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theoretical density, the aluminum alloy comprises in addition to the flux: aluminum element; and silicon element at about 3 -
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ABSTRACT OF THE DISCLOSURE

agent comprises an aluminum alloy which con-
of 90

A brazing
rains a flux, the agent having an apparent density

& or more of a theoretical density, the aluminum alloy comn-

prises in addition to the flux: aluminum element; and silicon

element at about 3 -~ 15 % by weight of 211 the elements other

than the flux, so that the ratio in weight of all the elements

- 0.1 to 70 : 30, The aluminum

&

to the flux is from 99.9

alloy may further contain one ol more elements selected from

a group consisting of zine, tin and indium, at about 0.1

- 5%, 0.01 - 0.5 % and 0.01 - 0.5 % by weight of all the

elements, respectively. A brazing sheet may be of such-

s structure that a core sheet made of aluminum or its alloy

has at least one suriface clad with a skin layer which has

a thickness of 10 u m OxX more for each suxface.
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A BRAZING AGENT AND A BRAZING SHEET
. BOTH COMPRISING AN ALUMINUM ALLOY CONTAINIRG A FLUX

TECHNICAL FIELD

The present invention relates Lo a new type of a brazing
agent which ieg composed ¢f an aluminum alloy and a flux and’
is adapted for use to braze articles of aluminum or its alloy
with the aid of the £lux, and alzo relates to an aluminum

brazing sheet which comprises a ¢ore sheet clad with such

a brazing agent.

BACKGROUND ART
In the priocr art "flux-brazing" method, it is a common
practice to braze articles of aluminum or its alloy one to

another by applying a brazing agent together with a flux
to the abutting portion of the articles which are to be

heated, wherein the flux is usually suspended in an appro-

priate liguid. In order to facilitate the manufacture

of aluminum products, an aluminum brazing sheet has bean
emplovaed as one or both of the brazed articlas. The alu-
ninum brazing sheet comprises a core sheet having its either
or both surisces clad with a skin layer, and this layer is
composed of a certain brazing agent, The flux suspension
is applied also to the abutting portions even if such a

prazing sheet is employved and heated in the "fluk-brazing"
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method,

Thus, both the brazing agent and the flux must be applied
separately or successively to the brazed portions, whether
the aluminum brazing sheet is or is not used, This has
rendered comparatively intricate the operation in the priox
art method of manufacturing the aluminum products. It
ig another drawback that the applied amount of flux is likely
to vary among batches ox products. An insufficient amount
of the flux will cause an imperfect brazing, while a super-
fluoug amount brings about other problems such as the resi-
dual flux in the brazed portions and the drippings of flux
within a brazing oven, The flux residue will impair the
appearance and the surface processability of the products,
while the flux drippings polluting the oven,

A proposal wag made and has been employed to avoid those
problems resulting from the separate or successive appli-
cation of the flux and the brazing agent. Accoxrding to
this proposal, a paste or liguid which comprises a binder
or vehicle such as an acrylic resin containing a flux powder
and an Al-8Si powder as the blazing agent will be coated on
the brazed portionsg, whereby the operation is simplified
to a significant degree.

The existence of the binder in the brazed portions will
however impair the brazing guality.

The present invention was made to resolve the problems

referred to above in the prior art methods for: "flux-brazing"
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aluminum materials or aluninum alloy materials. Tharsfore,

an object of the lnvention is t¢o provide a brazing agent

comprizsing an aluminum alloy which contains a flux ( here-

inafter referred to as "flux-containing aluminum alloy brazing

agent” ), and also to provide an aluminum brazing sheet made

partially of the fluxX-containing aluminum alloy brazing agent,

The brazing agent and the brazing sheet in the invention

are designed such that the variation in the applied amount

of flux is eliminated improving the brazeability, the appear-

ance of the hrazed articles as well as the surface process
ability thereof, and such that the brazing process is re-

markably simplified,

DISCLOSURE OF THE INVENTION

A geries of the flux-containing aluminum alloy brazing
agents, which are effective to achieve the object, basically
conprigses Al ( i.e., aluminum ), 8i ( i.e,, silicon ) and
a flux, The allay is composed of Al and Si which is con-
tained in the elements other than the flux at a content of
about 3 « 15 % by weight of the elements, with the weight
ratio of the elements to the flux being 99.9 ¢ 0.1 o 70

: 30, and the apparent density of each brazing agent is 90

% or more of a ¢alculated theoretical value. The alloy

in the brazing agents may contain one or more further elesments

salected from a group consisting of Zn ( i.e., zinc ), Sn

( i.e., tin ) and In ( i.e., indium ), wherein the %2n con-

;
l
5
|
|
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tent, Sn content and In content are 0.1 « 5 %, 0.01 ~ 0.5
% gnd 0,01 - 0.5 % by weight of the elements other tﬁan the
fiux, respectively.

From another aspect of the present invention, there
are provided a series of flux-containing aluminum brazing
sheets each comprising a core sheet, which is formeqd of
aluminum or its alloy and has its either or both surfaces
¢lad with a skin laver, wherein the skin layer ig composed
of any of the flux-containing aluminum alloy brazing agents
and 1g of a thickness of 10 4 m oxr more for each surface
of the core sheet.

The elements Al and 8i serve as the brazing agent herein
for bonding the aluminum or aluminum alloy members one to
another. A Si gontent below 3 % or above 15 % by weight
in the elements other than the flux will render so high the
the "ligquiduz line' tamperature that the brazing of said
members become difficult. Consequently, the 8i content
has to fall within a.range of 3 - 15 % by weight, and more
desirably a narrower range of 6 - 12 ¥ by weight.

The other elements Zn, Sn and In make negative the slec-
trical potential of the brazing agent 'so that it can act
as a sacrificial ancde to improve the corrozion resistance
of the brazed aluminum articles. From this peoint of view;
the three slements are egquivalent to each other, and thus
it is sufficient for the alloy in the brazing agent to con-

tain at least one of them, If the content of Zn, Sn or
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In in the total magss of the elements other than flux 1s less
than 0.1 %, 0.01 & or 0.01 % by weight, respectively, then
the effeat of sacrificlial anode will be poor. However
this effect will not increase above a peak even if thelir
contents exceed 5 %, 0.5 &% and 0.5 % by weight, respective-
ly. Thus, the 2n content, Sn content and In content must
fall within the ranges of 0.1 - 5 %, 0.01 - 0.5 % and 0.01

- 0.5 % by weight, and more desirably the ranges of 0.5 -
2.0 %, 0.05 - 0.3 &% and 0.03 - 0,1 & by weight of all.the
elements other than the flux,

The alloy in the brasing agent may further contain Cu

( i.e., copver ) which improves the strength of, said agent,
and Cu content ls preferably 0.05 - 5 % by weight of all
the elements other than the flux,

It -ie possible herein to employ any of proper fluxes
which may preferably be fluorides or chlorides. An exam-
ple of the fluoride fluxes iz a complex or mixture substan-~
tially having an eutectic composition comprising 45.8 % of
K and 54.2 % of AlF3 or a like composition, The other
fluoride fluxes include the complexes of KAqu, K2A1F5 and
K3A1F6 or the like. The main ingredients of the chloride
fluxes, which are preferably less hygroscopic in order to
protect the bragzed portions from corrosion, are for example

BaCl,, NaCl, KCl and/ox zaCl,. A typical chloride flux is a

ternary eutectic mixture of 'Ba012~NaCl-KCl.

The ratio in weight of the total mass of elements, i.e.,
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al, 81 and one or more elements sgselected from the group con-
gisting of 2Zn, Sn and In, to the flux is preferably from
99,9 ¢ 0.1 to 70 : 30. In a cage wherein the flux is con-
tained at a weight ratio smaller than 99.9 : 0.1, the brazing
nrocess becomes unsmooth and difficult due to a poor fluxing
effact, If an excessive amount of the flux is contained
at a weight ratio greater than 70 : 30, then a mixture of
the flux with the elements such as Al and 8i can scarcely

he golid, thereby rendering it difficult to produce the
flux-containing brazing agent. Thus a preferable ratio

in weight of the flux is 99,9 : 0.1 to 85 : 15, and more
degirably 98 ¢ 2 - 90 2 10,

The flux-containing aluminum alloy brazing agent in the
invention will generally be produced by mixing an aluminum
powder, silicon powder,'one or more powders selected from
the group of zinc, tin and indium powders, and a flux powder
together with one another, and thereafter compacting the
mixture to form a rigid integral piece by means of a hot
press or the like. This »igid piece of the brazing agent
ig more or less porous due to a considerable amount of air
remaining within the pilece. Although its apparent density
is thus smaller than a theoretical density c¢alculated using
the densities of Al, 8i, Zn, 8n, In and flux,; the brazing
agent of the pregent invention must have a density which
is 90 % or more of the theoretical density. Wwith the

apparent density lowar than 90 %, the rigid integral piece
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will probably have an intercommunicating porosity, wherein
ocouter pores communicate with inner pores of the piece s0
that it is rendered brittle and fragile. Such a rigid
but excessively porous agent c¢annot easily be processed 1in
the subsequent treatments, apart from its poor affect in
the brazing process. Therefore, the apparent density of
the brazing agent is more preferably 95 % or more of the
theoretical value.

The method of producing the flux-containing aluminum
alloy brazing agent in accordance with the invention will
now he given in more detail. Raw materials which are €o
be prepared at first are an aluminum powder, silicon powder,
one or more of zinc, tin and indium powders and a flux pow-
der. In order to ensure the homogeneous mixing of the
powders, they must be pulverized so that the average diameters
of fine particles must be 44 um or less and 5 U m or less,
respectively for the aluminum and silicon powders. Also,
the average diameter of fine particles of zinc, tin and indium
powdexrs must be 44 v m or less, with that of the flux powder
being controlled to be 30 U m or less. Al, Si, Zn, Sn
and In need not necessarily be used in their element form,
but instead an Al-Si alloy which may contain Zn, Sn and/o:

In ¢can be employed as the raw material. These powders
will be blended with one another in the ratio described above
to give a mixture, which is then poured into a vessel such

as an aluninum can. After this can thus filled with the
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powder mixture is degassed hy reducing its internal pressure
To 1 mmHg or less, said mixture will be heated and compacted
by means of a hot press or the like so ag to give an integral
and rigid piece. Then, the can will be cut to expose the
compacted pliece for the subsequent processes such as the
extrusion process, whereby the flux-~containing aluminum alloy
brazing agent is obtained in any desired form.

On the other hand, the flux-containing aluminum brazing
sheet in accordance with the invention ls of such a structure
as exemplified in Fig. 1. This brazing sheet comprises
a core sheet 1 having its either or both surfaces clad with
a skin layer 2, which layer is composed of the flux-containing
aluminum alloy brazing agent as detailed above, With the
skin layer thinner than, 10u m for each surface, the bhrazing
process can hardly be done smooth and perfect, due to the
shortage of the brazing agent. Thus, thicknessg of the
skin layer 2 must be 10u m or more for each surface of the

core sheet, and mere desirably 20 uym or more for said sur-

faces.

To manufacture the flux-~containing aluminum brazing
sheet, the fluxacontaiﬁing aluminum alloy brazing agent as
previously produced in the manner described above may be
processed to form a sheet as the skin layer 2, This sheet
as the skin layer 2 wmay subsequently be heated and pressure

welded to the core sheet 1 to thereby provide a raw brazing

sheet, which may further be hot rolled and cold rolled, if
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necessary. The core sheet need not be of any specified

chemical composition, kbut here can be employed any conven-
tional alloy such as the so-called 3000-series aluminum alloys
inc¢luding JIS-A3003 and JIS-A3005, or the so-called 6000-
series alloys including JIS-A6951.

In use, the flux contained in the brazing agent will
be supplied therefrom to the portions which are being brazed
as the brazing agent melts. The £lux supplied in this
way will remove the surface oxide membrane from said portions
of the flux-~containing aluminum brazing sheet of the present
invention. Thus, the brazing agent will spread over and
thoroughly wet the portions which are to be welded perfect
one to another, It will now be understood that here is
no necessity for additionally or independently applying the
flux to said portions which are to be brazed, whereby the
process becomes simpler and the productivity of the brazed
aluminum articles is improved. It is another advantage
of the invention that a proper quantity of the flux can be
given in a constant manner to any brazed portions, Appli-

cation of the flux in surplus can now be avoided not to impair
the appearance and surface processability of the brazéd PO«
ducts or to spoii thelinterior of the brazing oven.

In a case wherein the brazing agent contains Z2n, $n and/or
In which enhance the sacrificial anode effect, the brazed
products may especially be improved in their c¢orrosion resist-

ance, 1f regquireqd.
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BRIEY DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross section showing a flux-containing

aluminum brazing sheet in an embodiment of the present

invention.

5 THE PREPERRED EMBODIMENTS

The embodiment of the invention will now be described
in detail referring to the drawings.
AS a main raw material used to produce a flux-containing
aluminum alloy brazing agent and a brazing sheet comprising
10 same, »n aluminum powder of 92.5 % purity and having an
average particle diameter ( abbr. "av. dia.” ) of 44 u m
was prepared, together with other raw materials which were:
a silicon powder having av, dia. of Sum ; a ziﬁc powder
having av. dia. of 44 4 m; a tin powdex having av. dia. of
15 40 um ; an indium powder having av. dia. of 40 ¥ m; and a
fluoride flux powder having av. dia. of 30 U m. This

flux was an eutectic composition of KF and AlFB.

- First Embodiment -

The powdexrs were blended at room temperature with oOne
20 another'to be homogenecus at the ratios given for the samples
1T to 17 on Table 1. Aluminum cans each 200 mm long and
having a diameter of 3 inches were filled with those powders
at the atmospheric pressure. The aluminum c¢ang were then

placed in an oven and vacuumed at 500 °C to be degassed below

~10-

. !MII_“---___—-I
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1 mmHg. Subsequently, each aluminum can was heated to

480 °"C and subjected to the hot pressing process uging a
hot press whose maximum pressure wag 400 tons so as to form
a compacted block. The length ©£f these blocks was 110
mm ,

The aluminum c¢yvlinder enclosing each block was removed
by the machining technigue. Each block was then hot-ex-
truded at 500 °C from an extruder to providé a flux-contain-
ing alunrinum alloy brazing agent in the form ¢f a flat plate
of 2 mm thick and 50 mm wide. The behavior of thosge blocks
when extruded is listed on Table 1, to indicate their feagi-
bility of extrusion,

Dengsity of those brazing agents which were smoothly ex-
truded was measured and compared with theixr theoretical wvalues
calculated using the density of the raw materials. The

ratio of each measured density to the theoretical density

'ds shown on Table 1.

The flux-containing brazing agents, to which allotted
are the Nos, 1, 2, 4-7, 9, 11 -« 14, 16 and 17, were feasible
to extrude. Test pieces each 10 mm long, 10 mm wide and
2 mm thick were cut from the flat plates. rach test piece
was placed on an aluminum alloy support plate which was formed
of JIS-A3003 alloy to be 100 mm long, 50 mm wide and 2 nmm
thick. Subsequently, each of the test pieces set on the
support plate was heated at 600 - 620 °C for 10 minutes in

nitrogen gas and also in atmosphere. This test was for

-] —
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TABLE 1

Braz.
agents

1
2
3
4
5
Inv, 6
7
8
9
Ref. 10
Inv. 11
Inv. 12
Ref, 13
nv, 14
Ref, 15

Ref., 16
Ref. 17

Content of elements Blend ratio Extrud- Density

in the mass other of elements ability in & of
than fluxs (wt%) to £lux: (wt) (*1) tt;leor.
value

Si ZIn Sn In Al

1(#) - ~ - pal, 90 = 10 fair 98 or more
O - - -  bal. 90 ¢ 10 fair 08 or more
5 - - -~ bal. 68 : 32(#) poor -
10 - - - bal. 9 : 5 fair 98 or more
10 = — ~ bal, 100 : 0O{(#) fair 98 or more
10 = - - pal. 90 : 10 fair 98 or nmore
10 - - -~ bal, 68 :32(#) fair , 98 or more
20(#) -~ - -~  bal. 20 ¢ 10 poor -
5 2.0 - ~ bal. 90 : 10 fair 98 or more
5 2,0 -~ -~ bal, 68 : 32(#) poor -
10 ~ 0.2 ~ Dbal. 9531 5 fair 98 or more
10 - - 0.2 bal, 092 : 8 fair 98 or more

10 ~ 0.2 0.2 bal. 100

O(#) fair 98 or more

10 1.0 0,7 0.1 bal. 90 : 10 faix 98 or more
i0 2.0 0.1 -~ bal. 68 : 32(#) poor —~

20(#) - - 0,2 bal., 90 : 10 fair 08 or more
10 ~(#) ={(#) ={(#) bal, 90 : 10 faix 98 or more

values marked with (#) are deviation from the invention.

Notes: *1: "Fair"” means a good extrudability,
with "poor" meaning an inferior extyud-
ability causing cracks in the extrusions.

Ref. = Reference, Inv. = Invention,
Braz. = Brazing, theor. = theorxetical,
bal. = balance

the evaluation of brazeability based on their "spreadabil-

ity" over the support plate. Results of this test are

also given on Table 2. The salt solution spraving test

12~
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TABLE 2

Braz. Brazeablility (*1) Corrosion
agents ip atmosphere in nitrogen gas resistance (*2)
Ref, 1 .4 X (-)

Inv, 2 O O A

Inv. 4 O O A

Raf. S X X (=)

Inv. 6 O Q A

Ref. 7 A a (=)

Inv., 9 O O Q

Inv, 11 O O Q.

Inv, 12 Q QO O

Ref. 13 X X (—)

Inv, 14 O O O

Ref, 16 A A (=)

Ref, 17 O O A

Notes: *1 : The symbol "' indicates that the support plate

was sufficiently wetted with the brazing agent which
spread wide,
The further symbol "A" indicates that the support
plate was mevely partially wetted with the brazing agent.
e still further symbol "X" indicates that the sup-
port plate was scarcely wetted with the brazing agent.
*2 ¢+ The synbol "V indicates no corrosion was observed.
The further symbol " A" indicates that corxosion -
was observed more or less.

was carried out for 1000 hours according to JIS-Z22371 method
for the brazing agents Neos. 2, 4, 6, 9, 11, 12, 14 and 17,
After that, corrosion was checked to evaluate the corresion
resistance of the A3003 alloy support plate's area covered

with the bhrazing agent. Results of this test is shown

~13-=
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in Table 2, wherein a single rating was allotted to each

sample because no difference was obgserved betwean those which

were spread within N2 gas and atmosphere in the breazeability

test.

- Second Embodiment -
Each of the brazing agents Nos. 1, 2, 4 - 7, 9, 11 -
1%, 16 and 17 which had proved extrudable were hot pressure-
welded to both sides of an extruded ¢ore sheet of JIS-A3003
aluminum alloy. The thus welded composite sheet, which
was 20 mm thick, 50 mm wide and 200 mm long, -"ras cold rolled
into a reduced thickness ¢f 1 mm ( its skin layer on one
side being about 83 u m ), or a lesser thickness of 0,1
mm ( its skin layer on one side being about 8.3 y m ) soO
that a flux-containing aluminum brazing sheets were provided.
Subsequent to this cold rolling process, a rectangular
taest piece being 50 mm long and 30 mm wide was severed from
each brazing sheest, A reversed Tajoint was prepared by
erecting each test piece on a support plate which was made
of JIS-a3003 aluminum alloy and 50 mm long, 30 mm wide and
1 mm thick. The reversed T-joints were then heated to
600 - 620 °C for 10 minutes in atmosphere or in N, gas so
that the brazing sheets were brazed to the support plates,
raspectively. Their brazeability was evaluated and gave
a result shown in Table 3. The salt solution spraying

taest was also carried ouvt for 1000 hours-according teo JIS-22371

~14-
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TABLE 3

Braz. Brazeability (*1) Corrosion

agents in atmosphare  in nitrogen gas resistance (*2)
'#1nm ¥ 0.1Tmm #1mm # 0.1 mm ( # 1 mm )

Ref. 1 X X X X -

Inv. 2 O X Q X X

Inv. 4 O ¥ O X X

Ref. 5 X X X X -~

Inv., 6 O A O A X

Ref, 7 A X A X -

Inv., 9 O X O X O

Inv. 11 O X O X O

Inv, 12 O X O X O -

Ref. 13 X ) 4 X X -

Inv. 14 O A O A O

Ref. 16 A X A X -

Ref. 17 ® X O X X

Notes: (#) represents the thickness of the brazing sheets.
*1 = The syrbol "' indicates that the support plate
was sufficiently wetted with the brazing agent which
spread wide to ensure a satisfactory brazing.

The further symbol " 8" indicates that the support
plate was merely partially wetted with the brazing
agent, causing the brazing insufficient,

The still further symbol "X" indicates that the .
support plate was scarcely wetted with the brazing agent,
therehby rendering extramely pcor the brazing.

*2 :+ The symbol "O" indicates no corrosion was observed.

The further symbol "X" indicates that a violent cor-
rosion was observed.

method for the samples ( whoge sheet thickness was 1 mm )
comprising the brazing agents Nos. 2, 4, 6, 9, 11, 12, 14
and 17, After that, corrosion of the core sheets was

checked to evaluate their corrosion resistance. Results

~15-.
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of this test is shown in Table 3, wherein a singl?d ratindg

was allotted to each sample because no difference was ob-
servéd between those which were spread within N, gas or at-
mosphere in the breazeability test,

As will be seen from Table 2, the flux-contalining aluminum
alloy brazing agent of the present invention is 1f a high
brazeability not only in the N, gas but also in atmosphere
aven without use of any additional amount 6f flux. In
a case wherein the brazing agent contains Zn, $Sn and/or In,

the corrosion resistance of the brazed articles is improved

to a remarkable extent, As also seen from Table 3, the

flux~containing aluminum brazing sheet having its core sheet
covered with the skin layer composed of such a brazing agent
did prove excellent both in its brazeability and corrosion
resistance, similarly to the brazing agent itself.

Moreovery, the aluminum alloy brazing agent of the inven-
tion is excellent also in its processability in the extruding,
the pressure welding or other treatments, provided that its
silicon content and f£lux c¢ontent are within the range defined
herein. The brazing agent used for the production of above-
described flat sheet is also adapted for making any other
sheets of a cdmplicated shape 1f the pressing, the molding
or other adéquate technigues are employed solely or in combi-
nation, Thus, the brazing of various aluminum members
can he done easily, with & further possibility of changing

the shape of the brazing sheet prior to theibrazing thereof.

16—
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USAGE IN INDUSTRIES

Since the brazing agent and brazing sheet provided in
the invention 4o not need any amount of flux added separately
or independently when the brazing is done, the operation
for brazing aluminum members is now much simpler than in
the prior art flux-brazing method. The brazing process
may be remarkably sinmplified, and the periocd of time neces-
sary for aluminum nmenbexs to be brazed will 'be shortened
to a surprising degree, particularly in a case wherein those
members must be brazed one to another at many portions there-

of, for example in a case of manufacturing heat exchangers

from aluminum materials.

-17-
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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 agént comprising an aluminum alloy which

contains a flux, the agent having an apparent density, and

the alloy comprising i1n addition to the flux:
an aluminum element; and

a silicon element at 3 to 15 % by weight of all the

elements other than the flux;

wherein the ratio i1n weight of all the elements other

than the flux to the flux 1s from 99.9 : 0.1 to 70 : 30:

and
0.

wherein the apparent density is 90 % or more of a

theoretical density.

2 . A brazing agent as defined in claim 1, wherein the

silicon element 1s present at 6 to 12 % by weight of all

the elements other than the flux.

3. A brazing agent as defined 1n claim 1 or 2, wherein

the ratio i1n weight of all the elements other than the flux
to the flux 1s from 99.9 : 0.1 to 85 : 15.

4, A brazing agent as defined in claim 1 or 2, wherein

the ratio in welght of all the elements other than the flux
to the flux is from 98 : 2 to 950 : 10.

5. A brazing agent comprising an aluminum alloy which
contains a flux, the agent having an apparent density, and
the alloy comprising in addition to the flux:

an aluminum element;

a silicon element; and
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one or more elements selected from the group consisting
of a zinc element, a tin element and an indium element;

wherein the silicon element 1s present at 3 to 15 % by
welght of all the elements other than the flux, and the
zinc element, the tin element and the indium element, when
included, are present at 0.1 to 5 %, 0.01 to 0.5 %, and
0.01 to 0.5 % by weight of all the elements other than the
flux, respectively;

wherein the ratio in weight of all the elements other
than the flux to the flux 1s from 99.9 : 0.1 to 70 : 30;

and

wherein the apparent density 1is 90 % or more of a

theoretical density.

o . A brazing agent as defined i1n claim 5, wherein the

silicon element 1is present at 6 to 12 % by weight of all

e

the elements other than the flux.

7. A brazing agent as defined 1n claim 5 or 6, whereiln

the ratio in weight of all the elements other than the flux

to the flux is from ©99.9 : 0.1 to 85 : 15.

8 . A brazing agent as defined 1n claim 5 or 6, whereiln

the ratio in weight of all the elements to the flux 1s from

98 : 2 to 90 : 10.

9. A brazing agent as defined 1n any one of claims 5 to

8 wherein the zinc element, the tin element and the 1ndium

element are present at 0.5 to 2 35, 0.05 to 0.3 % and 0.03
to 0.1 %, respectively, by weight of all the elements other

than the flux.
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10. A brazing sheet comprising:

a core sheet made of aluminum or 1ts alloy;

a flux;-and

a skin layer clad to at least one of front and back
surfaces of the core sheet, having a thickness of 10 ym or
more for each surface, and containing the flux, with the
skin layer having an apparent density and being composed
of:

an aluminum element; and

a silicon element at 3 to 15 % by weight of all the |
elements other than the fiux;

wherein the ratio in welight of all the elements other
than the flux to the flux 1i1is from 99.9 : 0.1 to 70 : 30;
and

wherein the apparent density 1s 90 % or more of a

theoretical density.

11. A brazing sheet as defined in claim 10, wherein the
silicon element is present in the skin layer at 6 to 12 %

by weight of all the elements other than the flux.

12. A brazing sheet as defined in claim 10 or 11, wherein
the ratio in weight of all the elements other than the flux
in the skin layer to the flux is from 99.9 : 0.1 to

85 : 15.

13. A brazing sheet as defined in claim 10 or 11, whereiln

the ratio in weight of all the elements other than the flux
in the skin layer to the flux is from 98 : 2 to 90 : 10.

14. A brazing sheet as defined in any one of claims 10 to

13, wherein the thickness of the skin layer 1s 20 pm or

more.
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15. A brazing sheet comprising:

*

a core sheet made of aluminum or its alloy;

a flux; and

a skin layer clad to at least one of front and back
surfaces of the core sheet, having a thickness of 10 pm in
or more for each surface, and containing the flux, with the

skin layer having an apparent density and being composed

of:

an aluminum element;

a silicon element; and

one or more elements selected from the group consisting
of a zinc element, a tin element and an indium element;

wherein the silicon element 1s present at 3 to 15 % by
weight of all the elements other than the flux, and the
zinc element, the tin element and the indium element, when
included, are present at 0.1 to 5 %, 0.01 to 0.5 %, and
0.01 to 0.5 % by weight of all the elements other than the
flux, respectively;

wherein the ratio in weight of all the elements other

than the flux to the flux 1is from 99.9 : 0.1 to 70 : 30;

and

wherein the apparent density 1s 90 % or more of a

theoretical density.

16. A brazing sheet as defined in claim 15, wherein the

silicon element is present in the skin layer at © to 12 %

by weight of all the elements other than the flux.

17. A brazing sheet as defined in claim 15 or 16, whereiln

the ratio in weight of all the elements other than the flux

in the skin layer to the flux 1s from 99.9 : 0.1 to

85 : 15.
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18. A brazing sheet as defined in claim 15 or 16, wherein

the ratio in welight of all the elements other than the flux

in the skin layer to the flux 1s from 98 : 2 to 90 : 10.

19. A brazing sheet as defined in any one of claims 15 to
18, wherein the zinc element, the tin element and the
indium element are present at 0.5 to 2 %, 0.05 to 0.3 3,

and 0.03 to 0.1 %, respectively, by weight of all the

elements other than the flux.

20. A brazing sheet as defined i1n any one of claims 15 to

19, wherein the thickness of the skin layer 1s 20pm or

more.
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