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1 Description Amorphous iron-nickel-based brazing foil and brazing method
5 The invention relates to an iron- and nickel-based brazing foil and method
for brazing two or more metal components. Iron-based brazing alloys are for
example known from US 4 402 10 742. Iron-based brazing alloys offer the
advantage of being cheaper than nickel-based brazing alloys, as raw
material costs are lower. In addition, iron-based alloys can be joined more
easily, as the composition of the brazing seam can be matched to the
Bempositicreof the components to be joined more 15 precisely. However,
known iron-based brazing alloys are crystalline and produced as a powder or
a paste. Powders are typically produced by means of the atomisation of a
ﬁﬁ?ﬂf%ﬁésﬁ@Wﬁ%ﬁﬂcﬁ%i%@%@%@%b&ﬁ&e@ﬁﬁﬁIb?g&ﬁi od
binders and solvents. A disadvantage of this lies in the fact that the organic

£RIPONANLS decompoase.while being hoated to brazing, temperatilte, whigh
can affect the flow and wetting properties of the molten brazing alloy. 25

Thete i e Ask tHateejoitits gy pot bercompletelyc filled MatH -the
brazing alloy, with the result that the mechanical stability of the components
to be joined can no, longer be reliably %nsured. Such joining faults when

FInG ST Rear 8%dfishgers Drsitilar prodidie Erecritical for'thelt U= * 402
leEk-piocfingoase iy arakestirel Use of die beat exchdngetage of being
cheaper than nickel-based brazing alloys, as raw material
costs are lower. In addition, iron-based alloys can be joined
more easily, as the composition of the brazing seam can be

matched to the composition of the components to be joined more

precisely.

However, known iron-based brazing alloys are crystalline and
produced as a powder or a paste. Powders are typically
produced by means of the atomisation of a melt. Pastes are
produced by mixing the metal powders with organic binders and
solvents. A disadvantage of this lies in the fact that the
organic components decompose while being heated to brazing
temperature, which can affect the flow and wetting properties

of the molten brazing alloy.

There is further a risk that the joints may not be completely
filled with the brazing alloy, with the result that the
mechanical stability of the components to be joined can no
longer be reliably ensured. Such joining faults when brazing
heat exchangers or similar products are critical for their
leak-proofing and may make the use of the heat exchanger

impossible.



10

15

20

25

30

impossible. 2 These problems can be avoided by using brazing alloys in the
form of homogeneous and ductile foils. Up to now it has however not been
possible to produce iron- and nickel-based 5 brazing alloys as ductile foils.
The present invention is therefore based on the problem of providing an
iron-based brazing alloy in the form of & ductile foil and of specifying a
brazing method using a ductile 10 brazing foil of this type, which offers good
flow and wetting properties and thus ensures a faultless brazing joint. In
additiory thé beazingaalloysshoudd bedcapableiofbéing zprod ucktoas airapidly
solidifying foihwithin g widerange-ef thicknesses gpdwidths,to engahle it to
meet the technical 15 requirements of a variety of applications. According to
B VENtONT ths ProBReMi 1561vVed BY 8 amorpRbus 2dtictile Brazirfonof
arcompasitiohconsisting: @sseatiahy o 20 FeaNibCrcSidBeMofPg with 25 <-
a <- 50 atomic %; 25 <- b <- 50 atomic %; 5 < ¢ <- 15 atomic %; 4 <-d <- 15
atomic %; 4 <- e <- 15 atomic %; 0 <-f <- 5 atomic %; 0 <- g <- 6 atomic %;
ahEl ATRLREPGHIHey SHd@in 10 Lhgrefg=e2datemic % With &FFE-Fireff+g
5rR0. 2% Gompareshtodaickel-based brazinglloys, the:higher iton comterti 1
and the lower nickel ,cgntent resglt ina reductign of raw matecriial goﬁts. The
bFaZing16ilS AcESrding Yo te AnVBAGH Ard thdretors cost-Erréitive and
buHablesfofoil of this type, which offers good flow and wetting
properties and thus ensures a faultless brazing joint. In
addition, the brazing alloy should be capable of being
produced as a rapidly solidifying foil within a wide range of

thicknesses and widths to enable it to meet the technical

requirements of a variety of applications.

According to the invention, this problem is solved by an
amorphous, ductile brazing foil of a composition consisting
essentially of

Fe.NipCrc.SigBcMorPy
with 25 < a £ 50 atomic %; 25 < b £ 50 atomic %; 5 < ¢ £ 15
atomic %; 4 £ d £ 15 atomic %; 4 < e £ 15 atomic %; 0 £ £ <5
atomic %; 0 £ g £ 6 atomic %; and any impurities, wherein 10 <

d+e+g < 28 atomic % with a+b+c+d+e+f+g = 100.

Compared to nickel-based brazing alloys, the higher iron
content and the lower nickel content result in a reduction of
raw material costs. The brazing foils according to the
invention are therefore cost-effective and suitable for

industrial use. The brazing alloy preferably has an Ni content

of 30 £ b £ 45 atomic %.
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30 industrial use. The brazing alloy preferably has an Ni content of 30 <- b <-
45 atomic %. 3 The chromium content provides for good corrosion
resistance, so that the brazed joint can be used for operation in corrosive
media. The ductility of nickel-based brazing alloys worsens with increasing
chromium content. In the brazing foil 5 éccording to the invention, however, a
fhromium content of 5 1o 15 atamic % can be added without any significant
reduction of oﬂ]cﬁﬁ& The gomposﬁlon ofrth%obrazmg aﬁoy accordslng Sthe’
40 inventiom s furtirercseledtet! suth that tise dllby carroe aproduced as a

QHEE'@_S ano phous foil The feil is preferably, il%fj&?éjimﬁgéé)é mgans ofrapid oy s
solidification processes. The elements boron, silicon and phosphorus are

Hretanoidls drid* 15'Ga836rMihg Blerents. AMGREF content'tt thesé eléménts!
leatds da woreductioa afrmeliingoor, liquidus éemperaturentf the ceontent obf 5

gas{erming.glements.s,iao Jow.on he.anghand, thefolls solidy fo hecoms,
crystalline andcvery brittle. If the content of gas-forming elements is too high
®h tABGthér 2D hand, the foils are brittle in very thin strips and can no longer
be used for technical processes. The metalloid content is further selected

such that the,%e,am roq:%cedbfrom, the brazing foil has suitable 1r:nhechanical
28ropBRIss. ARG B (ohteRf restil iR the précipitalioR b &8 hard phases
imthenbrazing seanr ahdin the dasedmaterial t vehichladfects thye orechanical
properues of ihe hiazed ;compasite, I, this pracess, boFon 1eactswith e 41

chromium, which
produced by means of rapid solidification processes.

The elements boron, silicon and phosphorus are metalloids and
gas—forming elements. A higher content of these elements leads
to a reduction of melting or liquidus temperature. If the
content of gas-forming elements is too low on the one hand,
the foils solidify to become crystalline and very brittle. If
the content of gas—-forming elements is too high on the other
hand, the foils are brittle in very thin strips and can no

longer be used for technical processes.

The metalloid content is further selected such that the seam
produced from the brazing foil has suitable mechanical
properties. A high B content results in the precipitation of B
hard phases in the brazing seam and in the base material,
which affects the mechanical properties of the brazed
composite. In this process, boron reacts with chromium, which
likewise results in a significant reduction of corrosion
resistance. A higher Si content leads to the formation of
undesirable Si hard phases in the brazing seam, which results

in a reduction of the strength of the seam.
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likewise results in a significant reduction of corrosion 30 resistance. A higher
Si content leads to the formation of undesirable Si hard phases in the
brazing seam, which results in a reduction of the strength of the seam. 4
The brazing foil according to the invention therefore has a composition
wherein the content of gas-forming elefhents amounts to a total of 10 to 28
atomic % of the alloy. Brazing 5 alloys with this composition can be produced
as ductile, amorphous foils by means of rapid solidification. For the above
féasdnathenB domténelies irthecrangetof4 1o vES atomid- Y% préferablps te

12 QEH‘Ei’/(%nwbﬂgﬁlé‘i@&%t%%@&esoif‘ @stﬁf‘gﬂxﬂfn‘!;t% iéq?etﬁgﬂ_c %,
preferably 5 to 13 atomic %. The brazing alloy accordlng to the invention has

Fifytidds niberahiré ofiedd thdn 1200€2 s fs Gsirable? beRhusE 1% thed

maximnum temperatare dopmanyiindustital beazingquroeesses dirc patticular for

ipining,siainiess steel bage materials. s, lmitorlto,approximately 1200C. As
a rule, thesbrazmg temperature is required to be as low as possible, as an
undesirable coarse grain formation of the base material tends 20 to start at

temperatures, from 400065 This updesikable-caarse grainfermatiga reduces o

the mechanical strength of the base n}aterial, which is critical in many
Satomic . referably 4 to 12 atomic = -Whl%ﬁ the Si ontﬁnt

techich applications, such'as heat exchiangers. This probiem’s signifidantiy

teduced inlbrazimgoalloys dccordinfy toctheiinventione28tthay beendound

that the melting temperature of an alloy

The brazing alloy according to the invention has a liquidus
temperature of less than 1200°C. This is desirable, because
the maximum temperature for many industrial brazing processes,
in particular for joining stainless steel base materials, is
limited to approximately 1200°C. As a rule, the brazing
temperature is required to be as low as possible, as an
undesirable coarse grain formation of the base material tends
to start at temperatures from 1000°C. This undesirable coarse
grain formation reduces the mechanical strength of the base
material, which is critical in many technical applications,
such as heat exchangers. This problem is significantly reduced

in brazing alloys according to the invention.

It has been found that the melting temperature of an alloy

[o)

with a nickel content of 25 to 50 atomic % and an Fe content
of 25 to 50 atomic % lies below 1200°C. Owing to the nickel
content, the content of gas-forming elements can be reduced.
This avoids the disadvantage of B and Si hard phase formation,

because the metalloid content can be reduced.
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with a nickel content of 25 to 50 atomic % and an Fe content of 25 to 50
atomic % lies below 1200C. Owing to the nickel content, the content of
gas-forming elements can be reduced. 30 This avoids the disadvantage of B
and Si hard phase formation, because the metalloid content can be reduced.
5 The brazing alloys according to the ifvention are therefore suitable for

industrial applications where the maximum brazing temperature is limited to
1500C Ths offar & TEabIS brisiie loint B The BrASig aflys SOSoHding t0
the invetiohcareipréfiertablye prednéed dsihomogemeaush dustlel anrorpheusng
bragin ol which ars bmicaly 599 and pisterably more han 8%,
amorphous. 10 The Brazmg foils according to the invention are characterised
by egceligrtflow and wetting behaviour, allowing the reliable completion

of fillet welds and faultless joints. This ensures the mechanical stability of the
brazing joint and_15 increases the number of possible applications for the

brazing “fotisactording BIHRTAVEALGR. AfSn ddmtical tetiiicid eohtent the
ductiledsraziryg foilsoaecerding tatle inventiomceah besproduceddnfoils,

sionificantly 20 thicker andywider strips.The brazing allays accayding to the

invention are therefore perfectly suitable for casting in thicknesses of more
T BOPH; preferably 40 pm <_ D <_ 80 pm, and in widths of more than 40
mm, preferably 20 mm <_ B <_ 300

The brazing foils according to the invention are characterised
by an excellent flow and wetting behaviour, allowing the
reliable completion of fillet welds and faultless joints. This
ensures the mechanical stability of the brazing joint and
increases the number of possible applications for the brazing

foils according to the invention.

At an identical metalloid content, the ductile brazing foils
according to the invention can be produced in significantly
thicker and wider strips. The brazing alloys according to the

invention are therefore perfectly suitable for casting in
thicknesses of more than 30 pum, preferably 40 um < D < 80 um,

and in widths of more than 40 mm, preferably 20 mm < B < 300
mm, which has been possible only to a limited extent with

alloys of prior art.

At an identical metalloid content, the brazing foils according
to the invention with a nickel content above 25 atomic % have
better ductility limits than brazing alloys with a nickel
content of less than 20 atomic %. It is therefore possible to
produce thicker brazing foils which easily meet all technical

requirements of a variety of applications. With brazing alloys
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mm, which has been possible only to a limited extent with 25 alloys of prior
art. At an identical metalloid content, the brazing foils according to the
invention with a nickel content above 25 atomic % have better ductility limits
than brazing alloys with a nickel 30 content of less than 20 atomic %. It is
therefore possible to produce thicker b?azing foils which easily meet all
éec%ho”%%%'nfe ‘é'r%'ﬂgntsne‘é%gf‘é'ety OL%‘%B“%%“%'}S-eVé’ it bré%'”gta'géé?s? 30
according fo e invention, s rp thicknésses of at 1east 30 pm can be
produced;ewhichdaredequiretdn agreaterumberof Heehnicakapplicationso 6
ThehinvenH'on fur{her Qrovides a heat exchanger. The heat exchanger has at
ecnnica a l1cations. . . . .
Feast one braz%)g seam produced with a brazing foil of a composition
consisting essentially of FeaNibCrcSidBeMofPg with 25 <- a <- 50 atomic %;

2BS-10 %o D01 QMG H0h 8:< £ kiRl atanic % defad 55 atemic X% 4 <-
e <- 15 atomic %; 0 <-f <- 5 atomic %; 0 <- g <- 6 atomic %; and any
THBUATES WhareiR 10/ 828 e 2% 98%HibRc Y5 WitPALBYERG+E+HY 2 100.
Fhedinazingpséanmt is producedi tsing aramacrphousedactileirazingofoil. In a
further embodiment, the Ni C%%E‘Er‘ﬂtb@%é'}}ﬁﬁw@@%e of 30 <-b 15<-45
atomic %. As an alternative, the heat exchanger may have a brazing seam
widde ebaR amorptious; duictilé braZing foil <aécordirgtcafy of the préceding

gg]Obodirrgoent%. 'I;hg)1 bga@ggasc%%rycmgde f@neamqrghgﬁsmducgl_e tUagir% Loil5
> 5 = 1C © t

C < . ; < ; < <
differs from a brazing seam produced using a crystalline powder in the

sizerdfthe;B @ndl §i Hard phasés. $; and any impurities, wherein 10 <
d+e+g £ 28 atomic % with a+b+c+d+e+f+g = 100. The brazing seam
is produced using an amorphous, ductile brazing foil. In a

further embodiment, the Ni content lies in the range of 30 < b

o)

< 45 atomic %. As an alternative, the heat exchanger may have
a brazing seam made of an amorphous, ductile brazing foil

according to any of the preceding embodiments.

The brazing seam made of an amorphous, ductile brazing foil
differs from a brazing seam produced using a crystalline

powder in the size of the B and Si hard phases.

The invention further provides a method for joining two or
more metal components by adhesive force, which comprises the
following steps. An amorphous, ductile brazing foil according
to any of the preceding embodiments is introduced between two
or more metal components to be joined. The metal components to
be joined have a higher melting temperature than the brazing
foil and may for example consist of stainless steel, an Ni or
Co alloy. The composite to be brazed is heated to a tempera-

ture above the liquidus temperature of the brazing foil and
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The invention further provides a method for joining two or more metal
components by adhesive force, which comprises the 25 following steps. An
amorphous, ductile brazing foil according to any of the preceding
embodiments is introduced between two or more metal components to be
joined. The metal components to be Jomed have a higher melting

erature ant zing foil and may for example Cq onsist of stainl ss
S BN 20 Craliy S cOm A b6 e & REsiods 4

temper@-rtwe 1at@)olve theigerdus temperature of the brazing foil and 7 then
cooled while forming a brazing joint between the metal components to be
oined. The metal components to be joined are preferably components of 5 a
#éﬁt BREAANGE RN EXaUt Y reliretfaticht EoB1er bF &7 fuel celiMafesRts of
procucts ¢equire geteliabte bfaﬂngq0|@awhmhusmmpleteiydeak@f0@ﬁ: a

sﬁtant dq OSIOn at ted 0] eratlng tem&era%ires mechanlcall
u ? gquliresa, r 21n nt
ble and therefore feliabl The razmg foils according to t iAvention

ek stéh agBmt %ﬁ/%thabljee. Wﬁf}o&ﬁng t&ﬁslaééétﬁlﬁ@wﬂ@ F?ﬁ/é‘hlt’i oftcan

bedisadto freduce OneRHmore brazing seamsin anakjest Jihe-brazed

obgect may for examE)Ie be used as a heat exchanger an exhaust }115 gas
FEGIFCUIATSN EB0let bra fudl Beli” ?’F}erﬁazmg foils acc%rordln% tothe'ifvention

are pnoducedhascamorpheus ciomogeagobas land ductile brazing foils in a
rapid solidification process. For this purpose, a metal melt is 20 sprayed
through a casting nozzle onto a high-speed casting wheel or casting drum
gha(Rﬁﬂéd%@aﬁ%&é%ﬁaﬁGR;ﬁﬁﬁplég the invention can be used to

produce one or more brazing seams in an object. The brazed
object may for example be used as a heat exchanger, an exhaust

gas recirculation cooler or a fuel cell.

The brazing foils according to the invention are produced as
amorphous, homogeneous and ductile brazing foils in a rapid
solidification process. For this purpose, a metal melt is
sprayed through a casting nozzle onto a high-speed 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.

The amorphous brazing foils according to the invention are

used for joining two or more metal components by adhesive

force, involving the following steps:

- Provision of a melt consisting of Fe,NiCr.SigB.MosPy with 25
< a £ 50 atomic %; 25 £ b £ 50 atomic %; 5 < ¢ £ 15 atomic

%; 4 £ d £ 15 atomic %; 4 £ e £ 15 atomic %; 0 £ £ £ 5
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C/s. The cast strip is then typically removed from the casting wheel at a
temperature between 100C and 300C and directly wound to form a so-called
coil or wound onto a reel. 25 The amorphous brazing foils according to the
invention are used for joining two or more metal components by adhesive
force, involving the following steps: - Provision of a melt consisting of
FeaNibCrcSidBeMofPg with 25 30 < a <- 50 atomic %; 25 b <- 50 atomic %;
5 <3¢ 2B Htormic e 49<=d %- B Bigmit 06 W< 2B %- B BiorhicSy, R TS

8 atoniC W05 <92 6aIRMIC %0;an anydmputitiess whereiny 40 <- d+e+g
< 28 atomic % with a+b+c+d+e+f+g = 100; - Production of an amorphous

braziritf 4ifdy fOil By r&pid*Saiidficdtior of tHé hét 6% Abving Eobiitg
surfaceidtia isxateoof more thanapproximatebr10s C/spd Fosmationafa at a

brazing composite by applying the brazi lloy foil between the metal
corﬁ[a)ggﬁeﬁ S t”(‘)oﬁeejm}ﬁg%; Xﬂéfa |>ﬁgl]moafttﬁ% ﬁaéing8 osmposite to a temperature

abd\_ﬁerthft iiquliqlfs terbperatore obﬂwbﬁﬂ%@gllaym&im- Coolingacfithe
brazing,composite accompanied by the farmation of ajgint befwegn the

metal components to be joined. In a further embodiment, a melt consisting of
15 FealNiberéSidBeMEmPyrwith 2502 a5d-550 Bfomid 96ty B 45 atutiiie 98<
5 <16 b atamie St <a thiselb Aatomic B4 ersr 15 atemit 96; 0 <- f 5 atomic
%: 0 <-Qg<- ic %: i iti [ <- d+e+g <
G e Tomie o anciany impuites, WhELRAN S5 0.2 %8

formation of a joint between the metal components to be

joined.

In a further embodiment, a melt consisting of
Fe.NiyCrc.SigBcMosPg with 25 < a < 50 atomic %; 30 < b < 45 atomic
; 5 < ¢c £ 15 atomic %; 4 £ d £ 15 atomic %; 4 £ e £ 15 atomic
; 0 £ f£f <5 atomic %; 0 £ g £ 6 atomic %; and any impurities,
wherein 10 £ d+e+g < 28 atomic % with a+b+c+d+e+f+g = 100, is

provided.

The joining by adhesive force as described above involves a
brazing process using the iron- and nickel-based brazing alloy
according to the invention, whereby perfect brazing joints

without any joining faults can be obtained.

The liquidus temperature of the brazing alloy according to the
invention is less than 1200°C. The brazing method according to
the invention is particularly suitable for joining metal
components made of stainless steel and/or nickel and/or Co

alloys by adhesive force. Such components are typically used
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provided. 20 The joining by adhesive force as described above involves a
brazing process using the iron- and nickel-based brazing alloy according to
the invention, whereby perfect brazing joints without any joining faults can be
obtained. 25 The liquidus temperature of the brazing alloy according to the
invention is less than 1200C. The brazi?wg method according to the invention
Is particularly suitable for jgining metal components maqhe of stainless steel
SO kS AP o0 50 MTeys By SARGSUE fofoe: SUbhSoRbenents ars 9
typicalprused 9r @t theeplaductioncofheatsexchangers or similar products (e.g.
exhaust gas recirculation coolers). At brazing temperature, the molten

brazing foils wet the metal 5 components to be joined, completely filling the
SEaht oy td B Opositibh adtording @%ﬁé%ﬁ@eﬁﬁ&%,%d“ﬁét‘i&%iﬁbetal
taultsoarenavoitdedod hednwentior isndesered M detaibbelow withreterenget o
19,c10 embodiments and compaalive.examples, Jable L lists the spliqus ang,
Iquidus temperatures of Fe-Ni Qrazmg oils with different Ni and metalloid
Eohtdnts 215 Tapke 4Fe Ni Or Si B Mo Solidus Liquidus (at (at (at (at (at (at
temperature temperatu %) %) %) %) %) %) (C) re (C) 168 10 1057 0 1130
1280

The invention is described in detail below with reference to

embodiments and comparative examples.

Table 1 lists the solidus and liquidus temperatures of Fe-Ni

brazing foils with different Ni and metalloid contents.

Table 1
Fe Ni Cr Si B Mo Solidus Liquidus
(at (at (at (at (at (at temperature | temperatu
%) 5) %) %) %) %) (°C) re (°C)

1 68 10 10 5 7 0 1130 1280

2 66 10 10 5 9 0 1115 1225

3 66 10 10 9 5 0 1130 1280

4 64 10 10 9 7 0 1110 1230

5 62 10 19 5 13 0 1100 1215

6 51 25 19 5 9 0 1055 1200

7 49 25 10 9 7 0 1100 1200

38 49 25 10 5 13 0 1045 1195

9 44 30 10 9 7 0 1050 1185

10 42 30 10 9 9 0 980 1160

11 36 40 10 9 5 0 960 1195

12 34 40 10 9 7 0 970 1175

13 32 40 10 5 13 0 915 1140

14 27 40 14 9 9 1 955 1135

The brazing foils numbered 1 to 5 do not represent a part of
the invention, while the brazing foils numbered 6 to 14 are

brazing foils according to the present invention.
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266101059011151225 366101095011301280 4641010970
11101230 56210195130 1100 1215 6512519590 1055 1200 7 49
251097011001200 8492510513010451195 94430109 701050
1185 10423010990980 1160 11 364010950960 1195 12 3440 10
9709701175 13324010513 0915°1140 14 27 40 1499 1 955 1135
il'hee bragin fSo.ilg nt{zrgrtrxleéerd to 5 d%iog}{e r ent&%ar.trgf I;Cheeminé/eg iog, of
w |Ieptﬁecbrasznggf0|Is Aumbered 61014 are 2 Srazmé Toifs accgrdlrng fo the
ptesentriaventiort.cliQ sThes prgeessing tempetatus® and thussthei brazing
emperature of such brazing fails is typically 10 to 50C ahove liquid .
e &t D T B bt e e R e offbal
fivart 25tatemie 96 gntiberéd 1oter8 it Table iy Beend to Haveda iguiduste 1)

temperature significantly; abave 200G Tihis resylts in proeessingove
temperatures above 1200C for Fe-Ni brazing foils with an Ni content of less
Y 25 atérnic 96 SPHése prodessie Férﬂ%ei’%ﬁﬂ?@sré?:élﬁ%?aéééﬁl%b]r@,oo C
because theyresulhin eearse graimformation-and damage the s10 base2 s
material Qf the components to, be joined. At an identical metalloid cont nt, le.
%ﬁ%ﬁaﬁB%bnéﬂﬁse processing temperatures are not acceptable,
because they éesult in coarse grain formation and damage the

base material of the components to be joined.

At an identical metalloid content, i.e. Si and B content,
Fe/Ni brazing alloys with a higher Ni content of 25 or 40
atomic % (numbered 6 to 14 in Table 1) have a liquidus
temperature below the permissible maximum of 1200°C used in
industrial technology. The processing temperature is therefore
less than 1200°C, which is acceptable. These alloys can
furthermore be produced as amorphous, ductile foils with a

strip thickness of more than 30 um and therefore meet the

requirements of industrial applications.
1°% embodiment

A brazing seam was produced using a ductile, amorphous brazing
foil with a composition of Fe32-Ni40-Cr10-Si9-B9. The brazing
conditions were 1190°C for 30 min. The alloy flowed, wetted
the base material and formed an ideally filled fillet weld.
The brazing seam did not show any defects in the form of poor

fusion.



Fe/Ni brazing alloys with a higher Ni content of 25 or 40 atomic %
(numbered 6 to 14 in Table 1) have a liquidus 15 temperature below the
permissible maximum of 1200C used in industrial technology. The
processing temperature is therefore less than 1200C, which is acceptable.
These alloys can furthermore be prod%ed as amorphous, ductile foils with a
tep thg:kge%gnof more than 30 Jim and therefore meet the 20 requirements
of industrial appﬁcations. 1st embodiment A brazing seam was produced
using a ductile, amorphous brazing 25 foil with a composition of
FeS2:hIAG CEAG:I%:R9 - Toe feagings candilions ere.1 190C.0n 30.min B
alloy flowed, wetted the base material and formed an ideally filled fillet weld.
Theloraziny SeaM@aSidt sHow anydetetits!ift the formof fdor- fuion 36419
2pdembediment-A brazisg: seam wasmpreduead using arductie -amespheus y
brazing _foil with a composition of Fe§2-NilO-CrlO-Si5-B11. The brazing 5
RBRGitiohs" Wars 1920 E 187 301RfT The Brazifg oy HatfvaR Bod ol Hnd
wettirg! propertiess $9 thahthejseam was not afillect eormpietely Therjpimtowas
shatagterised by;vaty popr; fission, A feliahlejgint could pot be ensured. 12
Patent Claims 1. Amorphous, ductile brazing foil of a composition consisting
essentially of
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5 FeaNibCrcSidBeMofPg with 25 <_a <_ 50 atomic %; 25 <_ b <_ 50 atomic
%; 5 <c < 15 atomic %; 4 <_d 15 atomic %; 4 <_e <_12 atomic %; 0 f<_
5 atomic %; 0 g <_ 6 atomic %; and any impurities, wherein 10 <_ d+e+g <
28 atomic % with a+b+c+d+e+f+g = 100. 10 2. Amorphous, ductile brazing
foil of a composition consisting essenﬁ&lly of FeaNibCrcSidBeMofPg with 25
s_as SCQLatoné\ic %; 30 <_b <_ 45 atomic %; 5 < c < 15 15 atomic %; 4 <_
daitfa%mlc 0, 4 <_e <_12 atomic %; 0 f <_ 5 atomic %; 0 g <_ 6 atomic %;
and any impurities, wherein 12 <_ d+e+g < 24 atomic % with

@f’b”&ﬁgi"ﬁﬁ&t&,: 100 ;:;’1_@‘%9%%’_ dyctilerazing foilagearding to claim
1 or 20 claim 2, characterised by an Si content of 5 <_ d <_ 13 atomic % 4.
AmofpHousS GtictIe™SiiZing fdil dcCdrding to any of claims 25 1 to 3,
characterised by a liquidus temapetaturesofitess than 1200C. 5. Amorphous,
ductile brazing foil according to any of claims 30 1 to 4, characterised in that
13 the Blrlazélr?g off is a% eaas%%b% a‘fﬁorip%o‘us}? 6 A?rﬁo?ﬁ%nulsc, d‘U’cti?e Brazing
foil accorglinghteany of clains Lo Sromic %; 4 < e < 12 atomic %; 0 <
f £ 5 atomic %; 0 £ g £ 6 atomic %; and any impurities,

o

wherein 10 < d+e+g < 28 atomic % with a+b+c+d+e+f+g = 100.

2. Amorphous, ductile brazing foil of a composition
consisting essentially of
Fe.NipCrc.SigBcMorPy
with 25 € a £ 50 atomic %; 30 < b £ 45 atomic %; 5 < ¢ <
15 atomic %; 4 £ d £ 15 atomic %; 4 £ e £ 12 atomic %; 0 <
f < 5 atomic %; 0 £ g £ 6 atomic %; and any impurities,

wherein 12 £ d+e+g < 24 atomic % with a+b+c+d+e+f+g = 100.

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

characterised by

an Si content of 5 £ d £ 13 atomic %

4. Amorphous, ductile brazing foil according to any of claims
1 to 3,

characterised by

a liquidus temperature of less than 1200°C.

5. Amorphous, ductile brazing foil according to any of claims
1 to 4,

characterised in that
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5 characterised by a thickness D of more than 30 Jim. 7. Amorphous, ductile
brazing foil according to claim 6, characterised by 10 a thickness of 40 pm
<_D <_ 80 Jim. 8. Amorphous, ductile brazing foil according to any of claims
1to 7, characterised by 15 a width of 20 mm <_ B <_ 300 mm. 9.
Amorphous, ductile brazing foil accord?r?g to claim 4 or claim 5, characterised
by Zghaewidth B? 4(%511@. ilg I—[Eea{ excjga ger gvith atnleast one brazing

razagn ea . mor ug . -
seam produce V%th an amorpnous, dSUC'[I e brazmg ]?oﬁ)ofa composition

consisting essentially of 25 FeaNibCrcSidBeMofPg with 25 < a < 50
atomjg % 425 P Sudl QOMYEX] R £53 112 ALDIE Yoy 45 15 atomic, ¥
4 <_e<_15atomic %; 0 f<_5 atomic %; 0 g <_ 6 atomic %; and any
impuflitiég, wherein 10 <_d+e+g < 28 atomic % with a+b+c+d+e+f+g = 100.
30 14k dHdeatrexehanger with at least one brazing seam produced with a
brazing foi] according to an%oof clajms 1 tg 9, characterised in that the

n 30 Um.

.a~thickne of re tha
brazifig seam is 330 Ji.
7. Amorphous, ductile brazing foil according to claim 6,

characterised by

a thickness of 40 um < D < 80 um.

8. Amorphous, ductile brazing foil according to any of claims
1 to 7,

characterised by

a width of 20 mm < B < 300 mm.

9. Amorphous, ductile brazing foil according to claim 4 or
claim 5,

characterised by

a width B =2 40 mm.

10. Heat exchanger with at least one brazing seam produced
with an amorphous, ductile brazing foil of a composition
consisting essentially of

Fe,Ni,CrcSigBeMorPy
with 25 € a £ 50 atomic %; 25 < b £ 50 atomic %; 5 < ¢ <
15 atomic %; 4 £ d £ 15 atomic %; 4 £ e £ 15 atomic %; 0 <
f < 5 atomic %; 0 £ g £ 6 atomic %; and any impurities,

wherein 10 £ d+e+g < 28 atomic % with a+b+c+d+e+f+g = 100.
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12. Method for joining two or more metal components by adhesive force,
comprising the following steps: - Introduction of an amorphous, ductile
brazing foil according to any of claims 1 to 9 between two or more 10 metal
components to be joined, wherein the metal components to be joined have a
higher melting temperature than the b}élzing foil; - Heating of the brazing

? m siLEe: to a}tlemgeratur%ﬁbo%/e the gquidusgemzp.erature of the brazin

oil; 1 2 o%ﬁﬁgaorf he bVFézmgacom%%gi e%%%omrpaanllélg b%/et%% Formation of a
brazingjoint betweénthé wmetat conpbrents otoabe joihed! 23mMethod far

joining,tyyo, or marednetal camponents by 20 adhesive force according to
claim 12, characterised in that the metal components to be joined are

compdiferits ¥F Ble &t @xchanger 8r BA exhaust gas recirculation cooler or a
fuel cell. 25 14. Method for joining two or more metal components by
adhesive force, comprising the following steps: - Provision of a melt of

FeaNTbEPCSIdBEMAPY With 25'2- 3'< "56 &Rk de; ZEBLBY Stdic %; 5 <
C <- Eolhtomic%; & 3, <cdrprlis atamich%; dodlewtrkb atomie:%; 0 <-f<-5
atomic 19, %0, 5. 955, 8 A10MiG 26, and any impurities, wherein 10 s¢ d+e+g
< 28 atomic % with a+b+c+d+e+f+g = 100; - Production of an amorphous
kwaﬂn@%ﬂ&@qéﬂ%y¥épﬁTY of claims 1 to 9 between two or more

metal components to be joined, wherein the metal
components to be joined have a higher melting temperature
than the brazing foil;

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

— Cooling of the brazing composite accompanied by the
formation of a brazing joint between the metal components

to be joined.

13. Method for joining two or more metal components by
adhesive force according to claim 12,
characterised in that
the metal components to be joined are components of a heat
exchanger or an exhaust gas recirculation cooler or a fuel

cell.

14. Method for joining two or more metal components by

adhesive force, comprising the following steps:
- Provision of a melt of Fe,NiCr.SigBecMosPy with 25 < a <
50 atomic %; 25 £ b £ 50 atomic %; 5 < ¢ £ 15 atomic %; 4

< d £ 15 atomic %; 4 £ e £ 15 atomic %; 0 £ £ £ 5 atomic
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solidification of the melt on a moving cooling surface at 5 a rate of more than
approximately 105 C/s; - 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 10 the liquidus temperature of
the brazing alloy foil; - Cooling of the b]rézmg composite accompanied by the
formation of a bra2|rr11(g joint between the metal components to be joined. 15

15. Méthod for foiftirty fWGBt e MdtaltbmpBRENS BY AdHEEVE force? =

comprisiag ¢he followingsteps: wPravisionefamaleol - 100;
FeaNibCrcSidBeMofPg with 25 <- a < 50 atomic %; 30 b <- 45 atomic %; 5 <

¢ <- 15 Afonie s 4 < OEl SN SRSV 4E28 895 hisHics: 0 LY £eB1d
atomics20 24;1 @ ges+ 6@atomic Sheand anydmpurities; whereml 10 «- dieftagprs at
28 atomlc % wn% +b+c+d+e+f+gj 100; - Iiroduc ion QIT?n amorphous
brazmg aﬁ%yefoﬁ y rapld LGty ﬁﬁ)%xéf“ﬁ, e“mblton a 0\/|ng cooling
surface Bbranratecof more: thare approxinrately 105 OYs;22% 1 Formation of a

brazing,.compositg by applying,ihe, brazing allgyiqil betyesn dhe metal 1,

components to be joined; - Heating of the brazing composite to a
temper&ttif€ @bove the liquidus temperature of the brazing alloy foil; 16 -
Cooling 0f the hrazingteompesite agcompasiad bydbe forvatien Hf @jointbove
be“Ne%gth?lg%%%&Q”ﬁ%%E%%%%%%@ of the brazing alloy foilj;
— Cooling of the brazing composite accompanied by the
formation of a brazing joint between the metal components

to be joined.

15. Method for joining two or more metal components by
adhesive force, comprising the following steps:

- Provision of a melt of Fe.,NiyCr.SigBcMofPy with 25 < a <
50 atomic %; 30 £ b £ 45 atomic %; 5 < ¢ £ 15 atomic %; 4
< d £ 15 atomic %; 4 £ e £ 15 atomic %; 0 £ £ £ 5 atomic
%; 0 £ g £ 6 atomic %; and any impurities, wherein 10 <
d+e+g < 28 atomic % with a+b+c+d+e+f+g = 100;

- 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° °C/s;

- 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;
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joined. 5 16. Use of an amorphous, ductile brazing foil according to any of
claims 1 to 9 for brazing two or more components of a heat exchanger or an
exhaust gas recirculation cooler or a fuel cell. 10 17. Brazed object,
characterised in that at least one brazing seam is produced from an
amorphous, ductile brazing foil accoroﬂirgg to any of claims 1to 9. 15 18.

Brazed object according to claim. 17 for use as a heat exchan er.,an exhaust

gas recirculation cooler or a fuel el 2055 gy 2cCorPant
formation of a joint between the metal components to be

joined.

16. Use of an amorphous, ductile brazing foil according to any
of claims 1 to 9 for brazing two or more components of a
heat exchanger or an exhaust gas recirculation cooler or a

fuel cell.

17. Brazed object,
characterised in that
at least one brazing seam is produced from an amorphous,

ductile brazing foil according to any of claims 1 to 9.

18. Brazed object according to claim 17 for use as a heat
exchanger, an exhaust gas recirculation cooler or a fuel

cell.



