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ABSTRACT

In order to provide a brazing sheet having excellent workability, a powder of a
brazing filler metal composition is obtained from a single type of powder or by mixing
>  two or more powders to form the brazing filler metal composition. By powder roll

compaction of the powder, the powder is formed into a sheet shape.
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1
DESCRIPTION

BRAZING FILLER METAL SHEET AND METHOD FOR PRODUCTION THEREOF

TECHNICAL FIELD

The mmvention relates to a brazing sheet which is a brazing filler metal formed as

a sheet shape, and a production method thereof.

BACKGROUND ART

A nickel brazing sheet currently available is an amorphous sheet formed by
quenching rolling of a molten metal having a composition of a nickel brazing filler metal.
A spring-hke elasticity of such an amorphous sheet makes it difficult to fit and fill the
sheet in a predetermined space. In addition, since the sheet is an extremely thin foil
( several tens of micrometers thick ), good workability cannot be expected. In order to
fill a large space, it is required to cut the foils in a predetermined shape, and lay the foils
to form multi layers on a joint surface. Furthermore, a limitation én sheet width
restricted by a nozzle diameter used in the quenching rolling method also inhibits the
workability. In order to braze a joint having a large width, it is necessary to lay a

plurality of the brazing sheets adjacent to each other.

In addition to the brazing sheets, a powder of a nickel brazing filler metal is also
avallable. However, with such a powder, good workability during the brazing operation
also cannot be expected, because it is required to mix a binder with a powder to form a
paste, and a process for vaporization of the binder cannot be avoided before brazing.

In addition, some carbonized binder remains after brazing and deteriorates the quality of

the brazing joint.
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2
DISCLOSURE OF INVENTION

The present invention is carried out in consideration of the above described
problem, and aims to provide a brazing sheet having excellent workability and a

production method for the brazing sheet.

In the present invention, in order to achieve the above described object by solving
a problem of the brazing sheet, a brazing sheet 1s produced by forming a powder of

brazing filler metal composition into a sheet shape.

In the present invention, as a solution for the problem on the production of a
brazing sheet, a powder of a brazing filler metal composition is formed into a sheet shape
by rolling the powder.

According to one aspect of the invention there 1s provided a brazing sheet which
1s produced by forming a powder of brazing filler metal composition into a sheet shape

by powder roll compaction;

wherein the powder of the brazing filler metal composition comprises a mixture of at
least two or more types of raw powder which are mixed in a predetermined proportion by
weight to have a composition of a brazing filler metal; and

wherein the brazing sheet has the composition of the brazing filler metal, but has a non-

homogeneous texture reflecting a mixed state of the raw powders.

According to a further aspect of the invention there is provided a method of
producing a brazing sheet, comprising:
rolling a powder of a brazing filler metal composition by powder roll compaction, and
thereby forming the powder into a sheet shape;
wherein the powder of the brazing filler metal composition is a mixture of at least two
or more types of raw powders which are mixed in a predetermined proportion of weight

to have a composition of the brazing filler metal; and
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wherein the brazing sheet has the composition of the brazing filler metal, but has a non-

homogeneous texture reflecting a mixed state of the raw powders.

With the present invention, since a powder of a brazing filler metal composition
is formed into a sheet shape, it is possible to set the sheet thickness over wide range of
values by controlling the pressing force during the forming process. Therefore,
compared to the conventional foil shape amorphous sheet, the brazing sheet of the

present invention is extremely convenient and may greatly enhance the workability in

-braze jointing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a strabismic view showing a éonstitution of a brazing sheet A according
to an emquiment of the invention.

FIG. 2 is a schematic diagram showing a constitution of a device for producing
brazing sheets according to the present invention.

FIG. 3 1s a photograph showing a general view of a nickel brazing sheet A

according to an embodiment of the invention.
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FIG. 4 1s a photograph showing a cross section of a nickel brazing sheet A
according to an embodiment of the invention.

FIG. 5 1s a set of analytical images showing a cross section of a nickel brazing
sheet A according to an embodiment of the invention.

FIG. 6 1s a photograph showing a cross section of a brazing joint using a nickel
brazing sheet A according to an embodiment of the invention.

FIG. 7 1s a set of analytical images showing a cross section of a brazing joint
using a nickel brazing sheet A according to an embodiment of the invention.

FIGS. 8A and 8B are X-ray diffraction patterns showing alloy states of a nickel

brazing sheet A according to an embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, an embodiment of a brazing sheet and a production
method thereof according to the invention are explained with reference to the drawings.
This embodiment relates to a nickel brazing sheet using, as a powder raw material, a
powder having a composition of a nickel brazing filler metal mainly composed of nickel
(a powder of a nickel brazing filler metal composition).

FIG. 1 is a perspective view of a nickel brazing sheet of the embodiment. FIG.
2 1s a schematic diagram of a device for producing the nickel brazing sheet (brazing sheet
production device). In these drawings, symbol A denotes a nickel brazing sheet, 1
denotes a powder of a nickel brazing filler metal composition, 2A and 2B denote rolling
rollers, and 3 denotes a heating furnace.

The brazing sheet A is produced by forming the powder 1 of the nickel brazing
filler metal composition into a sheet shape by a plastic working method, or by a binder

forming method, and sintering the sheet. The plastic working method is a method for
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forming the powder 1 of the nickel brazing filler metal composition into a sheet by
pressing or by rolling or the like. An example used in this embodiment i1s a powder roll
compaction. In the binder forming method, after milling the powder 1 of the nickel
brazing tiller metal composition and a binder resin, the mixture 1s formed into a sheet, for
example, by a doctor blade method.

In the general plastic working, it is difficult to form a sheet member having a
successive band shape. Such a problem may be overcome by the powder roll
compaction. Compared to the binder forming, the powder roll compaction has an
advantage in simplifying the production process by avoiding the step of milling a resin
and the powder 1 of the nickel brazing filler metal composition.

A plate thickness of the nickel brazing sheet A is controlled within a range of ca.
15 pm (micrometers) to 500 pm (micrometers). The powder 1 of the brazing filler
metal composition 1s a powder of a nickel-base alloy mainly composed of nickel and has
a grain size of not greater than 100 micro meters. The grain size of the powder 1 of the
nickel brazing filler metal composition is selected from a preferable size corresponding

to the plate thickness after forming. That is, the grain size is selected from a preferable

size easily formed into the sheet shape by powder roll compaction.

A brazing sheet production device for producing such a nickel brazing sheet A
comprises, as shown in FIG. 2, the pair of rolling rollers 2A, 2B, and the heating furnace
3. 'The pair of rolling rollers 2A and 2B is arranged so that the peripheral surfaces of
respective rollers are opposed to each other in a parallel arrangement with a
predetermined space intervening. The heating furnace 3 is provided for a downstream
step after rolling by the rolling rollers 2A, and 2B.

The powder 1 of the nickel brazing filler metal composition is fed to the pair of

rolling rollers 2A, 2B from an upper side. The powder 1 of the nickel brazing filler
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metal composttion 1s mainly composed of nickel (Ni) and contains, for example,
predetermined percent by weight of chromium (Cr), iron (Fe), silicon (Si), and boron (B).
For example, the powder may have a composition of a nickel brazing filler metal of JIS
standard, such as BNi-1, BNi-2, BNi-3, BNI-4, BNi-5, BNi-6, or BNi-7.

By rotation driving of each of the rolling rollers 2A and 2B as shown by the
arrows, the powder 1 of the nickel brazing filler metal composition is fed into the space
formed between the rolling rollers 2A and 2B. The powder 1 of the nickel brazing filler
metal composition 1 is pressed by powder roll compaction, that is by the rolling rollers
2A and 2B, sequentially delivered to a downward direction, and thereby formed into a
sheet shape.

The sheet shaped compact powder 1 of the nickel brazing filler metal
composition 1s sintered by heating to a predetermined temperature in the heating furnace
3 placed downstream under the rolling rollers 2A and 2B. A sintering temperature
within the heating furnace 3 is a temperature corresponding to about 50 to 85% of the
liquidus temperature of the powder 1 of the nickel brazing filler metal composition.
Thus, the above described nickel brazing sheet A is delivered from the heating furnace 3.
If a platy inferior portion is found after the sintering, the sheet may be subjected to the
rolling for a second time. If a thin plate is desirable, the heating step and the rolling
step may be repeated.

In this embodiment, the powder 1 of the nickel brazing filler metal composition
1s formed into a sheet shape by the powder roll compaction. As described above, the
thickness of the sheet may be set over a wide range of values by controlling the pressing
force during the powder roll compaction. Therefore, the produced nickel brazing sheet
A 1s particularly convenient for use compared to a conventional foil shaped amorphous

sheet. With this sheet, it is possible to highly enhance the workability of a brazing
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The present invention is not limited to the above described embodiment. For
example, the following modification may be considered. Although in the above
described embodiment, the sintering treatment in the heating furnace 3 is carried out after
the powder roll compaction treatment by the rolling rollers 2A and 2B, this sintering is
not necessarily an essential treatment. For example, the powder 1 of the nickel brazing
filler metal composition may be formed into a sheet shape only by the powder roll
compaction treatment by the rolling rollers 2A and 2B.

The powder 1 of the nickel brazing filler metal composition is not limited to a
powder of a single base material, but may also be made of a mixture of a plurality of
powder materials.  As the powder 1 of the nickel brazing filler metal composition as a
mixture of a plurality of powder materials, for example, the following material may be
considered. In the following description an allowable range of fluctuation for each
component 1s £5%.

In this case, the sintering temperature by the heating furnace 3 is set to be
relatively low temperature, for example, at about 50% of liquidus temperature of the
powder 1 of the brazing filler metal composition. At this setting, the powder 1 of the
nickel brazing filler metal composition is formed into a sheet shape to form the nickel
brazing sheet A in which the powders that are not completely alloyed remain in a mixed
state.

Flexibility of the nickel brazing sheet A decreases with an increasing degree of
alloying of the powders of each base material. Therefore it is preferable to set the
sintering temperature in the heating furnace 3 to a temperature corresponding to about
50% of the liquidus temperature of the powder 1 of the nickel brazing filler metal

composition so that the powders of each base material remain in a mixed state not
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completely alloyed. When such a nickel brazing sheet A 1s actually used in the brazing
joint, the sheet i1s molten and acts as a brazing filler metal.

(1) As an equivalent material to BNi-1 of JIS standard, a mixture of powdered
nickel (N1), powdered chromium (Cr), powdered silicon (S1), powdered iron (Fe), and
powdered boron (B) may be considered. For example, the five types of powders are
mixed i1n a proportion of 74 wt %: 14 wt %: 4.0 wt %: 4.5 wt %: 3.5 wt %, respectively.

(2) The mixed powder may be formed by mixing powdered nickel (N1),
powdered chromium (Cr), powdered boron (B), powdered 1ron (Fe), and powdered
silicon (S1) in a predetermined proportion of weight to prepare a powder having a
composition of BNi-2; A sheet formed by such a mixed powder 1s a sheet of a mixed
matenial, containing not less than 80wt % of powdered nickel (N1) having ductility. In
such a sheet, ductile nickel occupies a main portion and includes other constituent
powders. Therefore, it 1s possible to obtain a sheet which 1s not brittle and has excellent
ductility and handling properties.

As an equivalent material to BNi1-2 of JIS standard, it is possible to consider a
mixture of powdered nickel (N1), powdered chromium (Cr), powdered silicon (Si),
powdered 1ron (Fe) powder, and powdered boron (B). The five types of powders may
be mixed, for example, 1n a proportion of 82.5 wt %: 7 wt % : 4.5 wt % : 3.0 wt %: 3.0
wt %, respectively.

FIG. 3 1s a photograph showing a general view of a nickel brazing sheet A
produced by the powder roll compaction of the above described mixed powder
equivalent to BNi-2 of JIS standard. The sheet was produced by the above described

brazing sheet production device. Since the nickel brazing sheet A has flexibility as

shown 1n the photograph, the sheet has excellent handling properties.

FI1GS. 4 and 5 are photographs showing a mixed state of powdered nickel (Ni),
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powdered chromium (Cr), powdered silicon (Si1), powdered iron (Fe), and powdered
boron (B), of the nickel brazing sheet A. FIG. 4 is a photograph showing a cross section
of the nickel brazing sheet A. This photograph indicates a state in which the powdered
nickel (N1), powdered chromium (Cr), powdered silicon (Si), powdered iron (Fe), and
powdered boron (B) are not alloyed but are mixed with each other as discrete grains.

FIG 5 1s a set of analytical images corresponding to the cross section in the
above described FIG 4 and shows the distribution of the respective constituent elements
in the nickel brazing sheet A. In FIG. 5, the upper left image is a minified photograph of
FIG. 4 for reference to the other analytical images. In the analytical images, regions
containing each element of nickel (Ni), chromium (Cr), silicon (Si), iron (Fe), and boron
(B) are shown by white regions. These regions correspond to the distribution of each of
theparticles shown in FIG. 4.

From FIGS. 4 and 5, it 1s easily understood that the powdered nickel (N1),
powdered chromium (Cr), powdered silicon (Si), powdered iron (Fe), and powdered
boron (B) of the nickel brazing sheet A are not molten and alloyed, but are in a mixed
state.

FIGS. 6 and 7 are photographs showing a cross section of a brazing joint of
inconels brazed using the nickel brazing sheet A in which grains of each base material are
in a mixed state. FIG. 6 is a normal photograph of the cross section showing a state in
which upper and lower inconel members are jointed with each other by the nickel brazing
filler metal ( that is, the nickel brazing sheet A made molten by heating) filling the
interstitial space between the inconels.

FIG. 7 1s a set of analytical images corresponding to the photograph of the cross
section in FIG. 6 and shows the distribution of the respective constituent elements, nickel

(N1), chromium (Cr), silicon (Si), iron (Fe), and boron (B).  In FIG. 7, the upper left
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image is a minified photograph of FIG. 6 for reference to the other analytical images.

By comparing the analytical images in FIG. 7 showing a state of the mickel
brazing sheet A after brazing and the analytical images in F1G. 5 showing a state before
brazing, it is obvious that each of the elements distributed as discrete grains before
brazing are homogeneously mixed and alloyed by the heating during brazing.

The mickel brazing sheet A has a mixed state of discrete grains of the powdered
nickel (N1), powdered chromium (Cr), powdered silicon (S1), powdered iron (Fe), and
powdered boron (B), which are not alloyed. This mixed state is realized by a firing
temperature within the heating furnace 3.

FIGS. 8A and 8B are X-ray diffraction patterns showing the dependency of
alloying of the powdered nickel (N1), powdered chromium (Cr), powdered silicon (S1),
powdered 1ron (Fe), and powdered boron (B) on the firing temperature. FIG. 8 A shows
a state 1n which the setting of the sintering temperature 1s relatively low. While, FIG
8B shows a state 1n which the setting of the sintering temperature is relatively high. In
FIG. 8A of low firing temperature, the iny obvious peak is that of nickel (N1). In FIG.
8B of a relatively high firing temperature, by alloying nickel with the other elements,
non-nickel (Ni1) peaks become apparent.

Therefore, 1n order to avoid alloying and retain the mixed state of discrete grains
of the powdered nickel (N1), powdered chromium (Cr), powdered silicon (Si), powdered
iron (Fe), and powdered boron (B), a sintering temperature in the heating furnace 3 must
be controlled to a relatively low temperature.

(3) An equivalent material to BNi-2 of JIS standard may be formed by mixing
powdered nickel (N1), nickel-chromium (Ni-Cr) alloy powder, nickel-boron (Ni-B) alloy
powder, iron-chromium (Fe-Cr) alloy powder, iron-nickel (Fe-Ni) alloy powder, and

iron-silicon (Fe-Si) alloy powder. The mixture is made to totally comprise in base
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components nickel (N1) and chromium (Cr) of not less than 6wt % and not more than
8wt %, boron (B) of not less than 2.75wt % and not more than 3.5wt %, iron (Fe) of not
less than 2.5wt% and not more than 3.5wt %, and silicon (S1) of not less than 4wt% and
not more than Swt %. The mixed powder 1s formed into a green sheet by powder roll
compaction and sintered within the heating furnace. Although the sintered sheet of the
mixed powder does not have the brazing filler metal composition ona microscopic scale,
it can be converted to a brazing filler metal by melting, and therefore can be used for
brazing. Preferably, grain size of each powder is 100 um or less.

(4) As an equivalent material to BNi-3 of JIS standard, it is possible to consider
a mixture of powdered nickel (Ni), powdered silicon (S1), and powdered (B). The three
types of powders are mixed, for example, in a proportion of 92.3 wt%: 4.5 wt%: 3.2
wt %, respectively. '

(5) As an equivalent material to BNi-4 of JIS standard, a mixture of powdered
nickel (N1), powdered silicon (Si), and powdered boron (B) may be considered. -The
three types of powders are mixed, for example, in a proportion of 94.5 wt %: 3.5 wt %:

2.0 wt %, respectively.

(6) As an equivalent to BNi-5 of JIS standard, a mixture of powdered nickel (Ni)

b

powdered chromium (Cr), and powdered silicon (Si) may be considered. The three
types of powders are mixed, for example, in a proportion of 71 wt :19 wt %: 10 wt %,
respectively.

(7) As an equivalent to BNi1-6 of JIS standard, a mixture of powdered nickel (Ni)
and powdered phosphorus (P) may be considered. The two types of powders are mixed,
for example, in a proportion of 89 wt % to 11 wt %, respectively.

(8) As an equivalent to BNi1-7 of JIS standard, a mixture of powdered nickel

(N1), powdered chromium (Cr), and powdered phosphorus (P) may be considered. The
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three types of powders are mixed, for example, 1n a proportion of 77 wt % :13 wt % :10
wt %, respectively .

The powder of the brazing filler metal composition as a raw material is not
limited to the above described powders of a nickel brazing filler metal composition.

For example, brazing sheets may be made of an aluminum brazing filler metal, silver
brazing filler metal or the like. For obtaining such a sheet, at least two or more different
types of powders are mixed with each other in a predetermined proportion of weight.

The mixed metal 1s formed into a sheet shape by powder roll compaction, and thereby a
brazing sheet 1s obtained. The mixed powder as a mixture of hetero types of powders is
obtained by mixing an alloy powder or pure metal powder with different types of pure
metal powder or different types of alloy powder.

| Aluminum brazing sheet]

For producing an aluminum brazing sheet composed mainly of aluminum (Al),
an use of a powder of a brazing filler metal composition equivalent to BA4047 of JIS
standard may be considered. For example, this powder may be a mixture of two types
of powders, powdered aluminum (Al) and powdered silicon (Si), which are mixed, for
example, in a proportion of 88 wt % to 12 wt %, respectively. In this case, an allowable
range of tluctuation range for each component is +£5%.

In addition, a flux powder containing fluoride (for example, cesium fluoride)
may be added to the mixed powder.
| Copper brazing sheet]

A brazing sheet mainly comprising copper (Cu) may be produced by using the
tollowing powders of a brazing filler metal composition. In this case, different from the
above described case for producing a nickel brazing sheet A, a sintering temperature in

the heating furnace 3 is controlled to a relatively high temperature, for example,
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corresponding to about 85% of the liquidus temperature of the powder of the brazing
filler metal composition. At this setting, a copper brazing sheet having substantial
strength and flexibility can be produced. In each component in the following
description, an allowable range of fluctuation is +5%.

(1) As an equivalent material to BCuP-1 of JIS standard, a mixture of powdered
copper (Cu) and powdered phosphorus (P) may be used. For example, the two types of
powders are mixed 1n a proportion of 95“rt% to 5.0 wt%, respectively.

(2) As an equivalent matenal to BCuP-2 of JIS standard, a mixture of powdered
copper (Cu) and powdered phosphorus (P) powder may be used. For example, the two
types of powders are mixed in a proportion of 93wt% to 7.0wt%, respectively.
Alternatively, the brazing filler metal composition of BCuP-2 may also be realized by
using a mixture of 50wt % of powdered copper (Cu) and 50wt % of powdered CuP3, that
1s an alloy of copper (Cu) and phosphorus (P).

(3) As an equivalent material to BCuP-3 of JIS standard, a mixture of powdered
copper (Cu), powdered phosphorus (P), and powdered silver (Ag) may be used. For
example, the three types of powders are mixed in a proportion of 88.7wt%: 6.3 wt%: 5.0
wt %, respectively. |

(4) As an equivalent material to BCuP-4 of JIS standard, a mixture of
powdered copper (Cu), powdered phosphorus (P), and powdered silver (Ag) may be used.
For example, the three types of powders are mixed in a proportion of 87 wt%: 7.0 wt%:
6.0 wt % respectively. A brazing sheet formed by forming such a mixed powder into
sheet shape by powder roll compaction is a sheet of mixed materials that do not alloy and
have the composition of the powders. After melting, the sheet is converted to
phosphorus-copper brazing filler metal BCuP-4 of JIS standard.

(5) Asan equivalent material to BCuP-5 of JIS standard, a mixture of



10

135

20

25

CA 02529560 2005-12-15

13

powdered copper (Cu), powdered phosphorus (P), and powdered silver (Ag) may be used.

For example, the three types of powders are mixed in a proportion of 79.8 wt%: 5.0
wt %: 15.2 wt %, respectively.

(6) As an equivalent material to BCuP-6 of JIS standard, a mixture of
powdered copper (Cu), powdered phosphorus (P) , and powdered silver (Ag) may be
used. For example, the three types of powders are mixed in a proportion of 91 wt%: 7.0
wt %: 2.0 wt %, respectively.
| Silver brazing sheet]

A brazing sheet mainly composed of silver (Ag) may be produced by using the
following powders of a brazing filler metal composition. In each component in the
tollowing description, an allowable range of fluctuation is £5%.

(1) As an equivalent material to BAg-1 of JIS standard, a mixture of powdered
silver (Ag), powdered copper (Cu), powdered zinc (Zn), and powdered cadmium (Cd)
may be considered. For example, the four types of powders are mixed in a proportion
of 48 wt%: 16 wt %: 16 wt % : 20 wt %, respectively.

(2) As an equivalent to BAg-2 of JIS standard, a mixture of powdered silver
(Ag), powdered copper (Cu), powdered zinc (Zn), and powdered cadmium (Cd) are
considered. For example, the four types of powders are mixed in a proportion of 36
wt: 26 wt %: 20 wt % : 18 wt %, respectively.

(3) As an equivalent material to BAg-3 of JIS standard powdered silver (Ag),
powdered copper (Cu), powdered zinc (Zn), powdered cadmium (Cd), and powdered
nickel (Ni) may be considered. For example, the five types of powders are mixed in a
proportion of 50 wt%: 15.5 wt %: 15.5 wt % : 16 wt %: 3 wt %, respectively.

(4) As an equivalent material to BAg-4 of JIS standard, a mixture of powdered

silver (Ag), powdered copper (Cu), powdered zinc (Zn), and powdered nickel (Ni) may
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be considered. For example, the four types of powders are mixed in a proportion of 40
wt%: 30 wt %: 28 wt % : 2.0 wt %, respectively.

(5) As an equivalent to BAg-5 of JIS standard, a mixture of powdered silver
(Ag), powdered copper (Cu), and powdered zinc (Zn) may be considered. For example,
the three types of powders are mixed in a proportion of 45 wt%: 30 wt %: 25 wt %,
respectively.

(6) As an equivalent to BAg-6 of JIS standard a mixture of powdered silver (Ag),
powdered copper (Cu), and powdered zinc (Zn) may be considered. For example, the
three types of powders are mixed in a proportion of 50 wt%: 34 wt %: 16 wt %,
respectively.

(7) As an equivalent to BAg-7 of JIS standard, a mixture of powdered silver
(Ag), powdered copper (Cu), powdered zinc (Zn), and powdered tin (Sn) may be
considered. For example, the four types of powders are mixed, for example, in a
proportion of 56 wt%: 22 wt %: 17 wt %: 5.0 wt %, respectively.

(8) As an equivalent to BAg-8 of JIS standard, a mixture of powdered silver
(Ag) and powdered copper (Cu) powder may be considered. For example, the two

types of powders are mixed in a proportion of 72 wt% to 28 wt %, respectively.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A brazing sheet which 1s produced by forming a powder of brazing filler metal

composition 1nto a sheet shape by powder roll compaction;

wherein the powder of the brazing filler metal composition comprises a mixture of at
least two or more types of raw powder which are mixed in a predetermined proportion by
welight to have a composition of a brazing filler metal; and

wherein the brazing sheet has the composition of the brazing filler metal, but has a non-

homogeneous texture reflecting a mixed state of the raw powders.

2. A brazing sheet according to claim 1,

wherein the powder of the brazing filler metal composition comprises powdered nickel.

3. A brazing sheet according to claim 1,

wherein the powder of the brazing filler metal composition comprises powdered

aluminum.
4. A brazing sheet according to claim 1, 2 or 3, comprising 10 to 15 wt% of silicon.
5. A brazing sheet according to any one of claims 1 to 4,

wherein the powder of the brazing filler metal composition comprises powdered copper.

0. A brazing sheet according to any one of claims 1 to 5, comprising 4 to 8 wt% of
phosphorus.
7. A brazing sheet according to any one of claims 1 to 6, wherein the brazing sheet

comprises discrete grains of the powders substantially throughout a cross section of the

brazing sheet.

3. A brazing sheet according to any one of claims 1 to 7, which has been sintered at
a temperature corresponding to 50 to 85% of a liquidus temperature of the brazing filler

metal composition.
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9. A method of producing a brazing sheet, comprising:

rolling a powder of a brazing filler metal composition by powder roll compaction, and

thereby forming the powder into a sheet shape;
wherein the powder of the brazing filler metal composition is a mixture of at least two

or more types of raw powders which are mixed in a predetermined proportion of weight

to have a composition of the brazing filler metal; and

wherein the brazing sheet has the composition of the brazing filler metal, but has a non-

homogeneous texture reflecting a mixed state of the raw powders.

- 10. © A method of producing a brazing sheet according to claim 9,

* wherein the powder of the brazing filler metal composition comprises powdered nickel.

11. A method of producing a brazing sheet according to claim 9,

wherein the powder of the brazing filler metal composition comprises powdered

aluminum.

12. A method of producing a brazing sheet according to claim 9, 10 or 11,

wherein 10 to 15 wt% of silicon is contained in the brazing sheet.

13. A method of producing a brazing sheet according to any one of claims 9 to 12,

wherein the powder of the brazing filler metal composition comprises powdered copper.

14. A method of producing a brazing sheet according to any one of claims 9 to 13,

wherein 4 to 8 wt% of phosphorus is contained in the brazing sheet.

15. A method of producing a brazing sheet according to any one of claims 9 to 14,
further comprising sintering of the powder being in the sheet shape at a temperature
corresponding to 50 to 85% of a liquidus temperature of the brazing filler metal

composition.
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FIG. 1
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FIG. 8A
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