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A brazeable aluminum material iIs composed of an aluminum core and a brazing agent layer consisting of a brazing agent
thermally sprayed onto and covering a surface of the core. A number of unmolten minute particles of the brazing agent are
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ABSTRACT OF THE DISCLOSURE

A brazeable aluminum material 1s composed of an aluminum

core and a brazing agent layer consisting of a brazing

agent thermally sprayed onto and covering a surface of the

core. A number of unmolten minute particles of the braz-

which

ing agent are present in the brazing agent layer,

contains at least an aluminum-silicon alloy and/or a mix-

~ ture of aluminum and silicon. Characteristic features of

are

. a method of producing the brazeable aluminum material

the steps of: preparing a powder composed of minute parti-

| cles: and thermally spraying the powder onto the aluminum

| | core in such a st

olten, with a pith of the particle remaining

ate that only a surface of each minute

: particle is m

’ % . unmolten. The powder is an Al-Si alloy and/or a mixture
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BRAZEABLE ALUMINUM MATERIAL AND A METHOD

OF PRODUCING SAME

BACKGROUND OF THE INVENTION

The present invention relates to a brazeable aluminum
-material for use to construct a heat exchanger or any other
‘apparatus or the like which are manufactured by the braz-
ing techniqué, and also relates to a method of producing

the brazeable aluminum material.

The term "aluminum" used herein is meant +to dinclude
aluminum alloyé.

Aluminum 1is used widely to manufacture Various kinds
of brazed artiuies and apparatuses, because it 1s compara—.
tively light;’highly processable and heat conductive.

An easily brazeable aluminum brazihg sheet, which has
widely been used for that purpose,-is composed of an alumi-
num core sheet having a surface 'roll-clad' with a layer
of a brazing.agent; For certain kinds of aluminum mate-
fiéls' includiug those which are prepared by the extruding
method, the cladding Of'said agént is impossible or very
~ difficult. |
- 'The 'thérmal, spraying' method is known and has been
proposed to form a brauing agent layer on aluminum mate-
rials such as fhe éxtruded one which cau hardly be clad
with said layer ( see for example the Japanese Patent Pub-

lication Sho. 63-1152, and Unexamined Publications Hei. 1-
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157794, ibid. Sho. 63-119974, ibid. Hei. 1-107961 and ibid.

Hei. 2-46969 )

- However some aluminum materials coated with the ther-
mally sprayed brazing agent are poor in brazeability. The
present inventors have investigated those defective cases
and found the following facts to be a cause thereof.

Generally, the prior art methods of thermal spraying
do use as the brazing agent a wire of brazeable alioy, as
disclosed in the Patent Publications Sho. 63-1152 or Heil.
1-157794. The wire of the brazing agent thus has to com-~
- pletely melt to form liquid particles sticking to an alu-
minum core sheet. A high temperature causing the agent to
completely melt will produce on the core sheet a resistant
oxide membrane, wﬂich renders less brazeable the' aluminum
material. The sprayed liquid particles solidify on the
core sheet to form a continuous layexr of the brazing qgent.
A fine internal texture found in such a layer however Tre-
sembies that which would appear aftexr the brazing of alumi-
num material. Thus, this layer can no longer act as aﬁy
‘effective brazing agent layer in subseguent use. Further,
in the case of the plasma-arc spraying at exfremely high
temperatures, a considerable amount of the brazing agent is
likely to evéporate during or after melt deposition on the
aluminum surface. Conseguently, an undesirable change in
the agent would impair its brazeability.

An object of the present invention is therefore to

provide a brazeable aluminum material comprising an alumi-
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num core which is coated with a thermally sprayed brazing
agent layer but free from the problem of unsatisfactory
brazeability inherent in the prior art thermally sprayed

. layer.

A further object of the present invention is to pro-
vide a method of producing such a brazeable aluminum mate-
rial as just noted above.

A brazeable aluminum material which achieves the above
comprises an aluminum core having its surface coated with a
thermally sprayed brazing agent layer which substantial;y
is composed of a number of unmolten granular particles of a
brazing agent. In order to achieve the further object,
the method'provided herein to produce a brazeable aluminum
material composed of an aluminum core comprises the steps
of preparing a powder of a brazing agent and then thermal-
ly spraying the powder ontb the aluminum core undexr a
condition 'such that only surfaces bf most of powder gra-
nules are molten, with an interior of each granule remain-
ing unmolten. .

Other objects, features and advantages of the present
invention will become clear from the description méde be-

low referring to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front elevation diagrammatically showing a

process in which the thermal spraying of a brazing agent

is carried out in unison with the extrusion of an aluminum
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core;

Fig. 2 is a cross section illustrating in part and on
an enlarged scale the process shown in Fig. 1;

Fig. 3 is an enlarged Cross section of a spraying gun
used in an embodiment;

Fig. 4 is a front elevation of a multi-flow type heat
exchanger made of a brazeable aluminum material produced
in accordance with the embodiment;

Fig. S_is a perspective view of the heat exchanger as
shown in Fig. 4, with its tubes and corrugated fins being
separated from other members of the heat exchanger;

Figs. 6A and 6B are a photograph and a sketch thereof
respectively, showing the metallic texture of a brazing
agent layer obtained as Example No. 2 in the embodiment;

Figs. 7A and 7B are a photograph and a sketch similarly
Showing the texture obtained as Example No. 8;

Figs. 8A and 8B also are a photograph and a sketch sim-
ilarly showing the texfure obtained as Example No. 9;

Fig. 9 is a photograph showing the metallic texture of

" the brazing agent layer'obtained as Example No. 10 in the

enbodiment;

Fig. 10 is a photograph similarly showing the layer ob-

~ tained as Example No. 11;

Fig. 11 is a photograph similarly showing the layer ob-

“tained as Example No. 12;

Fig. 12 is a photograph similarly showing the layer ob-

tained as Example No. 13;
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Fig. 13 is a photograph similarly showing the layer ob-
tained as Example No. 14; |

Fig. 14 is a photograph similarly showing the layex ob-
tained as Reference No. 19;

Fig. 15 is a photograph similarly showing the layer ob-
tained as Reference No. 20;

Fig. 16 is a photograph showing the metallic texture
observed in a brazed portion of the layer produced under
the same condition as Example No. 10 in the embodiment;

Fig. 17 is a photograph similarly showing the brazed

portion corresponQing'to Example No. 1l1;

Fig. 18 is a photograph similarly showing the brazed
portion corresponding to Example No. 12;

Fig. 19 is a photograph similarly showing the brazed
portion correéponding to Example No. 13; and

Fig. 20 ‘also is a phopograph similarly showing the

brazed portion corresponding to Example No. 14.

DETAILED DESCRIPTION OF THE INVENTION
Ah aluminum~ﬁsed as a core in the present invention is
not .restricted to those which are of a specific composi-
tion, but may be of any composition depending on its final
use. -Aluminum méy be extruded, rolled, cast or otherwise
processed to give articles of any desired configuration or
cross;sectionél‘shape, also depending on the final use.

A number of unmolten granular particles of a brazing

agent exist in a brazing agent layer which is sprayed onto
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the aluminum core. Those minute particles maintain their

fine metallic texture, which is not affected by the step
of thermal spraying, is effective to ensure a satisfactory
brazing of the aluminum maﬁerial.

In order to have such a number of unmolten granular
particles in the layer, the invention employs a powder of
the agent. This brazing agent powder can easily be con-
trolled +to be half-molten when thermally spraying it such
that only a surface of each particle melts, with 1its
interior (at least its pith or marrow) however remaining
unmolten. Typically, the powder is an Al-Si alloy (i.e.,
an alloy included in aluminum-silicon alioy series) powder
used as the brazing agent. Alternatively, a mixture of
Al powder and Si powder may be employed, provided that
they produce a substantially uniform and homogeneous
brazing agent layer when sprayed onto the core. If Si
content in the brazing agent is less than about 5 % or
higher than about 40 % by weight, then the brazing agent
will have a so high temperature of liquidus line that it
‘ishnot easy to braze the aluminum articles. Thus, fpr a
smooth and effective brazing, the Si content in the
brazing agent layer must be ﬁithin a range from about 5 %
to about 40 % by weight, and more desirably from about 8 %
to about 13 % by weight. In view of the change in
compoéition during the thermal spraying, the Si content in
Al-Si alloy as the raw material to be sprayed must be from

about 5 % to about 40 % by weight. A more preferable range

of Si content is from about 8 % to about 25 % by weight in
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the unsprayed Al-Si alloy. In case of using the mixture of
Al and Si powders which may not necessarily form an ideal
alloy in the sprayed brazing agent layer, a satisfactory
brazeability will be obtained at a Si content falling
within a range of from about 5 % to about 40 % by weight.
Therefore, Si content in an unsprayed powder mixture is
desirably from about 5 % to about 50 % by weight.
Alternatively,.a mixture of the Al-Si alloy powder, Al

powder and Si powder may be used in place of the alloy

powder, or in place of the mixture of Al and Si powdérs.
For the preférential melting of the surface of powder
particles of the described powder(s){ ideally or substan-
’ tially séherical particles are préferred rather than flat
ones such as those of an atomized powder. The round par-

ticles can advantageously flow smooth through a thin pas-

sage of the spray gun. From a practical point of view,
at least about 10 % or more preferably at least about 50 3
by weight of the powder(s) must consist of round particles.
Since‘finer particles undesirably tend to completely melt,
the particles used herein may be of an average diameter of
about 10 Um or greater. However, undesirably large chinks
will be foimed between adjacent coarser particles of an
average diameter greater than about 200 ym, thereby render-
ing inCompact the brazing agent layer. Therefore, an
average diameter of about 200 um or less, thus a range of

from about 10 to about 200 pm or more preferably of from

about 50 to about 150 um, is recommendable.
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The condition and parameters of the spraying process
need not fall in a narrow range, but may be varied insofar
as the preferential melting of the surface of each parti-
cle is assured. An example of the spraying condition is
as follows.

The spraying temperature may be controlled in a range
of from about 1000 °C to about 3000 °C. A temperature lower
than about 1000 °C will probably cause the particle surface
not to melt to a sufficient extent and not to stick to the
aluminum core. On the other hand, an excessively high
temperature abové about 3000 °C will completely melt not
only the surface but also pith of each particle. Thus, the
- most preferable spraying temperature is from about 2300 to
about 2900 °C, which may be realized for example in the
~ flame spraying technique;

A distance between a nozzle of the spray gun and the
“aluminum cbre sheet is preferably from about 50 to about 500
mm. fhe distance shorter than about 50 mm will cause the
powder(s) to exceSsively melt, okidizing the produced
brazing agent layer and also bringing about thermal
deformation-and/or-an undesirabie change in fine internal
texture of the aluminum core. On the other hand a longer
distance beyond about 500 mm will allow the partially
molten particles to solidify well before reaching the
aluminum core, thus reducing deposit amoﬁnt of the powder
and impairing brazeability. A preferred range is from

about 150 to about 300 mm. Feed rate of the powder to be
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molten is desirably from about 30 to about 180 grams/minute
("g/min"), because the shortage of powder(s) fed at a rate
lower than about 30 g/min will result 1in a poor
brazeability of the formed layer. A higher rate above
about 180 g/min produces an excessively thick brazing agent
layer, not only uneconomical but also shrinking to
exfoliate from the core when cooling on the aluminum core.
A desirable powder feed rate is thus from about 90 to about
150 g/min.

It is recommendable to carry out the thermal spraying
within non-oxidizing atmosphere such a N gas in order to
avoid oxidation of aluminum surface and powder particles,
because such oxidation during the spraying would adversely
affect the brazing agent layer and 1its brazeability. In
order to avoid oxidation of the.surface and powder parti-
cles after the spraying, oxygen content in the powder(s)
need.be not more than about 0.05 % by weight.

The ‘described thermal spraying of the brazing agent
powder may be done-affer having molded or otherwise formed
" the .aIUmihum articles. It is however more desirable to
cdnduct the spraying continuously and simultaneously with
the extrusion‘therébf to save labor and improve production
efficiency. In an example of the latter case, the powder
1S thermally sprayed at a location close to an extruder 1
onto an article 2 immediately after extrusion thereof from
the extruder. In another and more preferable example,

a set of spray guns 4 are disposed downstream of a cooling
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bath or tunnel 3 so as to apply the powder to the article
which has been water-cooled or otherwise cooled to a room
temperature. The cooled article cools the sprayed powder
to or near a room temperature, thus protects it from being
further molten and oxidized. If the powder is sprayed be-
fore the article is cooled, then water will be absorbed in
the sprayed porous layer of the brazing agent to thereby
adversely affect the brazeability of said article. The
layer 5 may be of a mono-stratum ( as shown in Fig. 2 ) or
a multi-stratum structure. In any case, thickness of the
sprayed brazing agent layer 5 has to be 8y m or more for a
good brazeability. Either side of the extruded article 2
may solely be provided with such a layer 5, or as shown in
Fig. 1, both of upper and lower sides may be so done with
an upper and lower guns 4a, respectively.

With respect to corrosion resistance of the aluminum
article, the brazing agent layer formed thereon is insuf-
ficient to bétter it. Therefore, a Zn ( "zinc" ) under-
coat may be thermally spfayed or otherwise formed prior to
spraying of the brazing agent powder. In a case wherein
zinc 1is applied to the just extruded article, another set
of guns 6 are equipped in line near the extruder 1. . Zinc
~atoms thus blown onto the hot and active surface of said

article 2 will migrate and spread evenly and smoothly.

An Al-Si-Zn alloy powder may be used to dispense with
such a separate spraying of Zn, and Zn atoms will also

migrate in the article to render it more resistant to cor-

- 10 -
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rosion.
When spraying particles in the method proposed herein,
all the particles may not necessarily be molten selective-

ly at surface, but some of them may be molten to the core,

or may remain unmolten and entirely solid.

It will now be apparent that the brazeable aluminum
article and the method of making same provided herein are
characterized by the brazing agent layer which 1is formed
of a powder, or of a mixture of powders having surfaces
preferentially molten and then solidified. Extremely high
temperatures are no longer necessitated to melt the par-
ticles to the core, thus suppressing oxidation therebf
- which would result in a poor brazeability. The piths or
cores of almost all the particles are left fresh and solid
during ‘the spraying process, whereby internal fine struc-
ture of the layer is not in its state as if it had already
been used to braze the aluminum'article. ‘Such an unmolten
internal texture thus affords an ekcellent brazing of the
~ ~aluminum article. There is no likelihood that any - frac-

tion 6f.the agent evapofates +0 such an extent as spoiling
'a”high quality of the brazed'aluminum,products.
It.will also be understood that the temporarily molten

surfaces - of sprayed powder particles enable them to stick

to aluminum material so as not to exfoliate therefromnm.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An aluminum alloy included in the JIS-1070 series was

- 11 -
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used to extrude a perforated and flat tube which was 16 mm
wide and 3 mm high. The alloy coming out of an extruder
l was cooled in a cooling water bath 3, before continuous-
ly taken up to form a coil 7. An upper and lower spray
guns 4a and 4a were respectively disposed above and below
the extruded tube 2 and arranged downstream of the water
bath 3, being slanted towards the coil 7. Each spray gun
had a nozzle of the flame type as schemed in Fig. 3. A
fuel pipe 41 supplied‘the nozzle with a mixed gas of fuel
and oxygen so that the gas ejected from +the nozzle was
fired to continuously form a flame'of columnar shape. A
brazing agent powder 43 carried by a carrier gas was
- supplied through a powder feed pipe 42 into the flame so as
to be heated therein. A compressed air from an air pipe
44 was blown through the nozzle into said frame. A mist
jet thus produced:to suspend therein the heated powder was
blown forwards.to_etick to the surface of extruded alumi-
num article 2. The reference numerai 45ein'Fig: 3 denotes
an air stream. Each of those spray guns were operated at:
02' feed rate'of 700 liters/min; propylene feed rate of 68
iiters/min; and a compressed air rate of 800 liters /min.
;The flame temperature ( that is, thermal spraying tempera-
ture ) wae about 2700 °cC.

The types of thermally sprayed powders, as well as Si
content therein and the spraying condition were varied as

listed in Table 1. Piths of particles in the thermally
sprayed powders remained unmolten, with only a surface of

each particle melted while being applied to form a brazing

- 12 -
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agent layer on both surfaces of extruded article 2. TO
the Example Nos. 3, 4, 7 and 9, zinc was thermally sprayed

at first using zinc sprayers 6 disposed close to and down-

stream of the extruder 1 in Fig. 1, prior to the thermal
spraying of the brazing agent powder.

Average thickness of the obtained brazing agent layers
were measured and Si content therein were analyzed to give
a result shown in Table 1.

The thus prepared brazeable aluminum materials were
used +to fabricate heat-exchanging tubes, which were then
assembled to give an aluminum heat exchanger of the mulfi-
flow type as shown in Figs. 4 and 5. This heat exchanger
comprises a.plurality of the tubes 11 arranged horizontal
in paraliel with each other, in combination with a plural-
ity of corrugated fins 12 each interposed between the tTwo
- adjacent tubes. Both ends of each tube are connected to
left- and right-hand hollow cylindrical headers 13 and 14
in fluid communication therewith. A coolant inlet pipe
15 and outlet pipe 16 are adjoined to a periphery of the
'1eft+hand header 13, at its upper and lower ends, respec-
tively. Partitions 17 secured in the headers provide a
meandering path for the coolant flowing through the heat
exchanger. Thbse corrugated fins 12 are made of an alumi-
num alloy included in the JIS-~1050 series.

A flux emulsion was applied to the assembled heat ex-
changer and then dried béfore heated in N, at 580 °C for 5
minutes. Due to this heating, the tubes 11 were rigidly

adjoined to the corrugated fins 12 and to the headers 13

- 13 -
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and 14, with other relevant members also being brazed one
to another. The brazing agent layer covering the tubes
11 served to adjoin them to the fins 12, while thin
brazing agent sheets clad on outer and inner periphery of
the headers 13 and 14 contributed to adjoin them to the
tubes 11.

Brazeability of each Example was evaluated by measur-
ing a "bonded ratio" for the heat exchangers as to their

tubes 11 to which the corrugated fins 12 had been adjoin-

ed. The "bonded ratio" is a ratio of the number of <the
fin's ridges which remain adjoined to the tube after forc-

ibly removing portions thereof other than the ridges, to

~the total of ridges initially included in one fin. The

number of partially remaining ridges was divided by 4

(four) to be added to the number of ridges remaining

perfectly bonded.

Referencé Nos. 18 - 20 ( in Table 1 ) were prepared by
the plaSma-arc spraying conducted at a témperature of about
10000 °cC. All the particles in the brazing agent powder
in each Reference were molten to the core when sprayed to
raw tubes to give brazeable tgbes. Another Reference No.
21 was prepared using a brazing alloy wire having a dia-
meter of 2.4 mm ¢, by the electric-arc welding methéd"also
ét about 10000 "C. The molten alloy was sprayed onto the
raw tube to give another brazeable tube. Those tubes were
incorpérated.in heat exchangers and subsequently subjected

to the brazing process under the same condition as the

Examples.

- 14 -
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‘Data which were obtained in the described manner are
given in Table 1.
TARLE 1
Powder to be sprayed Condition Av. Si Braze- Témp.
Type ‘Ay. Ratio '02 of spraying  thick. in ability of
dia. of cofit. Dis—' Feed of b.a. b.a. ( Bond. spray.
(A/B*) sphr. tance rate layer layer rat. of (°C)
(um) (%) (wt.®) (mm) (gxr/ (W m) (wt.%) fins )
*1  min) *2 ) (%) S
Examples |
1 A 70 80 0.02 100 90 30 12.5 94  ca. 2700
2 A 100 80  0.02 125 90 30 11.5 95  ca. 2700
3 A 100 80  0.02 150 90 30 11.4 98  ca. 2700
4 A 120 100  0.02 200 90 30 11.9 98  ca. 2700
5 A 100 30 0.02 125 90 30 12.0 90  ca. 2700
6 A 100 70 0.02 100 120 50 12.3 93  ca. 2700
7 A 100 70 0.02 150 120 50 12.4 98  ca. 2700
8 A 110 40  0.02 200 90 30 11.8 93  ca. 2700
"9 A 110 90 0.02 200 120 50 12.4 99 ca. 2700
10 A 8 90 0.02 100 60 19  12.8 90  ca. 2700
11 A 100 80 0.02 125 60 10 12.7 93 ca. 2700
12 A 100 80 0.02 150 60 10  12.8 95  ca. 2700
13 B* 44 100 - 100 60 10 33.3 90  ca. 2700
14 B* 44 100 - 125 60 10 31.4 93 ca. 2700
15 A 80 80 0.02 250 120 50 8.5 98 ca. 2700
16 A 100 80  0.02 300 90 30 10.2 97 ca. 2700
17 A 100 80  0.02 400 90 20 9.7 95  ca. 2700
Referencés |
18 A 100 80 0.02 200 60 10 8.8 45 ca. 10000
19 A 100 80  0.02 200 90 30 11.2 55 ca. 10000
20 A 100 80  0.02 200 120 50 1.1 35 ca. 10000
21 wire of 2.4 mmd 200 - 30 12.2 70 ca. 10000
Notes: A = Al-Si(12 wt.%) alloy, B* = mixture of Al (800 gr) + Si (200 gr)

Av. dia. = Average diameter, sphr. = spherical particles,

%1 = distance between nozzle and aluminum core,

cont. = content,

*2 = feed rate of brazing agent powder, b.a. = brazing agent,

Bond. rat. = Bonded ratio, Thick. = Thickness

Temp. = temperature

- 15 -
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Example Nos. 2, 8 fo 14, Reference Nos. 19 and 20 gave
the thermally sprayed brazeable agentnlayers, whose cross
sections were inspected microscopically to give enlarged
photographs of metallurgical texture, as seen in Figs. ©b6A,
7A, B8A and 9 through 15. Fig. 6B symbolically represents
the texture given as Fig. 6A. Further, aluminum alloy
plates of JIS-1070 which respectively were covered with
- the brazing agent layers thermally sprayed with those pow-
dexrs and undér the conditions for Example Nos. 10 to 14 of
the invention were prepared. The plates were brazed t€oO
other aluminum alloy plates of JIS-1050 to form T-joints.
Figs. 16 to 20 are photographs of the metallurgical tex-
tures of adjoined portions of these T-joints.

As 1is cleariy seen in the photographs of metallurgical
textures, the powder particles 50 ( shown in Figs. 6B, 7B
and .SB ) were kept SPhefical in the brazing agent lLayers
formed in accordance with the present invention. This
means that only the surface of each particle was tempora-
rily ‘molten before solidified, but with_the pith thereof
kept unmolten. Further, Table 1 and the enlarged photo-
graphs of the brazed portions attest the formation of a
sufficient fillet in each brazed portion of the materiail
provided herein, and those fillets contribute to improve
the bfazing quality. In contrast, References have proved
péorer in brazeability due to the brazing agent particles

which completely melted to the core.

- 16 -
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The embodiments of the invention i1n which an exclusive

property or privilege 1s claimed are defined as follows:

1. A brazeable aluminum material comprising:

an alumlnum core; and

a brazing-agent layer composed of a brazing agent thermally

wherein a number of minute particles ¢f the brazing agent
are minute particles that have a solid core and a molten shell

upon spraying impact with the alumlinum core.

2. The brazeable aluminum material as defined in claim 1,
wherein the brazing-agent layer comprisges an Al-51 alloy, and

an average Si content in the layer 1is from 5 to 40% by weight.

3. The brazeable aluminum material as defined in claim 2,
wherein the average Si content in the brazing-agent layer 1s

from 8 to 13% by weight.

4 . The brazeable aluminum material as defined in claim 1,
wherein the brazing-agent layer comprises a mixture of Al and

Si, and an average Si content in the layer is from 5 to 40% by

welight.

5. The brazeable aluminum material as defined in any one of

17
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claims 1 to 4, further comprising a Zn layer between the

aluminum core and the brazing-agent layer.

6. A method of producing a brazeable aluminum material in
which a brazing-agent layer 1is thermally sprayed onto an
aluminum core of the brazeable aluminum material, the method
comprising the steps of:

preparing a powder composed of minute particles to be
thermally sprayed to form the brazing-agent layer; and

then thermally spraying the powder onto the aluminum core in
such a state that only a surface of each of substantially aill
the minute particles is molten, with a pith of each particle

remaining unmolten.

7. The method as defined in claim 6, wherein the powder
comprises an Al-Si alloy such that an average Si content 1in

the brazing-agent layer is from 5 tc 40% by weilght.

8 . The method as defined in claim 7, wherein the average Si

content in the brazing-agent layer is from 8 to 13% by weight.

9. The method as defined in claim 6, wherein the powder

comprises a mixture of Al and £i alloy, and an average Si

content in the brazing-agent layer is from 5 to 40% by weight.

18
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10. The method as defined 1in any one of claims 6 to 9,

wherein an average diameter of the powder particles is from 10

to 200 pum.

11. The method as defined in claim 10, wherein the average

diameter 1s from 50 to 150 um.

12. The method as defined in any one of claims 6 to 11,
wherein the step of thermally spraying the powder is carried

out at a temperature within a range of 1000° to 3000° C.

13. The method as defined in claim 12, wherein the

temperature is from 2300° to 2900° C.

14. The method as defined i1n any one of claims 6 to 13,
wherein the step of thermally spraying the powder 1s carried

out according to a flame spraying condition.

15. The method as defined in any one of claims 6 to 13,

wherein the step of thermally spraying the powder is carried

out with at least one spray gun spaced a distance from the

aluminum core of from 50 to 500 mm.

16. The method as defined in c¢laim 15, wherein the distance

18 from 150 to 300 mm.

19
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17. The method as defined in any one of c¢laims 6 to 16,
wherein the powder 1s fed at a rate of from 30 to 180

grams/min.

18. The method as defined in claim 17, wherein the feed rate

of the powder is from 90 to 150 grams/min.

19. The method as defined in any one of claims 6 to 18,
wherein the aluminum core is extruded from an extruder and
subsequently advanced through a cooling bath, and the step of
thermally spraying is carried out én the extruded core at a

location downstream of the cooling bath.

20. The method as defined in any one of claims 6 to 19,
further comprising the step of thermally spraying Zn onto the
aluminum core, prior to the thermal spraying of the powder of

the brazing agent.
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