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VCS 091 PCT SG +2 1 Description Nickel-based brazing foil and process
for brazing 5 The invention relates to a nickel-based brazing foil and a
process for brazing two or more parts. Soldering is a process for joining
meta) oy ceramic Kiparts using a melted filler material referred to as
solder. The melting temperature of the solder is lower than that of the
parent metals to be joined, which are wetted but not melted by the solder.
Amharacteristicn property of solders is their low melting range, i.e. 15 the
range between the solidus temperature and the liquidus temperature, and
the resulting processing temperatures which typically lie 10C to 50C
above the liquidus temperature. 20 A distinction is made between soft
soldentrg ahd hed soldering, bo biazing, depsendintg do the>processing
temperature of the solder. Soft solders are processed at temperatures
below 450C, whilst hard solders, or brazes, are processed at
tePiserattires abeve 480Et 25 Brazés aiclisdd rrgsislications rowhiehl
highamecpanicakstability efthe soldered jeint and/er pight sechanical
stability at high operating temperatures is desired. 30 Parts made of

stainjess stegl gnd Q”'paﬂlﬁc%%a”%% aﬁ% iiFaquently jained using Nizbased
brazes. These Ni-based brazes may also have a certain chromium
costeiwhichn eesultssd iraproved torrosireresistancet ¢ addition they

may centain he metalloid glemenis silicon. baron 35.and phosPRQIUS e
which result in a reduction’in the VCS 091 PCT SG +2
than that of the parent metals to be joined, which are
wetted but not melted by the solder. A characteristic
property of solders is their low melting range, i.e.
the range between the solidus temperature and the
liquidus temperature, and the resulting processing

temperatures which typically lie 10°C to 50°C above the

liquidus temperature.

A distinction is made between soft soldering and hard
soldering, or brazing, depending on the processing
temperature of the solder. Soft solders are processed
at temperatures below 450°C, whilst hard solders, or
brazes, are processed at temperatures above 450°C.
Brazes are used in applications in which high
mechanical stability of the soldered joint and/or high
mechanical stability at high operating temperatures is

desired.

Parts made of stainless steel and Ni- and Co-alloys are
frequently joined using Ni-based brazes. These Ni-based
brazes may also have a certain chromium content which
results in improved corrosion resistance. In addition
they may contain the metalloid elements silicon, boron

and phosphorus which result in a reduction in the
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2 melting temperature and consequently the processing temperature of
the braze. These elements are also referred to as glass-forming
elements. 5 Ni-Cr-braze alloys are typically available in the form of solder
powdersqarodaced gsing atomizing processes, or in the form of solder
pastes in which the atomized powders_are mixed with organic binding
agents and solvents. 10 When brazing solder pastes, the binding agents
and solvents are decomposed. This can lead to inadequate flow and
weatting ibeh avious andtconseguenthotosa gaen idint. the se prokblemscan

be aypided hy,using aliraze 19 therfprmeolg dyctije foil, whereby a

solder seam an be produced more reliably. Ni-based brazing foils which
cait h& prEGuced ifthe 161t of Aattitd fois 8 Khown from US 4,316,572,

for example. These ductile brazing foils can be produced by means of

rapid selidificationa 20 pracesses @ngiarg at Jeast partiallyamorphods £t rm
isb owever, ]gesir%%!g tg furtr(ljec{ regac§1 thlencost%Oofinra%ing fgi(l)scan% éo
further increase the réﬁlab]ﬁllfy of the Jom?s p?ocﬁjcera with ﬁra%ng fois 25

TRe object BethedrestiorFid tHerefeetospetify W heReltbaser brayzacd
whishdansbe peoducedas.d ducide gand at leastipaiallyamospheus foil
atsfgﬁ rr;f\pge. cost. Furthermore, the joints made with the brazing 30 foil
should be more reliable. This object is achieved by the subject matter of
the 35 independent claims. Advantageous developments are detailed in
thercorréspanding depetelenpelaims., VEBDAMiIRETSGatnts and

solvents are decomposed. This can lead to inadequate
flow and wetting behaviour and consequently to a poor
joint. These problems can be avoided by using a braze
in the form of a ductile foil, whereby a solder seam an
be produced more reliably. Ni-based brazing foils which
can be produced in the form of ductile foils are known
from US 4,316,572, for example. These ductile brazing
foils can be produced by means of rapid solidification

processes and are at least partially amorphous.

It is, however, desirable to further reduce the costs
of brazing foils and to further increase the

reliability of the joints produced with brazing foils.

The object of the invention is therefore to specify a
nickel-based braze which can be produced as a ductile
and at least partially amorphous foil at favourable
cost. Furthermore, the joints made with the brazing

foil should be more reliable.

This object is achieved by the subject matter of the
independent claims. Advantageous developments are

detailed in the corresponding dependent claims.
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3 The invention specifies an amorphous, ductile brazing foil with a
composition consisting essentially of NirestCraBbPCSid with 2 atomic
percent < a < 30 atomic percent; 0.5 atomic percent <_b <_ 14 atomic
percent 215 atomicgercent < ¢ < 20 atomic percent; 0 atomic percent <_
d <_ 14 atomic percent; incidental impurities << 0.5 atomic percent; rest
Ni, where ¢ > b > c¢/15 and 10 atomic percent<_b + c +d <_ 25 atomic
percent. 10 The invention specifies an alternative amorphous, ductile
breizingi foitavithi @ compesitibhecconsistiagoessentially dfict ile brazing

NirgstCraBbRc3IdCexXS¥g with,2 aloyniciRareant sas30;atpmic percent;
0.5 atomic percent <_b < 14 atomic percent; 2 atomic percent < ¢ < 20
atdhic 15 perCent: 0 Blomlic petcet’E §<E A btomig perceht?6 “Rtdfhic
pereenea ei< 05 aterhicnpercent; Gcatbniic befeeht wfeafcatpomicent; 2

Peresnt O glomic percent << ©_ 200Atamisdereent, ingidental impurities
< 05 atomig %erge[ftAi r;? Ni, where ¢ > b > ¢/15 and Jtoaﬁtognic 20.

ercent = omlc perce ; incide mpuritie
pgrcen&_ b+c¢+d<  25atomic ercent, and Where X is “one br more o

the dlefmentMos NBS TS W and TU; dhtl Y BoRe o botk of the/ élenteitts
Fe andtCmila the invention the brazing fpikcartaias she glass+25derming
elements P and B. In one embodiment the brazing foil is silicon-free and
in an alternative embodiment the brazing foil contains silicon, the Si
caMent-BeiRg td O ateRFCpéreent 2 &1 19t6ic feRBAE BB the
indention theoplosphordédntent & irmatoonip opercéntnisgreates thargthe
barogconientninatofpic_percentpybichris.greater than the phasphorys. o n ¢
content.c in atomic percent divided by 15'{'9' where c > b > 2/15. h&
simdfihe Si 2PN BROAEHLS fied withih 35'aFaR§eé 5716 atomic”
percente perqbrle) < 2B atohsicpercent < ¢ < 20 atomic
percent; 0 atomic percent £ d £ 14 atomic percent; 0
atomic percent £ e £ 5 atomic percent; 0 atomic percent
< f £ 5 atomic percent; 0 atomic percent £ g < 20
atomic percent, incidental impurities £ 0.5 atomic
percent; rest Ni, where ¢ > b > ¢/15 and 10 atomic
percent £ b + ¢ + d £ 25 atomic percent, and where X 1is
one or more of the elements Mo, Nb, Ta, W and Cu, and Y

is one or both of the elements Fe and Co.

In the invention the brazing foil contains the glass-
forming elements P and B. In one embodiment the brazing
foil is silicon-free and in an alternative embodiment
the brazing foil contains silicon, the Si content being

d 0 atomic percent < d £ 14 atomic percent.

In the invention the phosphorus content ¢ in atomic
percent is greater than the boron content b in atomic
percent which is greater than the phosphorus content c
in atomic percent divided by 15, i.e. where c¢c > b >
c/15. The sum of the Si , P and B contents lies within
a range of 10 atomic percent £ (¢ + d + e) £ 25 atomic

percent.
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percent. VCS 091 PCT SG +2 4 This sum of the metalloids Si, B and P
and the ratio between the P content and the B content of the nickel-
based brazing foil according to the invention specify a braze which can be
procisiced asmuratdeastpartially 5 amorphous, ductile foil in long lengths
and with small geometrical variations glong the length of the foil. Due to
the increased length of the foil it is possible to reduce production costs. In
addition, the 10 reliability of the solder seams produced with the brazing
foilhid increasedfas the geameflry ofithesfojl i3 unifdérm. Kndwnhe ratio

Nj;Cr:Fsbased,braze alloys such as thage 45 described g$ spjder, s cye1 -
materials NI1107 and NI112 in DIN EN 1044 (Filler metals) and as BNi-7
akd BR- 1210 US AWSE " As 748 BM:2804 (SPE&ficatio for RileP RictakY 2

for rBrazinghand Braze WeldingYoamtbtde prodated as samopgrhousfoils

WH%&Q@H@W,Shdﬁ@QL%Qe}?@?WPﬁe%ggéo?gel%gﬂ%’shiél@”@%ﬁh small
production context, Har ases ich interfere with.the casting process
O e P A B A 3t M o e EFP T 22
As solid particles these hard phases damage the casting nozzle and

therebytinterfere withrsheetproduction afd teve fonagativeiipflyenceion e
geometric sheet auality, A5,2 Lesult, sheat quality 9§E?{ loalgs
continuously as the casting process progresses and it Is impossible to 30
tak%]cb‘%ﬁ%ﬂeﬁ%@aéiﬁe%%riﬁa]éé%ﬁn&eﬁﬁﬁ reatsthat the eastitty
piocess nmyust belintesrupted-afiercal sheort tperiatineardertoodleahantoi 1
overhaylithg Gasting nozzle. Each time the casting process is interrupted,

Known Ni-Cr-P-based braze alloys such as those
described as solder materials NI107 und NI112 in DIN EN
1044 (Filler metals) and as BNi-7 and BNi-12 in US AWS
A5.8/A5.8M:2004 (Specification for Filler Metals for
Brazing and Braze Welding) cannot be produced as
amorphous foils with continuously stable geometry over
long lengths in a mass production context. Hard phases
which interfere with the casting process can be
precipitated during production of the amorphous Ni-Cr-P

foils.

As solid particles these hard phases damage the casting
nozzle and thereby interfere with sheet production and
have a negative influence on geometric sheet quality.
As a result, sheet quality deteriorates continuously as
the casting process progresses and it is impossible to
take counter-measures during casting. This means that
the casting process must be interrupted after a short
period in order to clean and overhaul the casting
nozzle. Each time the casting process is interrupted,
the continuous amorphous foil is broken, making it

impossible to produce long amorphous foil strips.
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the continuous amorphous foil is broken, making it 35 impossible to
produce long amorphous foil strips. VCS 091 PCT SG +2 5 This is
undesirable since an economic production process and the possibility of
further gwlustriéal processing require foils of this type, i.e. foils with lengths
of more than 100 m (metres) which majntain a 5 stable foil geometry
along their entire lengths. Furthermore, processing short foil pieces of
less than approx. 100 m in length is disadvantageous in the further
makchiningsofutheédoils: 01 Ehes variations ancbiiregidaritiesdvhich can occur

with o@@é@%ﬁ%’“kﬁé‘%@%%%%%@}ﬁ foils are also.- disadyantageeus in
terms of the further industrial use of the brazing foils since the amount of

s6ldersappiicd tothe bt i deriinet prim&ri§ By the A5 fofl thitkiess?
Largeaudriatiofis irpseldeéhguantity can (leatte variaticnhimthersoidering
resulffpwhichgan ietira dead torthedailyre of componenis lidhenproblems
ostuhrotrhlen%ghrseand Ilgar%% gggrrpetri%aé ZEO \f%r;iLaltionsecgn be ?V(iideg b%/han
means of the corhpgsi I0NS "acc rcﬁng to the imveRtion. 1t is found that a
smBR Isston tohtéht i aA NP Basddsaidy based trithe i SIS /15

rufe: pernaits the-produstion ef amerphouss foils with stable sheet geometry
over long lengths. The 25 alloys according to the invention also have a
liquidus temperature of below 1080C and good corrosion resistance due

to'the CrPorténtoFhe Tthpdsitishiaccotding to the ivehtion does hot 36"
havesthenaferementionee-tisadvartages ofsignifitant geometrical
vayiations since,sise; of the ralio fecerding {o thesipventipn between, so
thsg{g%gngé%zing foils since the amount of solder
supplied to the joint is determined primarily by the
foil thickness. Large variations in solder quantity can
lead to variations in the soldering result, which can

in turn lead to the failure of components.

The problems of short lengths and large geometrical
variations can be avoided by means of the compositions
according to the invention. It is found that a small
boron content in an Ni-Cr-P-based alloy based on the c
> b > ¢/15 rule permits the production of amorphous
foils with stable sheet geometry over long lengths. The
alloys according to the invention also have a liquidus
temperature of below 1080°C and good corrosion

resistance due to the Cr content.

The composition according to the invention does not
have the aforementioned disadvantages of significant
geometrical variations since the use of the ratio
according to the invention between the P, B and C
content suppresses the formation of damaging hard

phases.

It is possible to produce continuous foil lengths of

several thousand metres which have only very small
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content suppresses the formation of damaging hard phases. 35 It is
possible to produce continuous foil lengths of several thousand metres
which have only very small VCS 091 PCT SG +2 6 fluctuations in
thickness of fess than 20% of nominal sheet thickness. In addition, the
brazing foils according to the invention_have a liquidus temperature of
less than 1080C and can thus be processed at 5 temperatures of under
1100C. Itis possible to maintain the sheet quality within the desired
guality tarderia even at tHeselfoi fengtits. Tdwesambephatis: ductile draziag

foiliaccording to thes 10 inyention;can thus he prgduced in long;lengths

with small geometrical variations, This is advantageous in the further

PrOCESSIAY b the bidying oS Thé FarthériSrodedsify b Aol St 2 ture
brazinkefeils thstypidsl) tekesthedform i slitting, crosstittid, at
C%iﬁb@ﬁ@ etching &??EPH%QH@UUHH@W?EJ fﬁ§ep%%@5 péoq?ﬁses
reguire. the provision.o ng foll. lengths. stable. geo etry In_oraer 1o.
folH bR Teq o oS reriromer e et with frd 58
biazireefoll aceBriing to thesiRferttionl ArRGGSt Dther techniques,

soldering applications for amorphous brazing foils involve winding the foil

arpund . g long, coaling pipe Jn grder 1o splde e pipe 25 ganfinuopisiy to a
continuous spiral cooling fin around its perlpher%%'l?'%ese pipes, up to 30

miRYERgthOare” Ued HeTINfng ProeLCAStdam radtors 18rexdmple.
InsindUistrigkapplicaiions suelr as thisrone iTisi30 desieableto provides in
C@ﬂQ“@H§€Wé%U§FEH@§Q9H§ of the brazing foil.

The further processing of amorphous brazing foils
typically takes the form of slitting, cross-cutting,
continuous etching, stamping or laminating. These
further processes require the provision of long foil
lengths of stable geometry in order to fulfil economic
requirements. These requirements can be met with the

brazing foil according to the invention.

Amongst other techniques, soldering applications for
amorphous brazing foils involve winding the foil around
a long cooling pipe in order to solder the pipe
continuously to a continuous spiral cooling fin around
its periphery. These pipes, up to 30 m in length, are

used as cooling pipes in steam generators, for example.

In industrial applications such as this one it is
desirable to provide continuous foil lengths of more
than 100 m which have a stable foil geometry in order
to be able to apply a fixed layer of solder
continuously to such long pipes. In general, industrial
assembly processes also benefit from or require the use
of long foil lengths in order to avoid uneconomic

frequent machine downtimes of assembly plant.
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than 100 m which have a stable foil geometry in order to be able to apply
a fixed layer of solder continuously to such long pipes. In general,
industrial assembly processes also benefit from or require the use 35 of
longdoih Eengtirsringardepto avoid uneconomic frequent machine
downtimes of assembly plant. VCS 091 PCT SG +2 7 These
requirements can also be met with the brazing foil according to the
invention. In one embodiment the brazing foil has a Cr content of 5 16
atoimie percent <rexadtatonda petcent bEhisdiigher tchromiuimrecontert

preyides.a brazing, foilvyth improyed Gorggsion resistance. Such a brazing

foil can be used for applications involving corrosive media. For example,
this brazing foil with its higher Cr content 10 can be used in motor vehicle
exiraust gasmecirtutation shistems Thegeflactiohefsemissiorrvaliesin of

motormehicle ganstiuigtion leads tg@niingreaseddemand fofdds higher

c%rkrlc]):soioq-resistanﬁgoldererdojvinés usiap srtginienss %eleis %u%hhasl., IT{‘or oved
exampf(%, BINER 14404761 4538 t6 resns%sul%hurous, Aitrousand.
higRICHSHdE medfl 3 appReationsiin vHictr thencorfipdrertts Pefsire vary
2@ bighaggyrasion resistanee,suchns E6R-gexhatisheasaRegiseulation)
caqletsfoL the molonellclg indusiy. for.examele, IR, lormalion of : on.
coarse grains is undesirablesince in addition to reducing mechanical
PrOPRItiss i8R0 reBuled-tie CSiTOSTIT résiétancd of 25 thé EdmpBhentson
Ferthiereason it is, in addition, desirable to achieve a soldering
temperature of below 1100C. In further embodiments the brazing foil has

a B content , , , , ,
The reduction of emission values 1in motor vehicle

construction leads to an increased demand for
corrosion-resistant soldered joints using stainless
steels such as, for example, DIN EN 1.4404 or 1.4539 to

resist sulphurous, nitrous and high-chloride media.

In applications in which the components require very
high corrosion resistance, such as EGR (Exhaust Gas
Recirculation) coolers for the motor vehicle industry,
for example, the formation of coarse grains is
undesirable since in addition to reducing mechanical
properties it also reduces the corrosion resistance of
the components. For this reason it is, in addition,
desirable to achieve a soldering temperature of below
1100°C.

In further embodiments the brazing foil has a B content
of 1 atomic percent £ b < 8 atomic percent and/or a P

content of 5 atomic percent < ¢ £ 18 atomic percent.

Should the brazing foil contain one or more of the
elements Mo, Nb, Ta, W or Cu, in a further embodiment
the content f of this element/these elements may be in

the range 0 atomic percent < f < 3 atomic percent.
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of 1 atomic percent <_ b <_ 8 atomic percent and/or a P 30 content of 5
atomic percent < ¢ < 18 atomic percent. Should the brazing foil contain
one or more of the elements Mo, Nb, Ta, W or Cu, in a further
embodimantpthie cantent f of this element/these elements may be in 35
the range 0 atomic percent < f<< 3 atognic percent. VCS 091 PCT SG +2
8 Should the brazing foil contain one or more of the elements Fe or Co,
the content g of this element/these elements may be within the range 0
ateimic péraant <og sz i h@atdmiclpercentdn0 atomicpencert <o <thk
atomig, Sherceqt. Thehrazipg doil.as aceerding,to ong of thedesedinge se

embodiments may contain silicon or be silicon-free, i.e, may have a Si <
CSTHERESHS albtic Perdert X B <-1fa 16 3%mit FereBitors 5Fcditent 8f
d = G atomic petcersn in one kmbodifenp thecbrazing foilss at kasn$0%
amehaus, preferably at least 80% amorphous. 15 The brazing foils can
have a thickness D of 15 pm << D << 75 um. Furthermore, they may

have a width B of 0.5 mm << B << 300 mm or a width B of 30 mm << B
<Ihs0mAr The Brazing:foils aeesriiny td-thedhgestior-éan itRIRding
pracitiead te dinensignsapproprate: for aplukatityoef 20 applisationse n
further e ' ts_the brazi il has-alength L. of 0 ith
a%ﬁi%n%@%%%%n of %egs%%t)r%}a{qné%éﬁ%%gveé t%% étlg?h %%%ﬁ%%%ﬁ aQngE) a\ll\%t L
leRG L Of RSt FeHst $D0B m withPA Hitkness VAriatin dF RE5thRR TH% " -
over the length of the foil. The brazing foil is provided in the form of a

sheet which 6B e el UpiRodes 19 areate aplyrality.of smaller dgils of

the desired size and/or shaf)e.
amorphous, preferably at least 80% amorphous.

IN

The brazing foils can have a thickness D of 15 um < D

IN

75 um. Furthermore, they may have a width B of 0.5 mm
B £ 300 mm or a width B of 30 mm < B < 150 mm. The
brazing foils according to the invention can thus be
produced in dimensions appropriate for a plurality of

applications.

In further embodiments the brazing foil has a length L
of at least 200 m with a thickness wvariation of less
than 25% over the length of the foil and a length L of
at least 5000 m with a thickness variation of less than
10% over the length of the foil. The brazing foil is
provided in the form of a sheet which can be cut up in
order to create a plurality of smaller foils of the

desired size and/or shape.

The brazing foil according to the invention can be
produced in lengths of several thousand metres. This
has the advantage that the production costs can be
reduced since the quantity of brazing foil with small
geometrical variation and which can be produced from

one casting run is increased.
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30 The brazing foil according to the invention can be produced in lengths
of several thousand metres. This has the advantage that the production
costs can be reduced since the quantity of brazing foil with small 35
gewpetrical variatmm arxd which can be produced from one casting run is
increased. VCS 091 PCT SG +2 9 Thegbrazing foil can also be produced
reliably with small thickness variations: In further embodiments the
brazing foil has a thickness variation from the mean thickness of less than
20%<o\ter azlengthfefiI00-a, abl thickness vadatienl of lessdbary 26%aver

a length of ;,200meand g thicknessvariation of Jesathag k098 AYERRs the

length of 5000 m. In a further embodiment the foil has a thickness

VEHA O S 1685 thal?15 Bm Vet FRRgth’ BF 106 Th I THeSE oliS iR
criteriglsetogt inf10LAYS AB8 THIS uniferm gedmietrytis advantageous
tSri]Eﬁ% Hﬁ@%l§e|<zas§§gt8i@r&dytﬁed érﬁjgn thefoil are rlilme-qur@{t?atﬁ e
eSS can lead I10. S 1IN the SO r.seam an consequ 0 an
phiinakiathad sk et st her S AT AL
aceording t6 the GRvetionRassihall Hhieknestadictions. [rfarthed 1 has
embedimenis $he brazing foils havela2Q liguighs tempearasieerofdess tharh

1%(}095?'85%Fh%‘he@@o?o%ds'e?gFBQ 10R0C respectively, This js, 5,
desirable since the maximum soldering temperature for many industrial
séiliérifg pfocesses, in particular for joining stainless steel parent metals,

is limited to 25 approx. 1200C. As a general rule, the lowest possible

S@*H?@”%Pﬁ@%%%@d%@%?%@%e éﬂﬁggﬂﬁaabgl%gggrs@ince the solder
seams produced from the foil are reliable. Variations
in thickness can lead to gaps in the solder seam and
consequently to an unreliable joint. This problem can
be avoided since the brazing foil according to the

invention has small thickness wvariations.

In further embodiments the brazing foils have a
liquidus temperature of less than 1100°C, less than
1080°C and less than 1050°C respectively. This is
desirable since the maximum soldering temperature for
many industrial soldering processes, in particular for
joining stainless steel parent metals, is limited to
approx. 1200°C. As a general rule, the lowest possible
soldering temperature is best since undesirable coarse
grain formation takes place in the parent metal from a
temperature of 1000°C. This undesirable coarse grain
formation leads to a reduction in the mechanical
stability of the parent metal which is critical for
many technical applications such as heat exchangers,

for example.

The invention also specifies a brazed object with a
first part and a second part. The first part is joined
by fusion to the second part by a solder seam produced

using a brazing foil as according to one of the
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grain formation takes place in the parent metal from a temperature of
1000C. This undesirable coarse grain formation leads to a reduction in
the mechanical 30 stability of the parent metal which is critical for many
tecbpicabapplcations such as heat exchangers, for example. The
invention also specifies a brazed obje ta/vith a 35 first part and a second
part. The first part is joined by fusion to the second part by a solder seam
produced using a brazing foil as according to one of the VCS 091 PCT
SEre2:40iprecedingiembadimerts.el hebgbject thius haseas salden séam

produced by means gfa brazing foil as gecording io.the ingvention, 5t 4

also sgfﬁmfies an exhaust gas recirculation cooler and a heat exchanger
with aitSt pAY&RE5°8econd part in which the first part is joined by fusion
to the second part by a solder seam produced using a brazing foil as

ageordingdo gneaf the preceding embedifagntse d0-m one-emkodisagnt
the f(liTSt part ggd é@(ec iecond part t%re m%ge o{a stz%ljgless &t%el. The

and a he anger wil a r? .Fa .ﬁn s?coHd
stainless steel may, Tor ample e an austenitic stainless steel or have

tepAficCor mixeejeints. IRiterhatvelpaké phftsinayels be nfatelera to the
Nisalioyher @ &eraliny. Thesolder seaam lgsatethbetveenithe partsiaay ng
haye a thickness 9&!{‘}1"%‘9 fhan, 13 um- 20,1 %%Pe%%e&gbegs .%ﬁ?f%‘é.?ﬁ?éeﬁ%s :
joining two or more parts by fusion. In one process a brazing foil as
according to one of the preceding embodiments is inserted between two
orlmooa parsitoteneined. The partssto ejoinethbavena highesmielting t

lempergiiie of 5 stainless steel. The stainless steel may,
for example, be an austenitic stainless steel or have
ferritic or mixed joints. Alternatively, the parts may

be made of a Ni-alloy or a Co-alloy.

The solder seam located between the parts may have a

thickness of more than 15 um.

It also specifies processes for joining two or more
parts by fusion. In one process a brazing foil as
according to one of the preceding embodiments is
inserted between two or more parts to be joined. The
parts to be joined have a higher melting temperature
than the brazing foil. The solder joint is heated to a
temperature above the liquidus temperature of the braze
and below the melting temperature of the two parts. The
solder joint is then cooled between the parts to be

joined, thereby forming a brazed joint.

The parts to be joined may be parts of a heat exchanger
or an exhaust gas recirculation cooler or an oil cooler
or components of a heat exchanger or an exhaust gas

recirculation cooler or an oil cooler.

The invention also discloses processes for producing an

amorphous ductile brazing foil. In a first embodiment a
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25 than the brazing foil. The solder joint is heated to a temperature above
the liquidus temperature of the braze and below the melting temperature
of the two parts. The solder joint is then cooled between the parts to be
joinegl, thareby forgaing a brazed joint. 30 The parts to be joined may be
parts of a heat exchanger or an exhayst gas recirculation cooler or an oil
cooler or components of a heat exchanger or an exhaust gas
recirculation cooler or an oil cooler. 35 The invention also discloses
procésses for producing aniamonthaus. ductiehmzng foil.th &first omic

embpdimenta YCS Q31 BCT$C 12 11.moltep mass.eansistingofene < p

N|<restCraBchSid with 2 atomic percent < a < 30 ato<mic percent; 0.5 .
afomic pefcdit & H5 L1k atomit Patcent S Ht6Mic percent £ ¢ £26™1¢
atemicpercent; dtatomic perceans d 4 14 tomicopercent Bdacitdental
iwﬁ@§nﬁa@5ﬁ{€[ﬁ(‘ip%@§ng restsNi twhere @aAlbcéglclﬁ ﬁr&%gm,
atomic percent<_b+¢c+d< atomic percent. An amorphous dyctile
EOTERIo € thotubdd By FApid LOIGERon SR Eahoon rabsont 2t <
movingteobligufaes withPa caBliiiPssesd ermbid eldthanidppréeil 1s
1@5efseedn, further @mkodiment ebthisoprosess A amarpiousass on
d;&%%@ﬁ%“%%‘f&? O%‘ﬂﬁeﬁaf am.a molten mass; consisting essentially
of NirestCraBbPcSidCeXtYg with 2 15 atomic percent'< a < 30 atomic
pére@ht; BB afmic Peréelit<C b <_ 14 atomic percent; 2 atomic percent
< c < 20 atomic percent; 0 atomic percent <_d <_ 14 atomic percent; 0

atpmig PRGN 5+€ SbRIPMIE PEreant;d, ;atomic, percent s f 52 SIINIC,

pgggggfgmgggggggﬁpéil is produced from a molten mass
consisting essentially Of Ni,estCriBpPcSigCeXeYqy with 2
atomic percent £ a £ 30 atomic percent; 0.5 atomic
percent £ b £ 14 atomic percent; 2 atomic percent £ ¢ <
20 atomic percent; 0 atomic percent £ d £ 14 atomic
percent; 0 atomic percent £ e £ 5 atomic percent; 0
atomic percent < f £ 5 atomic percent; 0 atomic percent
< g £ 20 atomic percent, incidental impurities £ 0.5
atomic percent; rest Ni, where ¢ > b > ¢/15 and 10
atomic percent < b + ¢ + d £ 25 atomic percent, and
where X is one or more of the elements Mo, Nb, Ta, W

and Cu, and Y is one or both of the elements Fe and Co.

This invention discloses a process for joining by
fusion two or more parts comprising the following
steps:

- provision of a molten mass consisting of
NirestCraBpPeSiy with 2 atomic percent £ a £ 30 atomic
percent; 0.5 atomic percent £ b £ 14 atomic percent;
2 atomic percent < ¢ £ 20 atomic percent; 0 atomic
percent £ d £ 14 atomic percent; incidental
impurities £ 0.5 atomic percent; rest Ni, where ¢ > b
> ¢/15 and 10 atomic percent < b + ¢ + d £ 25 atomic

percent.



20 << g << 20 atomic percent, incidental impurities <_ 0.5 atomic percent;
rest Ni, where ¢ > b > ¢/15 and 10 atomic percent<_b+c+d<_25
atomic percent, and where X is one or more of the elements Mo, Nb, Ta,
Wy@ndoGu, angrY 4s 0me or both of the elements Fe and Co. 25 This
invention discloses a process for joinirl%by fusion two or more parts
comprising the following steps: - provision of a molten mass consisting of
30 NirestCraBbPCSid with 2 atomic percent < a < 30 atomic percent; 0.5
atormie pércentsn € dd atomigpercent;r 2 atomicfparcebty< cap20

atomig, percent. O AtoIIc, peIcsDt o £ 5. 14 2lamic percept; i@%d%gh ing

impurities <_ 0.5 atomic percent; rest Ni, where ¢ > b 35 >c/15and 1
atonﬁB?é?Ee%t%l_t@ﬁc FUAL DS atdifiic” pelcdft A7CE YL PER'SE 2
12 -Ifroduttier of an amorphous brazing foil by rapid solidification of the

5 molteR Massi ¢ adrowung £oaking -gurtecewithia cooking spegd ehmore
thanbarpaprox. 19%99/3@&% - f%rrr%?ltion %ftaa iolde]r: 'oént bﬁ}/ iQsertngnof he
brazing foll between the metal parts to be joined: - hieating of tHe sofdef

jointhe atteRrfperaturd abeve Brliguidus- temperahfBRST v Biivd foile -
coolifigeof the soldes jaibtiedorn arjoin betieem - thegmetal parts to be
joined, &fpiher praggss Janigining By fysian tyg of moreoRats pamplsss
the followingsteps: - provision of a molten mass consisting of 15

10 NiresttGaBBPeSideeXsy g With 2 atGhitSpercent < a < 30

A further process for joining by fusion two or more

parts comprises the following steps:

- provision of a molten mass consisting of

15 Ni estCraBpPcSi4qCeXsYy with 2 atomic percent < a < 30
atomic percent; 0.5 atomic percent £ b £ 14 atomic
percent; 2 atomic percent £ ¢ £ 20 atomic percent; 0
atomic percent < d £ 14 atomic percent; 0 atomic
percent £ e £ 5 atomic percent; 0 atomic percent < f

20 < 5 atomic percent; 0 atomic percent £ g £ 20 atomic
percent, incidental impurities £ 0.5 atomic percent;
rest Ni, where ¢ > b > ¢/15 and 10 atomic percent < Db
+ ¢ + d £ 25 atomic percent, and where X is one or
more of the elements Mo, Nb, Ta, W and Cu, and Y is

25 one or both of the elements Fe and Co;

- production of an amorphous brazing foil by rapid
solidification of the molten mass on a moving cooling
surface with a cooling speed of more than approx.
10°°C/sec;

30 - formation of a solder joint by the insertion of the
brazing foil between the metal parts to be joined;

- heating of the solder joint to a temperature above
the liquidus temperature of the brazing foil;

- cooling of the solder joint to form a joint between

35 the metal parts to be joined.
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atomic percent; 0.5 atomic percent <_ b <_ 14 atomic percent; 2 atomic
percent < ¢ < 20 atomic percent; 0 atomic percent <_d <_ 14 atomic
percent; 0 atomic percent < e <5 atomic percent; 0 atomic percent < f 20
<g&zatowic percent; Oratomic percent <_ g <_ 20 atomic percent,
incidental impurities <_ 0.5 atomic perg nt; rest Ni, where c >b > c/15
and 10 atomic percent<_b + ¢ +d <_ 25 atomic percent, and where X is
one or more of the elements Mo, Nb, Ta, W and Cu, and Y is 25 one or
bath afrike elémeritsdrecand € e praduction of lan amarphous drazing foib

by rapid ,sqlidificatign of the, moften Mags.on aypaving ¢ealing: suriace
with a cooling speed of more than apgo,x. 1050C/sec; 30 - formation of a

sOIABALI by he inerfion bf e Brazind foilbetvedAthe Thetdl parts to
be joiped; 1 heatifigpokthedsoiderjoint t-a semperdtbre alseveo the liggidusim

temperatute of the brazing faily- caeling-ofithe solder jainttoformsrjoint
betweenm3 th% rrg:eetalt%arts trorbe 'oir%edc. VC% (9 le,eF;Cl:E SG EchleBs In one
embodiment the %eating of the <older jom}ﬁo a empera?ur% above the
lidfid @y terisetaiure BT ehé I a2ing oI isteified dut FtineRt g2 This
simplifiés the soldering process as the use of a vacuum 5 furnace can be
avoided. In particular, the use of a vacuum furnace to carry out the
soldering process can be avoided if the processing temperature is below

1160C. TR FdtRaFARGGRent ife Reatng 6r (e rj6ihies aloint
temperaturaabdoue the ligiidus ternperatureicfithe tltazigefoil i:carfiedhe

o%@ﬁfﬁ%&“@@?ESI@ﬂéggried out in a continuous furnace.
This process is simplified if it can be carried out in
inert gas. The use of a continuous furnace has the
advantage that the soldering process can be carried out
continuously. This reduces the time lost during the

process.

The invention is explained in greater detail below with

reference to the drawings and embodiments.

Fig. 1 shows a thickness measurement across the
sheet cross-section of a comparison
foil.

Fig. 2 shows a thickness measurement across the
sheet cross-section of a brazing foil

as according to the invention.

The invention specifies an amorphous, ductile brazing
foil which has a composition consisting essentially of
NiyestCraBpPeSiy with 2 atomic percent £ a £ 30 atomic
percent; 0.5 atomic percent £ b £ 14 atomic percent; 2
atomic percent £ ¢ £ 20 atomic percent; 0 atomic
percent £ d £ 14 atomic percent; incidental impurities

< 0.5 atomic percent; rest Ni.



This process is simplified if it can be carried out in inert gas. The use of a
continuous furnace has the 15 advantage that the soldering process can

be carried out continuously. This reduces the time lost during the
pracesg.ofihertmveption s explained in greater detail below with 20
reference to the drawings and emboditin4ents. Fig. 1 shows a thickness
measurement across the sheet cross-section of a comparison foil. 25

Fig. 2 shows a thickness measurement across the sheet cross-section of

a brazibg foili &g atcoiding ta thienigvehtiory BOsEhef invention specifies anp
amorphous, ductile hrazing. foil which has @ compesifian.ceRsising: peing
essentially of NirestCr,BbPCSid with 2 atomic percent < a < 30 atomic
pEFCEAE D5 BitsHic Pt b LA Riorfic Peréert™2 CalBifiC béfeent

< 20 atemicrpercemt; Ohatomid185 pleecarit & ud <c duftatomic percent;
ingidental iMpURtes <iQ-batemig percent; rest Ni. VGS 09 PGT SG +2
14, The razing foi contains the olass-forming elements £ and B the, .
phosphorus conten]Pc in"atomic percentt elrgg greater than theboron

catenth irradNHiE pefcdrtewhichns gidaér tHanithe phRdpRerus dohtet
C 415 atemicperegnidivided by 1% i.encthb >refdS ofrusthermokethei ¢

p%rétg@%%ftthg glass-forming gleggergstgmggd}%]@@gn%i.in the event that it

is'used as a third glass-forming element, is in the region of 10 atomic
percent<_b +c +d <_ 25 atomic percent. 10
Brazing foils with this composition can be produced in

sheet lengths of over 200 m with small thickness

variations.

The compositions of the brazing foils according to the
invention and the compositions of comparison brazing
foils are detailed in Table 1. The liquidus temperature
and Lpax value of the various brazing foil sheets are

also given in Table 1.

The value Lp.x describes the foil length which can be
produced as a continuous sheet without interruption
with the absolute minimum and maximum geometric
variations from the mean sheet thickness not exceeding
25%.

The foils are produced in the form of sheets by means
of rapid solidification technology. To produce the
sheets a molten mass of the desired composition is
prepared. The molten mass is rapidly solidified on a
moving cooling surface with a cooling speed of over
approx. 10°°C/sec in order to produce an amorphous,
ductile foil sheet.

Alloys 1 to 5 and 12 in Table 1 are comparison alloys

and are not according to the invention.
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Brazing foils with this composition can be produced in sheet lengths of
over 200 m with small thickness variations. 15 The compositions of the
brazing foils according to the invention and the compositions of
compansan brazirggs foifs are detailed in Table 1. The liquidus temperature
and Lmax value of the various brazing.foil sheets are also given in Table
1. 20 The value Lmax describes the fo]ﬂgength which can be produced as
a continuous sheet without interruption with the absolute minimum and
maxinys georetBic evartations from the meanrshiees thiekngss notass-

exceafing; 25123%n The foils areproduged, inythe formiof sBEetsiby p ang
means of rapid solidification technolagy. To produce the sheets a molten

mass of the désifed CorfpaSition &30 PrefaredSThé mottehMads is
rapidiy solidifiéd oR s miboving cBolimy surfacelwitly alébdling speed of over

g@gﬁxesa%%@/sgg irﬁg&@;&g fﬁé%@&eta%mph@ﬁ%b@%ié%m sheetmum
oys 0o an inila re comparison alloys and are not
Qg 16t R ICEDo PO R 1L AR T 1 5 AacRn

contain P but not B as the glass- forming element, and alloys 4 and 5

eadh egrfain, P and4 Si butnet B 2s glass-fosmingaelentents. IAlOys2 50 m
capiains 2, B and 3. Howsyer aloy 42 nas 4 Cr Sspnigpiol g2 alomic
percent which is above the maximum [imit of the brazing foil accor ing to
tHelAGentbnt OAtoys™, 219, UK TS Ladh hate availe LATHX EYOlrgrh or
lesseT hiesel allay ssdmbdtepeyatitiieproduction of a

Alloy 3 is produced with a value Lpj.x of 5000 m, but has
no Cr content. Consequently the corrosion resistance of
this alloy is insufficient for many applications. Alloy

3 is not according to the invention.

Alloys 6 to 11 and 13 to 22 are according to the

invention.

Alloy 6 has a composition of Ni,es:Cr20B4P19Siy, a liquidus
temperature of 1010°C and Lgax of 2000 m. Alloy 7 has a
composition of Ni,estCrz9BgPip, a ligquidus temperature of
1020°C and Lp.x of 5000 m. Alloy 8 has a composition of
Ni,estCrigBsPsSisMoiCu;, a liquidus temperature of 1050°C
and Lpax of 5000 m. Alloy 9 has a composition of
Ni,estCrooBsP1oSigFe1o, a liquidus temperature of 1020°C
and Lpsx of 4000 m. Alloy 10 has a composition of
Ni,estCrig.sBsPi17.1, a liquidus temperature of 890°C and Lpax
of 5000 m. Alloy 11 has a composition of
Ni,estCrig.sBi.sP17.1, a liquidus temperature of 895°C and
Lpax ©f 5000 m. Alloy 13 has a composition of

Ni estCrzoBsPsSisCo1p, a liquidus temperature of 1050°C and
Lpax 0f 4000 m. Alloy 14 has a composition of
Ni,estCrisB1.2P17, a liquidus temperature of 900°C and Lpax
of 30 5000 m. Alloy 15 has a composition of

Ni,estCri7BsP10Siig, a liquidus temperature of 1025°C and
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10 brazing foil of the commercially desired length with the desired stable
geometry. Alloy 3 is produced with a value Lmax of 5000 m, but has no
Cr content. Consequently the corrosion resistance of 15 this alloy is
ingoficent faromagy; applications. Alloy 3 is not according to the invention.

Alloys 6 to 11 and 13 to 22 are according to the invention. 20 Alloy 6 has

a composition of NirestCr20B4P10Si7, a liquidus temperature of 1010C
and Lmax of 2000 m. Alloy 7 has a composition of NirestCr20B8PIlo, a
liquidus tenperature of 11020Q anddmax oot Adloy Bthas a
C@@OPOS@Plg@I 2 ,N'5881%@%6%3F%@é@%@ﬂ&%@%@m@@%e of.

and Lmax of 5000 m Alloy 9 has a composition of

Nﬁés@%B%‘PlééﬂS?—‘élol a I}Pﬁﬁdﬁs EHpSaidre Bt 1820C and Lmax of
ADUQ1; AlBy 181h&3 & cemposition o NieestCri6 BB3P 7%, adiguidusnd

temg)gra&u re o) 69QC and bpax 80.efHQ00mAday 11 hasacomposition

Nlre tCri6.5B1,5P17.i, a Ilqu dus temperature of 895C and L
5 005 %ﬁ(‘% % %s 3azcéfnpos!]llo% ]Tg]lél)lrest%fnraoﬁ%@§%€mo% ¥ ang
liduidu®ferpétatite Gt 1088C lahd atnax 6PAB0G AL KBy 48 has a
cmpeggiti@{m; 35, Nirestcr14B1,2P3 ;i adiguitisdemperatere-af 9000 and

2 9f 30 3000 gy Allpy 15 has acomposition.of NiesiGry7B3PioSilo,

a liquidus temperature of 1025C and VCS 091 PCT SG +2 16 LLmaz of
3%@%%%?216%35 a?‘céﬁﬂﬁﬁél%ﬁ of Wiresteras4 P17 ]epl%hléfu§nd Lmax
tenfperatuverof 930Candimaz sok5000npw Alloy A7 kas & tormyositivn of 4,

NiresGH3B2»P 13313, iquides tempeyggire of 980€ and, s Liagz) 02000

M. AIon 1 has a composition of
Al 2 has a composition of Ni,estCrs,Bs.5P13Sis, a

liquidus temperature of 1010°C and ILg.x of 5000 m.

In the invention the brazing foil contains Cr, P and B,
the elements P and B each having a content selected

such that ¢ > b > ¢/15. Furthermore, the content of the
glass-forming elements Si, P and B lies in the range 10

atomic percent < b + ¢ + d £ 25 atomic percent.

This percentage of glass-forming elements and the ratio
between the P and the B content permits the production
of sheets in long lengths with small geometric
variations. Lpsx 1s thus increased. It is assumed that
the formation of brittle hard phases is suppressed
during rapid solidification so that it is possible to
produce the foil sheet in long lengths with small

thickness variations.

Alloys 6 to 11 and 13 to 22 in Table 1 fulfil these
criteria and are according to the invention. The table
indicates that the alloys according to the invention
are produced in the form of sheets each with a value
Lpax ©f 2000 m or more. Alloys 7, 8, 10, 11, 14 and 16
to 22 are each produced with a value Lp.x of 5000 m, the

ends of which are constitutional.
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NiresCri8B2.5P13Si3Cu4, a liquidus temperature of 990C and Lmaz of
5000 M. Alloy 19 has a composition of NirestCri8B2.5P13Si3MO1, a
liquidus temperature of 1010C and Lmaz of 5000 m. Alloy 20 has a
camposition pf 10 MirestCr20B2.5P14, a liquidus temperature of 1000C
and Lmaz of 5000 m. Alloy 21 has a (:anosition of NirestCr22B2.5P14,
a liquidus temperature of 1000C and Lmaz of 5000 m. Alloy 22 has a
composition of NirestCr22B2.5P13Si3, a liquidus temperature of 1010C
and Lmaz of 5000 m. 15 In the invention the brazing foil contains Cr, P

and B, }JQeﬁJemeotSﬁ and B eagh haying a,contentselegled such that g
> b > ¢/15. Furthermore, the content of the glass-forming elements Si, P
afd BAERIA THE TAHGE 16 DoiBmic fEkeRtE B+ 30 < B atdimic ©YS
pércent This/ pércehtagencf gldssformimg ekententd amddhé raties glass-—
betwegnthe ) and the; B content permits the production of sheets in long
lengths with small geometric 25 variations. Lmaz is thus increased. It is
assumed that the formation of brittle hard phases is suppressed during

rapid selitificetiontso thaeitds pessiblens i pmdutentsa el sieet ayonly 7/
lengthsnwith smadinthickness varigtions B0cAlleysH toltandrsrto 22 in

T%?'Sr&'e‘%’t{! these %QEF{ 2 and are aceording 1o the %’fﬁ&ogig(s?}\%ﬁaﬁbé‘?

indicates that the alloys according to the invention are produced in the

fotrhlobsheet a4 With'lvalfié 351 M&2Bf 206G A 6Fdre. Allsys'7, 8,
16,tHy i1« ard-t6nto Z2areleacivprodiced withth galyedsmar okHAGG M,

thglgﬂgﬁggyvhg:ﬁ%r; @r@g}%@ﬂﬁg \{\QS; 0811: Pa%ES'ﬁ) +§E‘t7mic percent
Fe. In addition to the glass-forming elements, alloy 13
contains Ni, Cr and 10 atomic percent Co. These alloys
each have a value Lpax 0of 2000 m or more. In addition to
the glass-forming elements, alloy 18 contains P, B and
Si, Ni, Cr and 4 atomic percent Cu. In addition to the
glass-forming elements, alloy 19 contains P, B, Si, Ni,

Cr and 1 atomic percent Mo.

Fig. 1 shows a thickness measurement across the sheet
cross section of comparative alloy 1 in Table 1 at a
sheet length of 200 m. The variations in minimum and
maximum sheet thickness from the mean value are shown
in the figure. Fig. 1 illustrates that in this example
the variations are above 50%. Such variations are
undesirable for mass produced products and also

unacceptable for many applications.

Fig. 2 shows a thickness measurement across the foil
cross section of alloy 10 as according to the invention
at a sheet length of 200 m. Fig. 2 illustrates that the
variations in minimum and maximum sheet thicknesses
from the mean value lie below 10%. The variations in
thickness of the brazing foil according to the
invention are much smaller than the wvariations in

thickness measured with comparative alloy 1 shown in



Alloys 7, 10, 11, 14, 16, 20 and 21 each have P and B as glass-forming
elements and are silicon-free. Alloys 6, 15, 17 to 19 and 22 each have P,
B and Si as glass- 5 forming elements. In addition to the glass-forming
eleorents allbys 6s, 410 and 11 contain only Ni and Cr and no further
elements. In addition to the glass-formjng elements, 10 alloy 8 contains
Ni, Cr, 1 atomic percent Mo and 1 atomic percent Cu. In addition to the
glass-forming elements, alloy 9 contains Ni, Cr and 10 atomic percent
Fe.ily.additiamte theiglass:fomming elementte, alloyzlith gontains bli;dCrrarichg
10 gtargic pe{cent:GeThesealloys 15ieaghhave.a valie,Lmax of 2000 m
or more. In addition to the glass-forming elements, alloy 18 contains P, B
an@ SitRF Cr and 4 atomic percent Cu. In addition to the glass-forming
elements, alloy 19 contains P, B, Si, Ni, Cr and 1 atomic percent Mo. 20
Fig. 1 shows a thickness measurement across the sheet cross section of
comparative alloy 1 in Table 1 at a sheet length of 200 m. The variations
in minimum and maximum sheet thickness from the mean value are
shown 25 in the figure. Fig. 1 illustrates that in this example the variations
are above 50%. Such variations are undesirable for mass produced
products and also unacceptable for many applications. 30 Fig. 2 shows a
thickness measurement across the foil cross section of alloy 10 as
according to the invention at a sheet length of 200 m. Fig. 2 illustrates
that the variations in minimum and maximum sheet thicknesses from the
mean value lie below 10%. The variations in 35 thickness of the brazing
foil according to the invention are much smaller than the variations in
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thickness measured with comparative alloy 1 shown in VCS 091 PCT SG
+2 18 Fig. 1. The foil geometry of the brazing foil according to the
invention is more uniform over long sheet lengths. VCS 091 PCT 19
Claims dls Anearphous, ductile Ni-based brazing foil with a composition
consisting essentially of 5 NirestCraBhPCSid with 2 atomic percent < a <
30 atomic percent; 0.5 atomic percent<_b <_ 14 atomic percent; 2
atomic percent < ¢ < 20 atomic percent; O atomic percent d <_ 14 atomic
percent; incidental impurities <_ 0.5 10 atomic percent; rest Ni, wherein ¢
>BS¢M% and 10 atomic percent<_b +c+d <_ 25 atomic percent. 2.
Amorphous, ductile Ni-based brazing foil with a composition consisting

egsentighy eb HiouNirestcraBbRcFid-GeXBrg with 21algmie pereentx a<

30 atomig percent; 0,5 ajomic percent.<_bs 14 alomie percent; 2
atomic pet%ent <¢ <20 atdmic pergent;sﬁ atomic percent<_ d <_ 14

atomic percent; 0 atomic percéht=<= <528 atdmic percent; 0 atomic
percentv< <05 atasniCcpekcentDatomic peptent congi s @2Oratemic 0.5

percent,  incidental jmpyties 5 0.3 @t%ﬂi&npfécf&@eﬁﬂt'\,“’ wherei >
b > ¢/15 and 10 atomic percent<_b +c +d <_ 25 atomic percent, X is

one or RTE Dt 2516 efern@nts MB-1NbPPE SR 4rid Busdrid™Y 5s BREoFRt
both ofdhé elementsiFe-apd Coe 3t Amorphdes, uttiferprazingifed ik 0.5

accordaneg\Withpercent; rest Ni, wherein ¢ > b > ¢/15 and

10 atomic percent < b + ¢ + d £ 25 atomic percent.

2. Amorphous, ductile Ni-based brazing foil with a

composition consisting essentially of
Ni,estCraBpPeSigCeXsYy

with 2 atomic percent < a £ 30 atomic percent; 0.5
atomic percent < b £ 14 atomic percent; 2 atomic
percent < ¢ £ 20 atomic percent; 0 atomic percent
d £ 14 atomic percent; 0 atomic percent < e < 5
atomic percent; 0 atomic percent < f £ 5 atomic
percent; 0 atomic percent < g < 20 atomic percent,
incidental impurities < 0.5 atomic percent; rest
Ni, wherein ¢ > b > ¢/15 and 10 atomic percent < b
+ ¢ + d £ 25 atomic percent, X is one or more of
the elements Mo, Nb, Ta, W and Cu and Y is one or
both of the elements Fe and Co.

3. Amorphous, ductile brazing foil in accordance with
claim 1 or claim 2,
characterised by
a Cr content of 16 atomic percent < a < 30 atomic

percent.

4. Amorphous, ductile brazing foil in accordance with
one of the preceding claims,

characterised by

<

<
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claim 1 or claim 2, 30 characterised by a Cr content of 16 atomic percent
< a < 30 atomic percent. 4. Amorphous, ductile brazing foil in accordance
with 35 one of the preceding claims, characterised by VCS 091 PCT SG
+220 a B contentaof I atomic percent <_ b <_ 8 atomic percent. 5.
Amorphous, ductile brazing foil in acco%rgance with 5 one of the preceding
claims, characterised by a P content of 5 atomic percent < ¢ < 18 atomic
percent. 10 6. Amorphous, ductile brazing foil in accordance with one of
the presedingaaimst charatterisediby @&t content obd < @ atamicic
percen%e'llscérﬁmorphous, ductile brazing foil in accordance with one of
claims 1 to 5, characterised by a Si content of 0 atomic percent<b <_ 14
atomic percent. 20 8. Amorphous, ductile brazing foil in accordance with
onre of slaimpRaos, chardctérsedrinzhat0 atonicipereentos flaa Gatoati:

percentn25 9« AmrphReus, ductile brazingSfoil in accordance with one of
da”nsgﬁgﬁgcterised by
a P content of 5 atomic percent £ ¢ £ 18 atomic

percent.

6. Amorphous, ductile brazing foil in accordance with
one of the preceding claims,
characterised by

a Si content of d = 0 atomic percent.

7. Amorphous, ductile brazing foil in accordance with
one of claims 1 to 5,
characterised by
a Si content of 0 atomic percent < b £ 14 atomic

percent.

8. Amorphous, ductile brazing foil in accordance with
one of claims 2 to 7,
characterised in that

0 atomic percent < £ £ 3 atomic percent.

9. Amorphous, ductile brazing foil in accordance with
one of claims 2 to 8,
characterised in that

0 atomic percent < g £ 5 atomic percent.

10. Amorphous, ductile brazing foil in accordance with
claim 9,
characterised in that

0 atomic percent < g £ 1 atomic percent.

11. Amorphous, ductile brazing foil in accordance with

one of the preceding claims,
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characterised in that O atomic percent < g <_ 5 atomic percent. 30 10.
Amorphous, ductile brazing foil in accordance with claim 9, characterised
in that O atomic percent < g <_ 1 atomic percent. 35 11. Amorphous,
ductite brazimg foilgn acgordance with one of the preceding claims, VCS
091 PCT SG +2 21 characterised in that the brazing foil is at least 80%
amorphous. 12. Amorphous, ductile brazing foil in accordance with 5 one
of the preceding claims, characterised by a thickness D of 15 pm << D <<
75 um.d'3: Amarphoasdductile- beazing foil in accordance with 10 one of

the precgding claims, characterised by, a yadthdd of 9pmp, 558 << 300

mm. 14. Amorphous, ductile brazing foil in accordance with 15 claim 13,
characterised by a width B of 30 mm << B << 150 mm. 15. Amorphous,
ddétile brexzipd foiksin ateokdaheelwitr 20jorMe of therprecedingataimsyith

charactgkised by xarationn thickness fram a mean thickness of less
than 25% overﬁ Ien%thé)f 200 m. 25 16. Amorphous, ductile brazing foil in
t

accordance with “one o heyprecedlng claims,
a thickness D of 15 um £ D < 75 um.

13. Amorphous, ductile brazing foil in accordance with
one of the preceding claims,
characterised by
a width B of 0.5 mm < B £ 300 mm.

14. Amorphous, ductile brazing foil in accordance with
claim 13,
characterised by
a width B of 30 mm < B £ 150 mm.

15. Amorphous, ductile brazing foil in accordance with
one of the preceding claims,
characterised by
a variation in thickness from a mean thickness of

less than 25% over a length of 200 m.

16. Amorphous, ductile brazing foil in accordance with
one of the preceding claims,
characterised by
a variation in thickness from a mean thickness of

less than 20% over a length of 100 m.

17. Amorphous, ductile brazing foil in accordance with
one of the preceding claims,
characterised by
a variation in thickness from a mean thickness of

less than 10% over a length of 5000 m.
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characterised by a variation in thickness from a mean thickness of less
than 20% over a length of 100 m. 30 17. Amorphous, ductile brazing foil in
accordance with one of the preceding claims, characterised by a variation
imtbickness from amean thickness of 35 less than 10% over a length of
5000 m. VCS 091 PCT SG +2 22 18. orphous, ductile brazing foil in
accordance with one of the preceding claims, characterised by a variation
in thickness from a mean thickness of 5 less than 15 pm over a length of
106 m.z2k& Avhanphpusiuductile biazing fojl it @actordanee avithd @necfihie h

preceding.claims, characterised by 19 a;liguidus temperature of less than

1100C. 20. Amorphous, ductile Brazing foil in accordance with claim 19,
characfe?i2&a by°15 4 iguidtis temperature of less than 1080C. 21.
Amorphous; diuetifedsrazimgtfoil irkaecorddameewithmelaim 20i ckness of

charactesised ty20 adiquidussempgratureefless thaymp1@h0C. 22. An
exhaust gas recirculation cooler having a first part and a second patrt, the
first part being joined fast to the second part by a solder seam produced
25 Bsintye bRy foildk @etéridnee Aitone of cldinsCryggnce with

one of the preceding claims,
characterised by

a ligquidus temperature of less than 1100°C.

20. Amorphous, ductile Brazing foil in accordance with
claim 19,
characterised by

a ligquidus temperature of less than 1080°C.

21. Amorphous, ductile brazing foil in accordance with
claim 20,
characterised by

a ligquidus temperature of less than 1050°C.

22. An exhaust gas recirculation cooler having a first
part and a second part, the first part being joined
fast to the second part by a solder seam produced
using a brazing foil in accordance with one of

claims 1 to 21.

23. An exhaust gas recirculation cooler in accordance
with claim 22,
characterised in that
both the first part and the second part are made of

a stainless steel.

24. An exhaust gas recirculation cooler in accordance
with claim 22 or claim 23,
characterised in that

the solder seam > 15 um.
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23. An exhaust gas recirculation cooler in accordance with claim 22, 30
characterised in that both the first part and the second part are made of a
stainless steel. 24. An exhaust gas recirculation cooler in accordance 35
with slaimi22arrclaon 23, characterised in that the solder seam > 15 um.
VCS 091 PCT SG +2 23 25. A heat ec? hanger having a first part and a
second part, the first part being joined fast to the second part by a solder
seam produced using a 5 brazing foil in accordance with one of claims 1
to 21. 26. A heat exchanger in accordance with claim 25, characterised

inghat 10 both the, first pait and the §dSC%”f% padare made, of; astainlessy
steel. 27. A heat exchanger in accordance with claim 25 or claim 26, 15

charack#séd irr fivat thé S51de? EEamtis 3915 M 98, AthzEq objkct
having adfirstpantant acsecondo parrthecfrst pare Beiredoinedfaseto the

20 second par by soldenseamdraduced ysing aheazing Qikitns 1 to
accordaqce with one of claims 1 to 21. 29. A brazed object in accordance

with claim™28, 25 characterised in that both the first part and the second
part are made of a stainless steel.

26. A heat exchanger in accordance with claim 25,
characterised in that
both the first part and the second part are made of

a stainless steel.

27. A heat exchanger in accordance with claim 25 or
claim 260,
characterised in that

the solder seam is > 15 um.

28. A brazed object having a first part and a second
part, the first part being joined fast to the
second part by a solder seam produced using a
brazing foil in accordance with one of claims 1 to
21.

29. A brazed object in accordance with claim 28,
characterised in that
both the first part and the second part are made of

a stainless steel.

30. A brazed object in accordance with claim 28 or
claim 29,
characterised in that

the solder seam is > 15 um.

31. Process for producing an amorphous ductile brazing
foil comprising the following steps:
- provision of a molten mass consisting of

NirestCraBpPeSiy with 2 atomic percent < a £ 30
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30. A brazed object in accordance with claim 28 or 30 claim 29,
characterised in that the solder seam is > 15 um. 31. Process for
producing an amorphous ductile brazing 35 foil comprising the following
steps: OProvisiaon gtza Awlten mass consisting of NirestCr,BbPCSid with 2
atomic percent < a < 30 VCS 091 PCT2§G +2 24 atomic percent; 0.5
atomic percent <_ b <_ 14 atomic percent; 2 atomic percent < c < 20
atomic percent; O atomic percent <_d <_ 14 atomic percent; incidental
impuritiesat of.bcatomic Srpercentsrest diiwherereeic> €/15 &nd 40
atomic peLGenlss Bt ghs. 25 AUMIGPALENL rPrOAUCION B! A oni .

amorphous ductile brazing foil by rapid solidifi atiog of the molten mass

on a moVity E68ling Surfac®with BToofiRg spefd of 10 MbrE'tHan
approx. 108asChkset; 32 rRrodess for producing Bdsarmoiphdus ductile
brazing f@éﬁ@@ﬁﬂsingé% f@d@,vvicrl;mé&?mé- EQ%visioepi@ makien mass
consistin 15 NirestCraBpPcSidCeXfYg with 2 gtomjc percent < a < 30
atomic PRS0 TRt Borsaht L b 2 T4 alonniE e Hesmer
percent <RI P0Gt perceht20atdmieperéert< g Lrprammiéol ]
percent; gtonie pereant K8 £i-atomie perceite2th0 atemicnpereeph< 4
<< 5 atomje percent; Q atomic eent<. 9.5 20 atomic percent £
incidental i%npurigﬁeéof_ O.lg(y atgm%lrc égﬁtecelvr';t;trestgl N?%erg%:e gggs %/105
and 10 atBRCpéient 2PRPE + ¢ & 58 S&6mic percent, and where X is
one or more of the

32. Process for producing an amorphous ductile brazing

foil comprising the following steps:

- Provision of a molten mass consisting of
Ni estCraBpPcSi4CeXsYy with 2 atomic percent < a < 30
atomic percent; 0.5 atomic percent < b £ 14
atomic percent; 2 atomic percent £ ¢ £ 20 atomic
percent; 0 atomic percent £ d £ 14 atomic
percent; 0 atomic percent £ e £ 5 atomic percent;
0 atomic percent < £ £ 5 atomic percent; 0 atomic
percent £ g £ 20 atomic percent, incidental
impurities < 0.5 atomic percent; rest Ni, where c
> Db > ¢/15 and 10 atomic percent £ b + ¢ + d £ 25
atomic percent, and where X is one or more of the
elements Mo, Nb, Ta, W and Cu and Y is one or
both of the elements Fe and Co,

- production of an amorphous ductile brazing foil
by rapid solidification of the molten mass on a
moving cooling surface with a cooling speed of

more than approx. 10°°C/sec.

33. Process for joining by fusion two or more parts
comprising the following steps:
- insertion of a brazing foil in accordance with
one of claims 1 to 21 between two or more parts
to be joined, the parts to be joined having a

higher melting temperature than the brazing foil;
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25 elements Mo, Nb, Ta, W and Cu and Y is one or both of the elements
Fe and Co, - production of an amorphous ductile brazing foil by rapid
solidification of the molten mass on a moving cooling surface with a
coalimgospeedcf 8@ mare than approx. 1050C/sec. 33. Process for joining
by fusion two or more parts comprisingSthe following steps: - insertion of a
brazing foil in accordance with 35 one of claims 1 to 21 between two or
more parts to be joined, the parts to be joined having a higher melting
temperature dham theobirazing foil 1 ES @l PCTt8Gat 2 2hpeheating=of

the solder jgint fo atemperature, abovg the liquidus tempegratyre.of the

braze; - cooling, of the solder joint, thereby forming a brazed joint between

the parfs f0°5e joifed 5 34 ProResS foriGinthy by itife ivd 8F ford 2
parts conprisirg theofollowirey steps: -threvisiortef & mditenimassd.
consisting of NirestCraBbPCSid with 2 atomic percent<a <30 10

alomic percent.0-p alomis percent,2_p.< ; 14 3lomic percent 2 Alomic
péercént<c <20 atomic’ percen(f; Atomic percent<_d<_ ffa%mic

percent dREdSHAN N FUHtiesd LoBiaemic Fetcent; rest Ni, where ¢ > b
> ¢/15 ang 48vliatemie pescemt <t dn +rtat € < ods atamicpereent,, -
production, of an-amorphous dygtile brazing foil BX rapid,solidification of
the molten mass on a moving cooling surface with a coo in%speed of
more tharf&fiptbx. BO5GERRE; -5 atomic percent = b = 14

atomic percent; 2 atomic percent < ¢ £ 20 atomic
percent; 0 atomic percent £ d £ 14 atomic
percent; incidental impurities £ 0.5 atomic
percent; rest Ni, where ¢ > b > ¢/15 and 10
atomic percent £ b + ¢ + d £ 25 atomic percent,,

- production of an amorphous ductile brazing foil
by rapid solidification of the molten mass on a
moving cooling surface with a cooling speed of
more than approx. 10°°C/sec;

- formation of a solder joint by the insertion of
the brazing foil between the parts to be joined;

- heating of the solder joint to a temperature
above the liquidus temperature of the brazing
foil;

- cooling of the solder joint, thereby forming a

brazed joint between the parts to be joined.

35. Process for joining by fusion two or more parts

comprising the following steps:

- provision of a molten mass consisting of
Ni estCraBpPcSiqCeXsYy with 2 atomic percent < a < 30
atomic percent; 0.5 atomic percent < b £ 14
atomic percent; 2 atomic percent < ¢ £ 20 atomic
percent; 0 atomic percent £ d £ 14 atomic
percent; 0 atomic percent £ e £ 5 atomic percent;
0 atomic percent < £ £ 5 atomic percent; 0 atomic

percent £ g £ 20 atomic percent, incidental
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20 - formation of a solder joint by the insertion of the brazing foil between
the parts to be joined; - heating of the solder joint to a temperature above
the liquidus temperature of the brazing foil; 25 - cooling of the solder joint,
therebyoformingra slrazed joint between the parts to be joined. 35.

Process for joining by fusion two or marg parts comprising the following
steps: 30 - provision of a molten mass consisting of
NirestCraBbPcSidCeXflg with 2 atomic percent < a < 30 atomic percent;
0.5 atomid perceht ke b € 145 atomie pergentr2 mtomiceparcant, < ele2@ c

atomic percgnt; Oatomic, parcent 5. o5 < 14atemic 32 pgreent; Q atpmic, 5
percent < e < 5 atomic percent; 0 atomic percent < f << 5 atomic percent;

0 atomic PEREERE LG S Dby atditic BTERL, IndidefaFves BT P s&e
+2 26 impudrtiest s OMoatoiiic péecert, estNG wizere ¢ >ils >qits and

10 atomicpareept<_rher e tGhen2d atomigpereent, and where X is one
or more of the elqcrr.l1ents 0, Nb, Ta, W.and C and.\ieis gne or5 bo%h o{

the eler_ne%soég%ndoeo,o- pr%augfpoonrg an amolﬁﬁﬁolus ductité Jbrrlaniné) foil

by rapid selidifie&tich 6Pthethdlicirnees onfa theviig teolingastface 2
with a coolingispgedf 1mote thanraprroxi105eC/sec 1t gfarmatianof a

solder joi?&tﬁ) ein.?glgignaoé{glg@kelf@filolae/tyg pthe parts to be joined; -
e so 0

heating o ler joint to a temperature above the liquidus
temperétﬁ@%ﬁﬁéﬁf&zﬂ% qoﬁsolder Joint by insertion of a

brake foil between the parts to be joined;

- heating of the solder joint to a temperature
above the liquidus temperature of the brazing
foil;

- cooling of the solder joint, thereby forming a

brazed joint between the parts to be joined.

36. Process for joining by fusion two or more metal
parts in accordance with one of claims 33 to 35,
characterised in that
the parts to be joined are parts of a heat
exchanger or an exhaust gas recirculation cooler or

components thereof.

37. Process in accordance with one of claims 33 to 36,
characterised in that
the heating of the solder joint to a temperature
above the liquidus temperature of the brazing foil

is carried out in inert gas.

38. Process in accordance with one of claims 33 to 37,
characterised in that
the heating of the solder joint to a temperature
above the liquidus temperature of the brazing foil

is carried out in a continuous furnace.
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15 - cooling of the solder joint, thereby forming a brazed joint between the
parts to be joined. 36. Process for joining by fusion two or more metal
parts in accordance with one of claims 33 to 35, 20 characterised in that
theqeartsoto bejpirsed are parts of a heat exchanger or an exhaust gas
recirculation cooler or components thereof. 25 37. Process in accordance
with one of claims 33 to 36, characterised in that the heating of the solder
joint to a temperature above the liquidus temperature of the brazing foil is
carfieddurt irvihest gasa 30r38. Rrotessinsaccordanceswithi ohe @f €laihs
33 to 37, characterisedyip thatthe heating of fhe splderjaintd,a 5 ¢ 4
temperature above the liquidus temperature of the hrazing foil 35 is
carried Btft in 5EORGRTETs RINERE WSS 081 PET B G227 59 UsROrH
brazingrfoildn ccordaace with one of claims 1 to 21 for brazing two or
more parts of a heat exchanger or exhaust gas recirculation cooler or oil
C%Her.%?s40.0 eofa atl)gaezeiirrg %ccg(r)q:?acnecwith ong of glaim§ 1 io 21 forl
joining y?usmn?wo or more par% made 6t adstenitiC staifless steel or a
Npa“ofgrglcéqmoypg@ing by fusion two or more parts made
of austenitic stainless steel or a Ni-alloy or a

Co-alloy.





