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NICKEL BASED ALLOY WITH HIGH MELTING RANGE SUITABLE FOR
BRAZING SUPER AUSTENITIC STEEL

FIELD OF THE INVENTION

This invention relates to an nickel based brazing filler metal suitable for brazing
components made of super austenitic stainless steel or components made of
similar materials when high corrosion resistance is required, for example In
chloride environments. Typical examples of products made from the brazed
components are heat exchangers. The invention relates also to a brazing

method.

BACKGROUND

Brazing Is a process for joining metal parts with the help of brazing filler metal
and heating. The melting temperature of a brazing filler metal is below the
melting temperature of the base material but above 450°C. Below this
temperature the joining process Is called soldering. The most commonly used
brazing filler metals for brazing stainless steels are based on copper or nickel.
Copper based brazing filler metals are preferred when considering cost
advantages while nickel based brazing filler metals are needed in high corrosion
and high temperature application. Copper Iis for example often used for heat

exchangers for district heating and for tap water installations.

Nickel based brazing filler metals with high chromium content are used for their
high corrosion resistance in applications exposed to corrosive media. Nickel
based brazing filler metals may also be used in high service temperature
applications. A typical application exposed to high corrosive environment is heat

exchangers for cooling with aggressive cooling media.

There are several different types of nickel based brazing filler metals listed In
the American Welding Society (ANSI/AWS A 5.8) standard. Many of these
nickel based brazing filler metals are used for brazing heat exchangers. BNi-2
with the composition Ni-7Cr-3B-4,5Si-3Fe (7% by weight of Ni, 3% by weight of

1
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B, 4.5% by weight of Si, 3% by weight of Fe and balanced with Ni) is used for
producing high strength joints in high temperature applications. The presence of
boron is however a disadvantage since it may cause embrittlement of the base
material when boron is diffused into the base material. The diffusion of boron
may also cause local reduction in corrosion resistance as CrB Is formed at the
grain boundaries. Other nickel based brazing filler metal containing boron has

the same disadvantage.

To overcome the disadvantage of boron other nickel based brazing filler metals
were developed. BNI-5 (NI-19Cr-10S1) has high corrosion resistance due to the
high chromium content. The brazing temperature for this alloy is rather high
(1150-1200°C) and when only using silicon as melting point depressant the
flowability Is limited. Other boron free nickel based brazing filler metals are BNI-
o (NI-10P) and BNi7 (Ni-14Cr-10P). The brazing temperatures for these brazing
filler metals are lower due to the high content of phosphorous of 10wt% which
also renders the brazing filler metals excellent flow properties. The high
phosphorous content (10wt%) may however form a brazed joint without the

required strength due to the risk to form phosphorous containing brittle phases.

Another nickel based brazing filler metal is described in patents US6696017
and US6203754.This brazing filler metal has the composition Ni-29Cr-6P-4Si
and combines high strength and high corrosion resistance with a fairly low
braze temperature (1050-1100°C). This brazing filler metal was specially

developed for a generation of EGR coolers used In high corrosive environment.

Another nickel based filler metal is described in US patent application
US2013/0224069A1. This document describes a brazing filler metal with good
corrosion resistance to hydrochloric acid. The alloy contains 6-18wt%
molybdenum, 10-25wt% chromium, 0.5-5wt% silicon, 4.5-8wt% phosphorous
and the remainder being nickel and unavoidable impurities. The various alloys

described have liquidus temperatures of 1120°C or lower.
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The highest practical temperature consistent with limited grain growth according
to ASM speciality hand book Stainless Steel is 1095°C. Therefore a brazing
temperature below this is preferred to avoid the problems with grain growth in
the stainless steel component.

Super austenitic stainless steels, like Type 254 SMO® or Type 654SMO® from
Outokumpu, Is less prone to be subjected to grain growth at elevated
temperatures. However, In such steels brittle sigma phases are easily formed
around 1050°C. Brazing of components subjected to corrosive environments,
made from super austenitic stainless steels, with nickel based brazing filler
metal Is difficult and challenging. The reasons are e.g. that sufficiently high
brazing temperature has to be applied in order to avoid formation of brittle
sigma and chi phases during the solidification of the joint but the brazing
temperature has to be low enough to prevent erosion of the base material. The
brazing metal must also have good enough flow in order to effectively fill gaps
and crevices.

This makes most existing brazing alloys unsuitable for brazing super austenitic
steels. BNI 5 has a melting interval suitable for brazing super austenitic
stainless steel. However, the corrosion resistance of BNI 5 Is insufficient to
function with these types of steels in the environment the steels are designed
for.

The conventional nickel based filler metals with best corrosion resistance, Ni-
29Cr-0P-435i1, does not work with the super austenitic stainless steel grades in
chloride environment. While NI-29Cr-6P-4Si has good enough corrosion
resistance, the solidus temperature is too low to avoid formation of sigma
phases in the base material during cooling which deteriorates the properties of
the super austenitic stainless steel. Thus, there is a need for a nickel based
brazing filler metal having a solidus temperature above 1140°C and being able

to form joints which can withstand corrosive chloride containing environments.
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SUMMARY

The invention discloses a nickel based brazing filler metal in form of an alloy
containing or consisting of between 20wt% and 35wt% chromium, between
/wt% and 15wt% iron and between 2.5wt% and 9wt% silicon, between Owt%
and 15wt% molybdenum, unavoidable impurities and the balance being nickel.
The solidus temperature of the brazing filler shall be between 1140°C and
1220°C. The brazing filler metal is suitable for production of catalytic converters
and heat exchangers.

The invention also discloses a brazing method.

DETAILED DESCRIPTION

In one aspect of the present invention there Is provided a brazing filler metal
with superior corrosion resistance matching super austenitic stainless steels.
Examples of products suitably brazed with the new nickel based brazing filler
metal are heat exchangers, such as plate- or tube heat exchanger that are used
In Industrial applications or automotive applications such as in exhaust gas
cooling systems. Catalytic converters of different types are also possible
applications made from super austenitic stainless steels. The new brazing filler

metal may also be used for brazing of conventional stainless steel grades.

In another aspect of the present invention there is provided a brazing method
involving the use of the new brazing filler metal for brazing super austenitic

stainless steels. In a further aspect there iIs provided a brazed product.

In order to avoid formation of brittle sigma phases, forced cooling from at least
1050°C to at most 600°C has to be applied. The solidus temperature of the
brazing metal has to be at least 1140°C in order to ensure complete
solidification of the brazing joint before rapid cooling is applied, otherwise there

IS a risk of forming cracks and voids In the joint during rapid cooling.
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The brazing filler material in the form of powder, paste, tape, foil or other forms
IS placed at the gap or in the gap between the surfaces of the base materials
which are to be joined. The package is placed in an oven in a reducing
protective atmosphere or in vacuum, and heated to a temperature above the
liquidus temperature, at least above 1200°C, and kept at that temperature until
completed brazing, i.e. the brazing filler metal is melt and by capillary forces the
melted brazing filler metal wets the surface of the base material and flows into
the gap. During cooling below the solidus temperature a solid brazed joint is
formed. When the solid joint is formed the brazed component can be subjected
to forced cooling, which means that the component is subjected to a stream of

an inert cooling gas under high pressure, typical at least 10 bar.

Thus, a brazing method according to the present invention will encompass the

following steps;

a) applying a brazing filler metal material according to any of the embodiments
according to the present invention to at least one part of stainless steel or to a
combination of parts of stainless steel and if applicable assembling parts of
stainless steel to an article,

b) heating the article to the brazing temperature, a temperature above the
iquidus temperature of the brazing filler metal, at least above 1200°C,

c) holding the part(s) at the brazing temperature until complete brazing is
obtained,

d) cooling the brazed parts to a temperature below solidus of the brazed joint,

e) cooling the brazed parts from a temperature of at least 1050°C to 600°C or
below at forced cooling with an inert cooling gas at a pressure of at least 10 bar,

f) recovering the article.
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In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 2°C/second from at least 1050°C to at most 600°C is
used.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 2°C/second from at least 1100°C to at most 600°C
has to be applied.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 2°C/second from at least 1120°C to at most 600°C
has to be applied.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 5°C/second from at least 1050°C to at most 600°C is
used.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 5°C/second from at least 1100°C to at most 600°C
has to be applied.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 5°C/second from at least 1120°C to at most 600°C
has to be applied.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 7°C/second from at least 1050°C to at most 600°C is
used.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 7°C/second from at least 1100°C to at most 600°C
has to be applied.

In one embodiment of the brazing method according to the invention forced
cooling at a rate of at least 7°C/second from at least 1120°C to at most 600°C

has to be applied.

According to one embodiment the brazing filler metal may be provided in
powder form. The formation into powder of the brazing filler metal may be
accomplished using methods known in the art. For example, powders having

the composition defined in the claims can be made by melting a homogeneous

6
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alloy and converting them to a powder by an atomization process. The mean
particle size of the powder can range between 10 — 150um, preferably between
20 — 100um and most preferably between 30-70um. The mean particle size
may be determined by using the method described in EN24497 or expressed as
median particle diameter Xso according SS-ISO 13320-1. Mean particle size or
median particle diameter shall here be interpreted as the size of a particle In a
population of particles where 50% by volume or weight of the population is

smaller than this size and 50% by volume or weight is larger than this size.

Typical super austenitic stainless steel grades are found in Table 1. Other such
steel grades are AL6XN and 925hMo. Super austenitic stainless steel may be
defined as an austenitic stainless steel containing nickel, chromium,
molybdenum and nitrogen and having PREN No. above 45, defined according
to ASM Handbook Volume 13A, 2003. PREN No. here given by the equation
PREN No0.=%Cr+3.3*%Mo+30*%N. The high molybdenum content together
with high chromium and nitrogen contents has given these grades excellent

corrosion resistance and improved mechanical properties.

Outokumpu 254 UNS S34565 Outokumpu 654
SMO® SMO®
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(UNS S31254) (UNS S32654)
C 0.020 max 0.020 max 0.020 max
Cr 19.5-20.5 24 24.0-25.0
N 17.5-18.5 17 21.0-23.0
Mo 6.0-6.5 4.5 7.0-8.0
N 0.18-0.22 0.45 0.45-0.55
Cu 0.50-1.00 0.30-0.60
S 0.010 max 0.005 max
P 0.030 max 0.030 max
ol 0.80 max 0.50 max
Mn 1.00 max 5.5 2.00-4.00
Fe Balance Balance Balance

10

13

Table 1. Example of Super austenitic stainless steel

All stainless steel contain by definition a minimum of 11% chromium, few
stainless steels contain more than 30% chromium. Chromium content above
11% is required for the formation of the protective chromium oxide layer which
gives the steel its corrosion resistant characteristics. The higher chromium
content, the better corrosion resistance but when the content increases, the flow
properties are negatively affected and brazing alloys with chromium content
above 25 % are very rarely used. Chromium contents above 35% may cause
decrease In the joint strength as several intermetallic phases are created.
Thus the chromium content of the new brazing filler metal is between 20 and
35wt%, preferably between 25-33wt%. In some embodiments more narrow
Intervals may be desired.

To reduce the melting point of the alloy a melting point depressants are added.
It is well known that silicon, boron and phosphorous is effective melting point
depressants.

Commonly a combination of at least two melting point depressants is used In
brazing filler metals in order to obtain sufficient properties, such as wetting and

flow. In the present invention it has however been shown that at only silicon can
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be usedq, facilitating production of the brazing filler metal and handling when
used.

A content of silicon above 9wt% is not suitable since the risk for brittle phase
formation is too high and content below 2.5wt% renders the brazing filler metal
iInsufficient flow properties. The silicon content of the brazing filler metal Is
therefore 2.5-9wt%. In some embodiments more narrow intervals may be
desired.

The new brazing filler metal contains iron between 7-15wt%, preferably
between 8-12wt% in order to obtain sufficient flow properties and molybdenum
between 0-15wt%, preferably between 5-10wt%, preferably between 6-10wt%
and most preferably between 7-10wt%. In some embodiments more narrow
Intervals may be desired.

Unavoidable impurities are normally components which are present in an
amount lower than 2wt%, preferably lower than1wt% and in such a small
amount that the presence of the component does not substantially influence the
properties of the brazing filler material. Carbon may In this context be regarded
as an unavoidable impurity and in certain embodiments of the present invention
the carbon content shall be below 0.05% by weight.

The constituents of the brazing filler metal are contained in prealloyed form.

In one embodiment of the present invention the nickel based brazing filler metal

COMPpPrises:

Chromium (Cr): 20-35wt%
Iron (Fe): 7-15wt%
Silicon (Si): 2.5-9wt%
Molybdenum (Mo): 0-15wt%
Inevitable impurities 2wWt% max

Balanced with nickel (Ni).

In another embodiment of the present invention the nickel based brazing filler

metal comprises:
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Cr: 295-35wt%
Fe: 7-15wt%
Si: 3-8wt%
Mo:. 5-10wt%

5 Inevitable impurities Twt% max

Balanced with nickel (Ni).

In another embodiment of the present invention the nickel based brazing filler

metal comprises:

10 Cr: 295-35wWt%
Fe: 7-15wt%
Si: 3-8wt%
Mo:. 0-10wt%
Inevitable impurities Twt% max

15 Balanced with nickel (Ni).

In another embodiment of the present invention the nickel based brazing filler

metal comprises:

20  Cr: 25-33wt%
Fe: 8-12wt%
Si: 3-8wt%
Mo: 7-10wt%
Inevitable impurities Twt% max

25 Balanced with nickel (Ni).

30 In still another embodiment of the present invention the nickel based brazing

filler metal comprises:
Cr: 28-32wt%

10
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Fe: 8-12wt%

Si: 3-8wt%

Mo: 0-9wt%
Inevitable impurities 0.5wt% max

Balanced with nickel (Ni).

In still another embodiment of the present invention the nickel based brazing

filler metal comprises:

Cr: 28-32wt%
Fe: 8-12wt%

Si: 6-8wt%

Mo: 0-9wt%
Inevitable impurities 0.5wt% max

Balanced with nickel (Ni).

In one embodiment of the present invention the nickel based brazing filler metal

COMPriSes:

Chromium (Cr): 20-35wt%

Iron (Fe): 7-15wt%

Silicon (Si): 2.5-9wt%

Molybdenum (Mo): 0-15wt%

Inevitable impurities 2wt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

In another embodiment of the present invention the nickel based brazing filler
metal comprises:

Cr: 295-35wWt%

Fe: 7-15wt%

11
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Si: 3-8wt%
Mo: 5-10wt%
Inevitable impurities Twt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

In another embodiment of the present invention the nickel based brazing filler

metal comprises:

Cr: 25-35wWt%

Fe: 7-15wt%

Si: 3-8wt%

Mo: 0-10wt%

Inevitable impurities Twt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

In another embodiment of the present invention the nickel based brazing filler

metal comprises:

Cr: 25-33wt%

Fe: 8-12wt%

Si: 3-8wt%

Mo: 7-10wt%

Inevitable impurities Twt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

In still another embodiment of the present invention the nickel based brazing

filler metal comprises:

Cr: 28-32wt%
Fe: 8-12wt%
Si: 3-8wt%
Mo: 0-9wt%

12
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Inevitable impurities 0.5wt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

In still another embodiment of the present invention the nickel based brazing

filler metal comprises:

Cr: 28-32wWt%

Fe: 8-12wt%

Si: 6-8wt%

Mo: 6-9wt%

Inevitable impurities 0.5wt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

The brazing filler metal has a solidus temperature between 1140°C and 1220°C,
the melting range (i.e. difference between liquidus temperature and solidus
temperature) should be narrow i.e. below 100°C. Solidus and liquidus
temperatures may be determined by Differential Scanning Calorimetry (DSC).
The brazing filler metal has an excellent ability to flow and penetrate the gap to
be brazed. Also the molten braze alloy is not eroding the base metal when it is
molten because the well balanced composition of the new nickel based filler
metal limits the driving force of diffusion into the base material. Erosion Is
defined as a condition caused by the dissolution of the base metal by the
molten brazing filler metal, resulting in a reduction of the base metal thickness.
Erosion always increases with higher brazing temperature because the diffusion
rates of the elements are increasing with the temperature.

The brazing filler metal according to this invention may be in the form of powder
which may be produced by either gas or water atomization. Depending on the
application technique different particle size distribution is needed. When applied
to the parts to be brazed the brazing filler metal, in this context denoted as a
brazing filler metal material, may be in form of powder or in form of a paste,

tape, or foll.

13
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The brazing filler metal is suitable for vacuum furnace brazing or in reducing
atmosphere with a dew point below - 30°C. In order to avoid or reduce
evaporation of chromium, the vacuum furnace, after reaching a vacuum level of
5 <10-3 Torr, may be backfilled with an inert or reducing gas to a pressure of
some Torr.
The brazing filler metal has a solidus temperature of at least 1140°C and
produce crack free joints with good corrosion resistance when brazed at
1200°C, or higher, without any observed grain growth. Because the brazing filler
10  metal is acting on capillary forces, the wetting of the brazing filler metal on the
base material to be brazed is crucial, a requirement the brazing filler metal

according to the present invention fulfils excellently.

13

20

25

EXAMPLES
30  As reference brazing filler metal Ni-29Cr-6P-4Si (Nio13) was used. Ni613 is a
nickel based brazing filler metal produced by Hoganas AB, Sweden, and is the

filler metal with the best corrosion resistance on the market.

14
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Table 2 shows the chemical compositions of the samples according to the
Invention, comparative samples and the reference sample. The amount of each
component is given in weight percent. The expression ‘bal’ (balance) means
that the remaining material in the melt consists of NI, and unavoidable impurities
present in such a small amount that the presence of the component does not

substantially influence the properties of the brazing filler material.

EXAMPLE 1

Melting range and flow.

A first criterion to be satisfied for the brazing filler material is that the solidus
temperature is between 1140C and 1220°C. Furthermore the melting range
should be narrow i.e. below 100°C. It can be seen in table 2 that the
temperature at which the brazing filler metal melts and brazes is affected by
phosphorous, manganese and silicon. The chemical analysis was performed
according to known analytical methods, solidus liquidus temperatures were
measured by Differential Scanning Calorimetry (DSC) analysis was run on a
STA 449 F3 Jupiter instrument. The heating rate was set to 10K/min and the

purge gas was Argon.

The flow was tested by putting a 0, 5g of brazing alloy on a flat stainless steel
plate. Then the sample was brazed at a temperature above liquidus in high
vacuum. After the brazing the molten alloy was studied and the area covered by
molten alloy was measured. Large area is good as it shows god wetting which
IS required for good flow property. Also the alloy should not separate in two or
more phases. That was also deemed as not acceptable. Good (acceptable), OK

(acceptable) and Bad (not acceptable) were used to summarize the result of the

flow test.

Sample P Sl Mo | Ni Cr Fe Mn | TSol | TLig Flow
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No. °C °C
1 (comp) 3 3.2 | 80| bal. | 30.0 | 10.0 1051 | 1150 | Good
2 (comp) 4 20 [ 80| bal. | 29.0 | 10.0 1058 | 1173 | Good
3 (comp) 4 09 |79 | bal. | 290 | 104 1054 | 1204 | Bad
4 (comp) 3 1.9 | 8.0 | bal. | 30.0 | 10.0 1062 | 1230 | Bad
5 (comp) 123 | 7.6 | bal. | 28.8 | 11.6 1000 | 1253 | Bad
6 (comp) 104 | 7.5 | bal. | 287 | 11.2 | 5.8 | 1070 | 1250 | Bad
7 (Inv) 7.1 7.5 | bal. | 29.1 | 11.1 1150 | 1210 | Good
8 (comp) 22 | 88 | 7.5 | bal. | 30.1 | 10.2 1000 | 1176 | Good
9 (comp) 2.1 6.5 | 7.8 | bal. | 296 | 10.1 990 | 1100 | Good
10 (comp) | 1.1 96 |75 | bal. | 294 | 10.7 | 29 | 990 | 1210 | Bad
11 (comp) 11.0 | 7.6 | bal. | 28.9 | 11.5 1023 | 1240 | Bad
12(comp) | 1.5 | 7.7 | 7.7 | bal. | 293 | 104 | 1.7 | 997 | 1120 | Bad
13 (comp) | 1.1 94 | 7.7 | bal. | 29.2 | 10.6 1000 | 1120 | Bad
14 (inv) 3.1 7.5 | bal. | 28.7 11.1 1195 | 1208 | OK
15 (inv) 4.9 7.8 | bal. | 29.3 10.2 1190 | 1227 | OK
16 (comp) 7.6 | bal. | 29.0 | 11.0 1350 | 1380 | Bad
17 (comp) 2.0 7.5 | bal. | 289 | 10.1 Bad
NIi613 7 4 bal. | 29.0 980 [ 1030 | Good
(ref)

CA 02973526 2017-07-11

Table 2 Composition of alloys, result of melting and flow tests.

EXAMPLE 2
5 Braze test, inter metallic phases.
As reference the brazing filler metal powder Ni-29Cr-6P-4Si was used to braze
steel plates of SMO654 at 1150°C in vacuum. The brazed joint was allowed to
cool without any forced cooling to a temperature of 1000°C. Below this
temperature forced cooling at a pressure of 10bar of nitrogen to a temperature
10  of 500°C was applied. This sample was compared to a brazed sample
according to the invention, sample no 7 brazed at 1250°C with steel plates of
SMO654 using forced cooling at a pressure of 10bar of nitrogen, from 1150°C
to a temperature of 500°C. The brazed samples were investigated by
metallography to identify any inter metallic phases in the grain boundaries.
15
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In the sample subjected to forced cooling from 1000° C, precipitates were found
In the grain boundary all the way through the metal sheet, figure 1. In the
second sample, forced cooled from 1150°C, using a brazing filler metal
according to the invention, the amount of inter metallic phases were heavily

reduced and the grain boundaries are only visible in the surface, figure 2.

EXAMPLE 3

A pure SMO654 sheet was put in the furnace and heated to 1180°C and cooled
slowly, I.e. without forced cooling. As reference a pure SMOG54 sheet was put
in the furnace at 1250°C and subjected to forced cooling from 1150°C, at a
pressure of 10bar of nitrogen, to a temperature of 500°C. The two sheets were
then tested for tensile test. The specimen not exposed to forced cooling is much
less ductile, due to formation of intermetallic, than the specimen exposed to
forced cooling from above 1150°C as shown by the stress-strain curve in.

Figure 3.

FIGURE LEGENDS
Figure 1, Sample cooled rapidly below 1000°C, precipitates in grain boundaries.
Figure 2, Sample forced cooled from 1150°C, few precipitates in grain

boundaries.

Figure 3. Elongation of sample as function of applied force.
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CLAIMS

1. A nickel based brazing filler metal comprising:

Chromium (Cr):
Iron (Fe):

Silicon (Si):
Molybdenum (Mo):
Inevitable impurities

Balanced with nickel (Ni).

2. A nickel based brazing filler metal comprising:

Chromium (Cr):
Iron (Fe):

Silicon (Si):
Molybdenum (Mo):
Inevitable impurities

Balanced with nickel (Ni).

3. A nickel based brazing filler metal comprising:

Cr:

Fe:

Sl

Mo:

Inevitable impurities

Balanced with nickel (Ni).

4. A nickel based brazing filler metal comprising:
25-35wWt%

Cr:

Fe:

Sl

Mo:

Inevitable impurities

Balanced with nickel (Ni).

18
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20-35wt%
7-15wt%
2.5-9wt%
0-15wt%

2wWt% max

20-35wt%
7-15wt%
2.5-9wt%
0-15wt%

PCT/EP2016/052906

2wt% max, whereof C is below 0.05%

295-35wWt%
7-15wt%
3-8wt%
5-10wt%

1wt% max

7-15wt%
3-8wt%
5-10wt%

1wt% max, whereof C is below 0.05%
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5. A nickel based brazing filler metal comprising:

Cr: 295-33wt%
Fe: 8-12wt%
Si: 3-8wt%
Mo:. 7-10wt%
Inevitable impurities Twt% max

Balanced with nickel (Ni).

6. A nickel based brazing filler metal comprising:

Cr: 295-35wWt%
Fe: 7-15wt%
Si: 3-8wt%
Mo:. 0-10wt%
Inevitable impurities Twt% max

Balanced with nickel (Ni).

/. A nickel based brazing filler metal comprising:

Cr: 25-35wWt%

Fe: 7-15wt%

Si: 3-8wt%

Mo: 0-10wt%

Inevitable impurities Twt% max, whereof C is below 0.05%

Balanced with nickel (Ni).

3. A nickel based brazing filler metal according to any of claims 1-7
characterised Iin that the metal is present as a powder having mean particle size
between 10 —150um, preferably between 20—-100um, most preferably 30-70um.

9. A brazing filler metal material containing a brazing filler metal according to

any of claims 1-7 characterized in that brazing filler material is in form of
powder, paste, strip or foll.
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10. A method for brazing an article comprising at least two parts of stainless
steel, comprising the steps of;

a) applying a brazing filler metal material according to any of claims 1-9 to at
5 least one part of stainless steel or to a combination of parts of stainless steel
and if applicable assembling parts of stainless steel to an article,

b) heating the article to the brazing temperature, a temperature above the
iquidus temperature of the brazing filler metal, at least above 1200°C,

10
c) holding the part(s) at the brazing temperature until complete brazing is
obtained,
d) cooling the brazed parts to a temperature below solidus of the brazed joint,
15
e) cooling the brazed parts from a temperature of at least 1050°C to 600°C or
below at forced cooling with an inert cooling gas at a pressure of at least 10 bar,
f) recovering the article.
20

11. A method according to claim 10 wherein forced cooling according to step e)
is performed from a temperature of at least 1050°C at a cooling rate of at least
2°C/second to 600°C or below.

25 12. A method according to any of claims 10 or 11 wherein the at least one part
of stainless steel Is a super austenitic stainless steel.

13. Brazed product made according to any of claims 10-12.

30 14. Brazed product according to claim 13 being a heat exchanger.

20
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Figure 1, Sample cooled rapidly below 1000°C, precipitates in grain boundaries

Figure 2, Sample cooled from 1150°C, few precipitates in grain boundaries
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Figure 3. Elongation of sample as function of applied force.
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