Amorphous,
ductile brazing alloy foil according to claim 1, characterised in that if a=0, then

0.5 atomic % d < 3 atomic %. 3. Amorphous, ductile brazing alloy foil
acgordingéepataisndlcilchrixirg, ahgrigiessadiby ta Sicositkithof Toatomic % e
12 atomri]%r‘g teﬁﬁs@ﬂorphous, ductile brazing alloy foil according to one of
claims 1 0 , C aracterised by a Cr content of 5 atomic % b 14 atomic %. 5.
AmorpladbiskaesstiPeobracieithanl a9 foil according to one of claims 1 to 4,
characterised by a B content of 5 f 13 atomic %. 6. Amorphous, ductile
brazing alloy foil according to one of claims 1 and 3,4 and 5, characterised by
arPFe MEAIYS3IIGiEragiBg i da e aprdinrifiidds, ductile brazing
alloy foihaggesaieg g one of claims 1 to 6, 15 characterised in that the

brazing alloy foil is at least 80% amorphous. 8. Amorphous, ductile brazing
alloy fofl @b%%‘?ﬁ%% % ShedF Kzt 4 7, characterised by a thickness D of

more than 20 um.
10. Amorphous, ductile brazing alloy foil according to one of claims 1 to 9,
characterised by

a width B of 20 mm < B <200 mm.

11.  Amorphous, ductile brazing alloy foil according to claim 10,
characterised by

a width B of 40 mm < B <200 mm.

12. Heat exchanger with at least one brazed seam produced with a brazing alloy foil
according to one of claims 1 to 11,
characterised in that

the brazed seam is > 20 pum.

13. Method for joining two or more components, comprising the following steps:

- Application of an amorphous, ductile brazing alloy foil according to one of
claims 8 to 18 between two or more components to be joined, the
components to be joined having a higher melting temperature than the
brazing alloy foil;

- Heating of the brazing composite to a temperature above the liquidus
temperature of the brazing alloy foil;

- Cooling of the brazing composite accompanied by the formation of a brazed

joint between the components to be joined.



9. Amorphous, ductile brazing alloy foil according to claim 8, characterised by
a thickness D of 20 um D 40 um. 10. A orphous, ductile brazing alloy foil
according to one of claims 1 to 9, characterised by a width B of 20 mm B 200
mm 11. Amorphous, ductile brazing alloy foil according to claim 10,
characterised by a width B of 40 mm B 200 mm 12. Heat exchanger with at

leagt ong.Har st siafHy Brasieed 1fdiRiRgaRIegratie iadacerrbNeHR, one of
claims 1 to 11, characterised in that the brazed seam is > 20 um. 13. Method

for joinfE ARG GBI omponents, comprising the following steps:
Applicatierafigumansaspiegusied aediteipanings alf yhéail exchaigéngrian@neagst

claims ﬁagor elc?rgggwgneg\oé\i\ég g[rarﬂ&)erlecaﬁmpone_nts to be joined, the
comporiéents to be joined having a higher melting temperature than the

brazing alloy foil; Heating of the brazing composite to a temperature above

thediquigus de RPRIRIHERRS therRragingnaliendaibnisrRalgSeiteraziRgs:
composite accompanied by the formation of a brazed joint between the

compoREMEIY BE T EENs B8N £SFHRHABE Uccording to claim 13 for joining two
or more metal componentsFeNira@emsedindhBirfie components to be joined

are components of a heat exc er. or,ap exhau s recirculati oler
At e i LR S RPN Lot e
followiregostés: Pcavisatmid fupkt atomsiStingeessentmtie 6f; 4 atomic % < f< 15
FeaNine[sier)l/\(l8cCudS3 E<3ng, wherein O at&mic 0/8| a 50 atomic %; 5 atomic
% < b LB G Patdmil 0 LIE B ABIIE 8% atomic % e 15 atomic
%:; 4 atateioiof atobBciomac<dal) Btatootit; Yeg @ Rbtomic %; xabt Riatamdt %,
wherein if Q atomic % <a 50 atomic %; then 0.5 gtomic % d <3 atomic %,
and if a[:a(?,gtﬁéaﬁr%% %}8%%[%] '§ ma%oopn%g 61E?n]y;r(()%duction of an amorphous
brazing &loguitibbyfrapiahsaiidificatiamohtioy foiklbyragichsolificebatingthe

surface A G HBWHH %&Eﬂﬁb @E?HE%HPQFQ{X Jf%ore than approximately 10°
°Cls;
- Formation of a brazing composite by applying the brazing alloy foil between
the components to be joined;
- Heating of the brazing composite to a temperature above the liquidus
temperature of the brazing alloy foil;
- Cooling of the brazing composite accompanied by the formation of a brazed

joint between the components to be joined.

16. Method for the production of an amorphous, ductile brazing alloy foil,
comprising the following steps:
Provision of a melt consisting essentially of

FeaNirestCroMocCugSicBPg,

wherein 0 atomic % < a < 50 atomic %; 5 atomic % < b <18 atomic %; 0.2
atomic % < ¢ < 3 atomic %; 4 atomic % < e < 15 atomic %; 4 atomic % < f <15
atomic %; 0 atomic % < g < 6 atomic %; rest Ni, and
wherein if 0 atomic % < a < 50 atomic %; then 0.5 atomic % <d < 3 atomic %,

- and if a=0, then 0.5 atomic % < d <5 atomic %,



Formation of a brazing composite by applying the brazing alloy foil between
the components to be joined; Heatinglgf the brazing composite to a
temperature above the liquidus temperature of the brazing alloy foil; Cooling
of the brazing composite accompanied by the formation of a brazed joint

betweenPiiRdusHATprsriRerbeufddrIdN A8 laviEH&Y fapithelWdirataneidhan
amorphage s hrzDaRQal somersinahe falanacriaRsy 1o
Provision of a melt consisting essentially of FeaNinesiCrblVlocCudSieBfPg,
wherein "5tomic % a 50 atomic %:; 5 atomic % b 18 atomic %; 0.2 atomic %
< ¢ 3 atomic %; 4 atomic % e 15 atomic %; 4 atomic % < f < 15 atomic %; O
atomic % atomic %; rest Ni, and wherein_if. 0 atomic % <a 5Q gtomic %;
tnefs 0 53R TR 2 SheRTsregitg ISV oA B0 AY 7 SRR
%, 17 1Ptgduetiop wiceer anorerginons ontszing ko gXdihbyer aqui o dulidifieation
of the mek oR.AJNeYNg 6PLING sy[face at a rate of more than approximately
105 C/s. 17. Use of an amorphous, ductile brazing alloy foil according to any
of claims 1 to 11 for brazing two or more components of a heat exchanger,
angxhaysicgaspjgeirculation cooler or a fuel cell. 18. Brazed object,
characterised in tgat t least one brazed seam is produced from an

amorpﬁ ﬁ@clfﬁ'éﬁ e'h ?ing alloy foil according to any of claims 1 to 11. 19.
Brazedablgest bae boazhin getondlammodi@ etoir arsermsnao at e xtiotlderzany ebdyaust
gas recﬂBﬁ%@éﬁQHiﬁé’f?J%ﬁg’BPcfa‘?Wbee of afuel cell. 20. Brazed object
according to claim 18, for use In a reductive or oxidising acidic medium. 21.
Brazed object according to claim 18, for use in a reductive or oxidising acidic
mediunspiighijedhacergifscRiR N8 igor0sH At Rttt amdREChIEgR IS
22. Brazed object according to claim 18, for use in a reductive or oxidising
zcidic HAAA P SRGIeFR A ABRRIGAEEHAdHEHE 23, Use of a brazing alloy
foil according to any of claims 1 to 11 for joining two or more components
mage I i I . a. ing-alloy
ol acoor o e T e b
an exh&9§iyBs recirculation cooler or components of a fuel cell.

21. Brazed object according to claim 18, for use in a reductive or oxidising acidic

medium which further contains sulphate and/or nitrate and/or chloride ions.

22. Brazed object according to claim 18, for use in a reductive or oxidising acidic

medium of an internal combustion engine.

23. Use of a brazing alloy foil according to any of claims 1 to 11 for joining two or

more components made of stainless steel or an Ni alloy or a Co alloy.

24. Use of a brazing alloy foil according to any of claims 1 to 11 for the production
of a heat exchanger, an exhaust gas recirculation cooler or components of a fuel

cell.



