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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 foll
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
Des??i %i[ﬂ;iltched to the composition of the components to be joined more
recisely. However, known iron-based brazing alloys are crystalline
and produced as a powder or a paste. Powders are typically produced by

Amo PIIREGLT e AR EREQN BhaLeelh F2BSIER) 20q 4 PERHIS ALY My e iod

metal powders with organic binders and sOlvents. A disadvantagé of this
lies in the fact that the organic components decompose while being

TheN§AGEHR IAZIPE 1 REREIRBI anVRIFBIFANAIP G RSBV BRdeMe Pz ing

_properties of the molten brazing alloy. 25 There is further a risk that the
fo 'Eiﬂ@%ﬁg‘?ﬁbpge Fomnphiiar | it dWih e BRIZEJal&) \GEMPRNeEES -
that the mechanical stability of the components to be joined can no
longer be reliably ensured. Such joining faults when brazing 30 heat

| rogzRRsRArO bR&HIr PHAYSs are ciial fxaRefe known Trom US 4 402

742 . lron-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 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 i1s 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.
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leak-proofing and may make the use of the heat exchanger 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 a ductile foil and of specifying a
brazing method using a ductile 10 brazing foil of this type, which offers

) . . .
The g R e T BT A RLea) R, the
Torgs efrabfipgentniig dildvithietilide Fadds of Unickaesiey aid Washs
howtR/&72RIE ¢ BLBREHOELGHIUCH I HiEIIER e FHAL2 XAHEWi¥ke I -based

applications. According to the invention, this problem is solved by an
bragiigpledlosicare ekl ksil 593 Edmposition consisting essentially of

20 FeaNibCrcSidBeMofPg with 25 < a <_ 50 atomic %; 25<_b < 50

atomic %; 5 <c<_15 atomic %; 4 d <_15 atomic %; 4 <_e <_ 15 atomic
Theopresent ENvREHRAD,; by EherabriicodasrtasintiititeEohherieT
proV ding+8m9 irdh auBedoyHya he Gy Tt =eHY. £8rhomPatedtiGcti le

nickel-based brazing alloys, the higher iron content and the lower nickel

foil aad: RERREGIEYARSRoPrazing method using a ductile
brazing foil 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 1t 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

FeaN1,CrcSigBeMosPy
with 25 < a < 50 atomic %; 25 < b < 50 atomic %; 5 < c < 15
atomic %; 4 < d < 15 atomic %; 4 < e < 15 atomic %; O < £ <5
atomic %; 0 < g < 6 atomic %; and any impurities, wherein 10 <

d+e+g < 28 atomic % with atb+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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raw material costs. The brazing foils according to the invention are

therefore cost-effective and suitable for 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 operatior8in corrosive media. The ductility of

nickel-based brazing alloys worsens with increasing chromium content. In
Thetrghmeningfoil Gdsotdipyav tisehvEariogdusvemrrashamioes esiance,

: i A fon of
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corrpehien keflitder SbrRceiecdiichitbyt 6 alkskedh-bassddbsexrasa alloys
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solidification processes. The elements boron, silicon and phosphorus are
acceddNgddandnes §aYLEARY eldiAWENE K high&hdsdiibieredent of 5

to SEMANRIRAAS En 'BAUGHRIE MEIEARSPE IGHPUS igMPRIRHME HE8uction

content of gas-forming elements is too low on the one hand, the foils

of dyskd/kdBecome crystalline and very brittle. If the content of gas-forming
elements is too high on the other 20 hand, the foils are brittle in very thin
strips and_can no longer be used for technical processes. The metalloid

The cGrBRAPRYEARBr Sdielfed RIcAZARORIAN 356RLEIN B o thE S azing
i nviiltissuabir mesornisal de peepastieh Ahot Bigentent 6ssWisrnintee

recipjtation of
progucéﬂ as a 5Lctile, amorphous foil. The foil is preferably

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 i1s too low on the one hand,
the foils solidify to become crystalline and very brittle. IT
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 iIn 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 iIn the brazing seam, which results

in a reduction of the strength of the seam.
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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 30 resistance. A higher Si content leads to the formation of
undesirable Si hard phases in the braging 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

The® PAYHR ’-‘FBWtSa{Bé‘otPéﬁ'n?i 1Pdogiatp ﬂl}a%r{ét?fa}'i‘etﬂ@é’e%%”?ﬁg a

alloys wit hIS composition can be produce uctile, amorphous fo
comppaida@otapiceddlidiiatieantentheabasedodid e © tonenitses

amolihtt§ 8898 Ct4d2 11 AIHBICHS. PEeterpblyit 1o, 16 AIGHIE Uy M%e B2 ing

content 10 lies in the range of 4 to 15 atomic %, preferably 5to I

al |9b()$nw DANTRE bfa A BR6) &dEstdrytolAe MRdiieAtha% fusdide
iSIRRRISIE ﬁée%xhﬁ@é.«?@&r TRipipresy pples PReat§As the

maX|mum temperature for many industrial brazing processes, in particular
for joining stainless steel base materials, is limited to approximately

For1£P@Cahs @ Ulea 4k REA 7@ tB”‘tE@ﬁEttéfﬁt'SerQéJ'“iﬁ tqRe qsdﬁb’easof 4 to
possible, as an undesirable coars%galn formation of the base material

15 ﬁat‘%'fb to-starek edABLMirekardrh 1BBBR S his uiidd @i EoatecOntent

1iegrain famatieangdueds hetpecBanieahmitength pitrchagsl yna@etal, 13
atom¢¥ghASCHUCahnrnanytechnmalapphcaﬂons
%.

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, 1is
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 iInvention.

It has been found that the melting temperature of an alloy
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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such as heat exchangers. This problem is significantly reduced in brazing
alloys according to the invention. 25 It has been found that the melting
temperature of an alloy 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
Thentaralbingoatbhoysn deceddded L Heheratimgedlibyeracevrlitdieogifore

sm’f‘é(ﬁi'gorfélfe %E%I%Ht Iﬁp f%%?%@lggg%?%r'oﬂ?e %.rfltmﬁgblgrazing

maximum brazing temperature hey offer a reli
temb&nmuy;mn|§Thﬂﬂﬂﬂe@gtﬂmygemﬁbmmmgeqﬂmffaenaowalaabIe
r.eferab oduced as homogeneous, ductile, amorphous brazing foils,
hlc% ér t élbally 50% and preferably more than 80% amorphous. 10
The brazing foils according to the invention are characterised by an

The e A Y BRI A b M B B AP SR o1y
procheciochzag) joovrnegereEninsreabas thd aundeo oblpossiblerazi mgtlcfm i3,

whidIf QA2 ducaﬂ“@?r%ﬁ% 19 e |VEREPAAAMGFEU R RSB

content, th razing foils
amorphous.

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 iIn
thicknesses of more than 30 um, preferably 40 um < D < 80 um,
and 1n 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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according to the invention can be produced in significantly 20 thicker and

wider strips. The brazing alloys according to the invention are therefore

perfectly suitable for casting in thicknesses of more than 30 pm,

preferably 40 pm <_ D <_ 80 pm, and in widths of more than 40 mm,

preferably 20 mm <_ B <_ 300 mm, Which has been possible only to a

limited extent with 25 alloys of prior art. At an identical metalloid content,
accardingingofolibacdondint torthe Biveaporthitbkneiskelcanfeatabbaests 30

ic % have better ductility limits than brazing-alloys with a nick
i G eHEoPIECa i 20 AL LA Bobdloto SreatcL WIS, oF

techraizizd failppihicatasihsmeet all technical requirements of a variety of
applications. With brazing alloys 6 according to the invention, strip
thicknesses of at least 30 pm can be produced, which are required in a

Thegmatentriman of urtheicapaqicdésns hEhd irsetiiandentherTirevideat

gt o L R I e e e S
bragzeayibrt$idEe MoiEempokida en aconsSdstdmi #sgentiaklysmf

atomic %; 5<c<_15 10 z’%_tgrw %r4§l'<8 %aﬁomic 0;4< e< 15
atomic %; 0 <_f<_ 5 atomic 0; Sb SBIDMIE %; and any impurities,

wi thvheein 19 < SOredpm B8 aton@sYswith<aH6-catlenifts g 160<The< 15

br_az:o/g seam is produced using an amorphous, ductile brazin
atofpther

foil. In a
erfbodifhent Mie AR BhE el if ffe Farkge GHEIECH: O = T < 5
atomic %; 0 < g < 6 atomic %; and any impurities, wherein 10 <
d+e+g < 28 atomic % with atb+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 iIn the range of 30 < b

< 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 iIntroduced 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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15 <_ 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 20 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
theoowpohentsithyidenhdivenfonge avhichzongripes nite Etfutiowirhstepstal

AR ghBHsb u Bem ing foil according to any of the preceding
con mbod(li%rnents is%niduc%agzbetween two or more metal components to be

joined. The metal components to be joined have a higher melting

Thet%Q%{FtLHSnﬁ?ﬁﬂgP&QrW%éOi BIASPAIPE ESPEPE SHNSS' @nponents of

stainless steel, an Ni or 30 Co alloy. The composite to be brazed is heated

a heak (@xpbRNJIEe alfBVceiBaldSTd BAS REAIIF: bAIRECH acRRIBIN oAl 2
fueNEqPleq Mdde forpAd R agiguiping beWean HIS1D S aSF¥RBC AL

to be joined. The metal components to be joined are preferably

whigsmpanenrtiket alpeAeaknRrgaT an eshbatagHs RRIr€ORESR L8BIekbr
eIe@aft@thC@'béﬁ*@@?rfﬁ%éﬁiﬁé?ﬁ@(ﬁ'éé?"?f@@ﬂ%@n?iiBﬁiq;}ﬁ ¥HEIE and

completely Iea_k-goof, resistant to corrosion at elevated_operatin

theggipdanlel 1RkLRanitaR, SEBRIAM ﬁﬂér’e?on%%ﬁ&ﬁ\éf‘@h&%riﬂﬁg

i nvENE BSGORHRS I thehlQinyepien aaieIsushea joint available. The
brazing foils according to the invention can be used to produce one or
more brazing seams in an object. The brazed

The brazing foils according to 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 i1s 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 FesNi,CrcSigBeMosPy with 25
< a < 50 atomic %; 25 < b < 50 atomic %; 5 < ¢ < 15 atomic

%; 4 < d < 15 atomic %; 4 < e < 15 atomic %; O f<5

IN
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object may for example be used as a heat exchanger, an exhaust 15 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 20
sprayed through a casting nozzle ont8a high-speed casting wheel or
casting drum and cooled at a rate of more than 105 C/s. The cast strip is
dleemiypiogllyoemaqyed fforatbemicasingamoe el @y aitepupeiaties hetvraarein
100C and 300C and directly wound to form a so-called coil or wound onto

10reel A8 HeheSarBriiifs a2inybils atboiaiitethaonventdf -are
- PiesdUetinne fva T Megheias corRepREisAM e fekFerapid

involving the fallowing steps: Provision of a melt consisting of
el AfHAHSRBIABO ThiH 1S5 "SI £ PR_B0maYHIIvE 2B RY seuibase at 2
AR TE LRGN hppibi haedqgicps4et,g <_ 15 atomic %; 0
<_f<_58 atomic %; 0 g <_ 6 atomic %; and any impurities, wherein 10

- Rorgeddgr Ma_t@nhf%m &mﬂmtﬁ_@f@; applywodudiivh brazing
AMPHPYT Pradigedny fikbnenld sUfsAiRRS! h5 B Rided ;
moving cooling surface at a 5 rate of more than approximately 105 C/s;

- HeatignQf dthezRrpddRgoSRNBPaIRRintana tkediRg rafsyiteilabove the
PRI PN EMial GOFIRRNSYS 1hBe RS ngleRine ! for prazing

composite to a temperature above the liquidus temperature of the brazing
- Qg@&qgg of the brazing composite accompanied by the
formation of a joint between the metal components to be

jJoined.

In a further embodiment, a melt consisting of
FeaN1pCrcSigBeMosPg with 25 < a < 50 atomic %; 30 < b < 45 atomic
%; 5 < c < 15 atomic %; 4 < d < 15 atomic %; 4 < e < 15 atomic
%; O < F <5 atomic %; O < g < 6 atomic %; and any impurities,
wherein 10 < d+e+g < 28 atomic % with atb+c+d+e+f+g = 100, 1is

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 iInvention 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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10 - Cooling of the brazing composite accompanied by the formation of a
joint between the metal components to be joined. In a further
embodiment, a melt consisting of 15 FeaNibCrcSidBeMofPgwith 25 a <_
50 atomic %; 30 b 45 atomic %; 5 < ¢ <_ 15 atomic %; 4 d <_ 15 atomic
%; 4 e 15 atomic %; 0 <_f<_ 5 atorfic %; 0 g <_ 6 atomic %; and any
impurities, wherein 10 <_ d+e+g < 28 atomic % with a+b+c+d+e+f+g =
in tbe, isrpdwvitketonoohdeaingkglxahgsivs foicesamddsorinedathoves (e.g.
exhgwg{/e%% brt%@'?gé’m%?ﬁf’dﬁ"&% iF%?-_and nick(-?-l-.based.brazing alloy
according to the invention, whereby perféct brazing joints without any
joining faults can be obtained. 25 The liquidus temperature of the brazing
At BYRLAFRP HRFIR AR UPKS LSBT KR fnd FEITPEnGee iRy metal
according to the invention is particularly suitable forjoining metal
compgRpakeninhge bp ingdess ot ateby nickbl dngloktd Seamby@ing to
the #PN@INP SR SHCELHPARABISRIC EHICTN UG BN B8 PEPRHCPBIning
of heat exchangers or similar products (e.g. exhaust gas recirculation
faulgsepneaaNRbRFremperature, the molten brazing foils wet the metal 5
components to be joined, completely filling the seam owing to their

caomposition according to the invention, so that joining faults are avoided.
The 1nvention i1s described 1n 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
%) %) %) %) %) %) (69) 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

8 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 iInvention, while the brazing foils numbered 6 to 14 are

brazing foils according to the present invention.
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The invention is described in detail below with reference to 10

embodiments and comparative examples. Table 1 lists the solidus and

liquidus temperatures of Fe-Ni brazing foils with different Ni and metalloid

contents. 15 Table 1 Fe Ni Cr Si B Me Solidus Liquidus (at (at (at (at (at

(at temperature temperatu %) %) %1%) %) %) (C) re (C) 1681010570

11301280 266101059011151225 3661010950 11301280 464
ThelpnoceIDinylterpe ratan® xnd 18 Wis1thd 2bbag bipIegpedature of

0551200 749251097 011001200, 849 25105130 10451195 9
Sucll BRAZT 09 §RbE5 1485V HorkIY0 b SRa1 esDRvSs hEHSHS
tempePatabel2 84 4AnbA 8 TN OSTOWEL 754 3NR HFA2 3 Pl WaGH dan Ni

7401499 1 955 1135 _The brazing foils numbered 1 to_5S da not
confeib. Gl A58 R IHE A R I iR BPRRTG IS el dTate 1)
tendrae@Oharacing fbigaschrdingeiodbe ptesentsavpniibncad tiye above
12088 P T P P s B L P RLYES above 1200°C
for Fe-Ni brazing foils with an Ni content of less than 25
atomic %. These processing temperatures are not acceptable,
because they result in coarse grain formation and damage the

base material of the components to be joined.

At an identical metalloid content, 1.e. Si and B content,
Fe/N1 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.
15t embodiment

A brazing seam was produced using a ductile, amorphous brazing
foil with a composition of Fe32-Ni140-Cr10-Si19-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.



such brazing foils is typically 10 to 50C above liquidus temperature. As
table 1 shows, Fe-Ni brazing foils with an Ni content of less than 25
atomic % (numbered 1 to 5 in Table 1) 5 tend to have a liquidus
temperature significantly above 1200C. This results in processing
temperatures above 1200C for Fe-NLbrazing foils with an Ni content of
less than 25 atomic These processing temperatures are not acceptable,
2" iesdzodémeeytresult in coarse grain formation and damage the 10 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
A bbazdngrosRaY, (asmbeedwedlasimgble Juetkkelig@des pbous brazing
foi PIAYRIY RSN LIR REIMISHNIR B RYH I RP0G Esed N IndYStiRlaz ing
technology. The processing temperature is therefore less than 1200C,
condiidhois e pabl 401€s efalioy3cami furtidrendoes dz imrgdaddadss had very
0 ' ils, wit {p- thickness re tha
poo T R B R Bt S A RS S o
1 léedodomplieAdlyzind Beagowat pradiceldaushate cuselz, Bynorpliyugpoor

comarletel. Ao prucobarstag s ke BnorpKous
TR iand were 150k 470l Fhhd Goy Howid ez the base

material and formed an ideally filled fillet weld. The brazing seam did not
show any defects in the form of poor fusion. 30 11
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2nd embodiment A brazing seam was produced using a ductile,
amorphous brazing foil with a composition of Fe62-Ni10-Cr10-Si5-B11.
The brazing 5 conditions were 1240C for 30 min. The brazing alloy had
very poor flow and wetting properties, so that the seam was not filled
completely. The joint was characterisEd by very poor fusion. A reliable
joint could not be ensured. 12 Patent Claims 1. Amorphous, ductile

Patbrdkzitg follnsf a composition consisting essentially of 5

FeaNibCrcSidBeMofPg with 25 <_a <_ 50 atomic %; 25<_b <_50
atomic %; 5 < c < 15 atomic %; 4 <_d 15 atomic %; 4 <_e <_ 15 atomic

- v rRhoIstormidobid g breziogicfal hnatny iepopesd thberein 10

<cSHETIET RS AV LWiih gBc+d+e+f+g = 100. 10 2. Amorphous,

ductile brazing foil of a composition consisting essentially of
FeaNibCrcSidBeMofPg witte28isClac2 1 BoM@shic %; 30 < b <_ 45
aloys %55 ¢ < 1545 ic % 4 5-d 15 atorpig %4 <. €5 .

<ax = <
atomlﬁ O%?OT <% 5 a?o@n%qgg%% </d_’ 6§a§orﬁi§) %; g:% e%{ng/élrpnrpﬁjr%ésl,é sc=
whereiedi?i€_Wte#g < ¢ atabicbonicany+adsarfxg B510Fodic %; 0 <

Amorphous, ductile brazing foil according to claim 1 or 20 claim 2, _ _
claracedbempc %; 0 < g < 6 atomic %; and any impurities,

A

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

Amorphous, ductile brazing foil of a composition
consisting essentially of

FeaN1,CrcSigBeMosPy
with 25 < a < 50 atomic %; 30 < b < 45 atomic %; 5 < c <
15 atomic %; 4 < d < 15 atomic %; 4 < e < 15 atomic %; 0 <
f < 5 atomic %; 0 < g < 6 atomic %; and any impurities,

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

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

an Si content of 5 < d £ 13 atomic %

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

a B content of 4 < e < 12 atomic %.

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

characterised by
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10.

11.

an Si content of 5 <_ d <_ 13 atomic o 4. Amorphous, ductile brazing foil
according to claim 1 or 25 claim 2, characterised by a B contentof 4 <_ e
<_ 12 atomic 0. 5. Amorphous, ductile brazing foil according to any of
claims 30 1 to 4, characterised by 13 a liquidus temperature of less than
1200C. 6. Amorphous, ductile brazing3oil according to any of claims 1 to
5, 5 characterised in that the brazing folil is at least 80% amorphous. 7.
AmadrphausiudictiEnprezingiog asformikg tathay ofidiedns .1 to 6, 10
characterised by a thickness D of more than 30 m. 8. Amorphous, ductile
brazing foil according to claim 7, characterised by 15 a thickness of 40 m

. <Ani» rpt&tusm. ustatdndopadictie Poradngésiaactbndingdo any abf claims

clﬁir{]rs to 8, characterised by 20 a width of 20 mm <_ B <_ 300 mm. 10.
Amo Bh ds, ductile brazing foil according to claim 56, characterised by
characterised in that

the brazing foil i1s at least 80% amorphous.

Amorphous, ductile brazing foil according to any of claims
1 to 6,
characterised by

a thickness D of more than 30 um.

Amorphous, ductile brazing foil according to claim 7,
characterised by

a thickness of 40 uym < D < 80 um.

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

characterised by

a width of 20 mm < B < 300 mm.

Amorphous, ductile brazing foil according to claim 56,

characterised by

a width B > 40 mm.

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

FeaN1pCrcS1gBeMosPy
with 25 < a < 50 atomic %; 25 < b < 50 atomic %; 5 < c <

15 atomic %; 4 < d < 15 atomic %; 4 < e < 15 atomic %; O <
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12.

13.

14.

15.

a width B ? 40 mm. 25 11. Heat exchanger with at least one brazing

seam produced with an amorphous, ductile brazing foil of a composition
consisting essentially of FeaNibCrcSidBeMofPg 30 with 25 < a <_ 50
atomic %; 25 <_b <_ 50 atomic %; 5 <c < 15 atomic %; 4 <_d<_15
atomic %; 4 <_e <_ 15 atomic %; 042414 f<_5atomic%;0g<_6
atomic %; and any impurities, wherein 10 <_ d+e+g < 28 atomic % with
afbxchdetdmic 4Q0.0LX Heat exchabgdiovid] attledsanyge brptind ties,
seam produced 5 with a braziég foil according to any of claims 1 to 10,

chBRkedtedOn thabBebrazidg REANRS %oV UB anbietdsebhtfieg= 100.-

two or more metal components by 10 adhesive force, comprising the
following steps: - Introduction of an amorphous, ductile brazing foll

abestiryeanestcdibd 8 18 ¢RI keONBVE bRAMIE SRedl Produced

camerNantsraEiginest IVhesein the maeteb camposentsiRifssioinath 10,
have a higher_melting temperature 15 than the brazing foil; - Heating of
t@&rﬁﬁ%eEdﬁﬁgsi@to fmperature above the liquidus temperature of

thenRraiRgfpig- Sealing §f thedyazing composite accompanied by the

formation of a brazing joint between the metal components 20 to be
joined.

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 10 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.

Method for joining two or more metal components by
adhesive force according to claim 13,
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.

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

- Provision of a melt of FeiNipCrcSigBeMosPy with 25 < a <

50 atomic %; 25 < b < 50 atomic %; 5 < ¢ < 15 atomic %; 4
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16.

14. Method for joining two or more metal components by adhesive force
according to claim 13, characterised in that 25 the metal components to

be joined are components of a heat exchanger or an exhaust gas
recirculation cooler or a fuel cell. 15. Method for joining two or more metal
components by 30 adhesive force, cbprising the following steps: -

Provision of a melt of FeaNibCrcSidBeMofPgwith 25 <_a < 50 atomic %;
25« db< 150 atomii &0y <4 <_dSatvmiatond t5%s_d < F5at@nigtomic
%; 4 e <_ 15 atomic %; 0 <_f<_5atomic %; 0<_g<_ 6 atomic o; and

an¥ imButi€s, witer@fPTd C_%d+8ng <t athARE b4 tA@ S+ ihapebnrdP <
- 1P Frodygionehranaigishizionalioydol by ragg. S
solidification of the melt on a moving cooling surface at a rate of more
thanRippaoriibesly ab5atysampophatish brabiaxing tdeyofed byby rapid
?‘F’Bbfdmjtilﬁ B@Ei%au}ﬂy o Pehugen H??,H‘%\Fﬂ’y)%ﬁ b&urface at
joined; 10 - Heating of the brazing composite to a temperature above the
liqaidus tempd#ratanecoftthamragpy akayédie 1 Cobling’6#the brazing

com Os'aneaqtcicgrr]n% ied E)y érzle r]formatr;]on Ofi% br%zin%'oirit tientwegﬂ ethe
metal components™ 1o Be joined. 95 18 R0 foroin n% wWo of more
mesiecompporeartepyfoil 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 brazing joint between the metal components

to be joined.

Method for joining two or more metal components by

adhesive force, comprising the following steps:

- Provision of a melt of FeaNipCrcSigBeMosPy with 25 < a <
50 atomic %; 30 < b < 45 atomic %; 5 < c < 15 atomic %; 4
< d < 15 atomic %; 4 < e < 15 atomic %; O < ¥ < 5 atomic
%; O < g < 6 atomic %; and any impurities, wherein 10 <
d+e+g < 28 atomic % with atb+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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17.

18.

19.

adhesive force, comprising the following steps: - Provision of a melt of
FeaNibCrcSidBeMofPgwith 25 < a < 50 atomic %; 30 b 45 atomic %; 5

< c<_15atomic %;4 20<_d<_15atomic 0; 4 e <_ 15 atomic %; 0 <_f
<_ 5 atomic %; 0 g <_ 6 atomic o; and any impurities, wherein 10 <_

d+e+g < 28 atomic % with a+b+c+d+&8f+g = 100; - Production of an
amorphous brazing alloy foil by rapid solidification of the melt on a
movitgabbligg afirflibe ab rzzd ngteasinmoithan apponimaied 108 d/ke-
ForBRian §bA PETAIR0 FRTIRDSHE B G tie CAF-BBNANEKS o be
between the metal components to be joined; - Heating of the brazing
cod@bBRé to a temperature above 30 the liquidus temperature of the
brazing alloy foil; 16 - Cooling of the brazing composite accompanied by

the formation of a joint between the metal components to be joined. 5 17.
Udsafah anoatrhausie Bredid foibdcotaia g ke bhyascaaiing o any

18FOCHRFNY WVoreyy MOreFEMBPASHISP Bnbe8eXIddehfp8Aents of a

exhaust gas recirculation cooler or a fuel cell. 10 18. Brazed object,
cheRE&1<eaan IRt Qe s sashgdaant RGlbaudad oM groler or a
afsphews jductile brazing foil according to any of claims 1 to 10. 15 19.
Brazed object according to claim 18 for use as a heat

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 10.

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

cell.
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exchanger, an exhaust gas recirculation cooler or a fuel cell. 17 Abstract
Amorphous iron-nickel-based brazing foil and brazing method 5 An
amorphous, ductile brazing foil is produced with a composition of
FeaNibCrcSidBeMofPgwith 25 < a <_ 50 atomic 0; 30 <_ b <_ 45 atomic
%; 5 < c 15 atomic %; 4 <_d <_ 15 ddmic %; 4 <e <_15 atomic %; 0 <_
f 5 atomic %; 0 <_ g <_ 6 atomic %; and any impurities, wherein 10 <_

Abstireed < 28 atomic % with 10 a+b+c+d+e+f+g = 100. Excellent brazing
joints can be produced with these brazing foils. 15

Amorphous iron-nickel-based brazing foil and brazing method

An amorphous, ductile brazing foil is produced with a
composition of FesNipCrcSigBeMosPg with 25 < a < 50 atomic %; 30

< b £ 45 atomic %; 5 < c < 15 atomic %; 4 < d < 15 atomic %; 4

IA

< e < 15 atomic %; 0 < f < 5 atomic %; 0 < g < 6 atomic %; and
any impurities, wherein 10 < d+e+g < 28 atomic % with
atb+c+d+e+f+g = 100. Excellent brazing joints can be produced

with these brazing foils.



