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HIGH-STRENGHT ALUMNUMALLOY 
BRAZING SHEET AND METHOD OF 

MANUFACTURE 

FIELD OF THE INVENTION 

0001. The present invention relates to an aluminum alloy 
brazing sheet used in a heat exchanger for an automobile. 
More specifically, the present invention relates to a high 
strength aluminum alloy brazing sheet which is suitably uti 
lized as a passage-forming member for a compressed air 
having a high temperature air or a cooling medium, and a 
method of manufacturing such a brazing sheet. 

BACKGROUND OF THE INVENTION 

0002 Since an aluminum alloy exhibits a lightweight 
nature and a high thermal conductivity, and since a high 
corrosion-resistant feature can be realized in the aluminum 
alloy by a suitable processing, it is utilized in a heat exchanger 
for an automobile, for example, a radiator, a condenser, an 
evaporator, a heater, an intercooler and so forth. For a tube 
member for the automobile heat exchanger, a 2-ply clad mate 
rial or a 3-ply clad material is used: the 2-ply clad material 
includes a core material composed of an Al/Mn-based alloy 
such as JIS3003 alloy and so forth, and an Al/Si-based filler 
material oran Al/Zn-based sacrificial anode material cladded 
on one surface of the core material; and the 3-ply clad mate 
rial includes a core material composed of an A1/Mn-based 
alloy such as JIS3003 alloy and so forth, an Al Si-based 
filler material or an Al/Zn-based sacrificial anode material 
cladded on one surface of the core material, and an Al/Si 
based filler material cladded on the other surface of the core 
material. 
0003. Usually, in a heat exchanger, one of these clad mate 

rials is combined with and joined to a corrugated fin by 
carrying out a brazing process at a high temperature on the 
order of 600 C, to thereby produce a tube member. After the 
tube members so produced are installed as a heat exchanger in 
an automobile, when any one of the tube members is broken 
and pierced, the tube member concerned leaks a cooling 
water or a cooling medium circulating in an interior of the 
heat exchanger. Thus, in order that a service life of the heat 
exchanger can be prolonged, there is a need of an aluminum 
alloy brazing sheet exhibiting a Superior strength after being 
Subjected to a brazing process. 
0004 Incidentally, in recent years, there is much demand 
oflighter weight for an automobile, and thus aheat exchanger 
for the automobile must become lighter to comply with the 
demand. To this end, it has been considered and studied that 
members for producing the heat exchanger are made thin, and 
thus it is necessary to further improve a strength of the alu 
minum alloy brazing sheet after being Subjected to the braZ 
ing process. 
0005 Conventionally, in general, for a tube member for 
producing a heat exchanger. Such as a radiator or a heater for 
automobiles, in which a coolant is circulated, a 3-ply tube 
member has been used, with the 3-ply tube member including 
a core material composed of an A1/Mn-based alloy or the like, 
which is represented by JIS 3003, an inner surface of the core 
material being cladded with a sacrifice material Such as 
Al/Zn-based alloy or the like, an atmosphere-side surface or 
outer surface of the core material being cladded with a filler 
material such as A1/Si-based alloy or the like. Nevertheless, a 
strength of the clad material, in which the core material com 
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posed of JIS 3003 alloy is used, is on the order of 110 MPa 
after it is subjected to a brazing process, and this strength is 
insufficient. 
0006. In general, it is considered that the core material 
composed of the A1/Mn-based alloy, which covers a major 
part of the strength of the brazing sheet, is a dispersion 
strengthened alloy. For this reason, in the prior art, it has been 
proposed that the core material is strengthened by making the 
density of particles of intermetallic compounds in the core 
material high, and making the particles of intermetallic com 
pounds in the core material small. Nevertheless, since the 
brazing sheet is heated to a temperature of 600C, a major part 
of the fine intermetallic compounds is again Subjected to a 
solid solution. Thus, in order to improve the strength of the 
core material, it is significant to reduce the coarse interme 
tallic compounds which are not again subjected to the Solid 
Solution during the brazing process, resulting in a large con 
tribution to a solid solution strengthening effect. Since the 
coarse intermetallic compounds are mainly produced during 
various processes between a casting process and a hot rolling 
process, it is necessary to minutely control the conditions of 
these processes. 
0007 For example, in Patent Document 1, it is disclosed 
that a core material is subjected to a homogenization process 
at a temperature of at least 570 Cover a time period of at least 
8 hrs, that the core material is then subjected to a hot rolling 
process at a temperature within a range of 450-550 C, and that 
various conditions of other processes are minutely regulated. 
As a result, a metal texture so obtained features that a density 
of precipitates having a size of at least 1 m is at least 10,000/ 
mm. Nevertheless, no reference is made to the fact that the 
intermetallic compounds are again subjected to the Solid solu 
tion during the brazing process. 

PATENT DOCUMENTS 

0008 Patent Document 1: JP-H02-282451 A 
0009. A feature of the present invention is the providing of 
an aluminum alloy brazing sheet not only has a Superior 
brazing property and a Superior corrosion resistance, but also 
features a large strength. Especially, the present invention 
aims at providing an aluminum alloy brazing sheet, which can 
be suitably utilized as a passage-forming member for an 
automobile heat exchanger, and a method of manufacturing 
the aluminum alloy brazing sheet. 

SUMMARY OF THE INVENTION 

0010. It has been found that a clad material featuring a 
specific metal texture, which is produced by specific pro 
cesses, using an aluminum alloy core material having a spe 
cific alloy composition, is Suitable for the present invention 
using aluminum alloy, resulting in achievement of the present 
invention. 
0011. In a first aspect, the present invention relates to a 
high strength aluminum alloy brazing sheet having a core 
material composed of an aluminum alloy; and a filler material 
cladded on at least one surface of the core material and com 
posed of an Al/Si-based alloy. The core material is an alumi 
num alloy which contains Si within a range of about 0.05 
about 1.2 mass %, Fe within the range of about 0.05-about 1.0 
mass %, Cu within the range of about 0.05-about 1.2 mass %, 
and Mn within the range of about 0.6-about 1.8 mass %, and 
where the balance is Al and the inevitable impurities; that the 
filler material is an aluminum alloy which contains Si within 
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a range of about 2.5-about 13.0 mass %, and Fe falling within 
a range of about 0.05-about 1.0 mass %, and where the bal 
ance is Al and the inevitable impurities; and that the area 
percentage, at which an arbitrary cross-section of the core 
material before a brazing process is occupied with interme 
tallic compounds having a size falling within a range of about 
0.2-about 0.5 m, is at most 5%; and that a solid solution 
amount of Mn is at least 0.2 mass % in the core material after 
the brazing process. 
0012. In a second aspect, the present invention relates to a 
core material that further contains at least one element 
selected from the group of Mg falling within a range of about 
0.05-about 0.5 mass %, Ti falling within a range of about 
0.05-about 0.3 mass %, Zir falling within a range of about 
0.05-about 0.3 mass %, Cr falling within a range of about 
0.05-about 0.3 mass %, and V falling within a range of about 
0.05-about 0.3 mass %, in addition to the aforesaid elements. 
0013. In a third aspect, the present invention relates to a 

filler material cladded to the aforesaid one surface of the core 
material further contains Zinfalling within a range of 0.3-5.5 
mass %, in addition to the aforesaid elements. 
0014. In a fourth aspect, the present invention relates to a 
high strength aluminum alloy brazing sheet that includes a 
core material composed of an aluminum alloy; a filler mate 
rial cladded on a Surface of the core material and composed of 
an Al/Si-based alloy; and a sacrificial anode material cladded 
on another Surface of the core material and composed of an 
aluminum alloy where the core material is an aluminum alloy 
which contains Sifalling within a range of about 0.05-about 
1.2 mass %, Fe falling a range of about 0.05-about 1.0 mass 
%, Cu falling within a range of about 0.05-about 1.2 mass %, 
and Mn falling within a range of about 0.6-about 1.8 mass %, 
and where the balance is Al and the inevitable impurities; that 
the filler material is an aluminum alloy that contains Sifalling 
within a range of 2.5-13.0 mass %, and Fe falling within a 
range of 0.05-1.0 mass %, and where the balance is Aland the 
inevitable impurities; that the sacrificial anode material is an 
aluminum alloy which contains Zn falling within a range of 
about 0.5-about 6.0 mass %, Sifalling within a range of about 
0.05-about 1.5 mass %, and Fe falling within a range of about 
0.05-about 2.0 mass %, and where the balance is Al and the 
inevitable impurities; that an area percentage, at which an 
arbitrary cross-section of the core material before a brazing 
process is occupied with intermetallic compounds having a 
size falling within a range of about 0.2-about 0.5 m, is at most 
5%; and that a solid solution amount of Mnis at least 0.2 mass 
% in the core material after the brazing process. 
0015. In a fifth aspect, the present invention relates to a 
core material that further contains at least one element 
selected from the group of Mg falling within a range of about 
0.05-about 0.5 mass %, Ti falling within a range of about 
0.05-about 0.3 mass %, Zir falling within a range of about 
0.05-about 0.3 mass %, Cr falling within a range of about 
0.05-about 0.3 mass %, and V falling within a range of about 
0.05-about 0.3 mass %, in addition to the aforesaid elements. 
0016. In sixth aspect, the present invention relates to a 

filler material further contains Zn falling within a range of 
about 0.3-about 5.5 mass %, in addition to the aforesaid 
elements. 
0017. In a seventh aspect, the present invention relates to a 
sacrificial anode material that further contains at least one 
element selected from the group Mnfalling within a range of 
about 0.05-about 1.8 mass %, Mg falling within a range of 
about 0.5-about 3.0 mass %. Tifalling within a range of about 
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0.05-about 0.3 mass %, Zir falling within a range of about 
0.05-about 0.3 mass %, Cr falling within a range of about 
0.05-about 0.3 mass %, and V falling within a range of about 
0.05-about 0.3 mass %, in addition to the aforesaid elements. 
0018. In an eighth aspect, the present invention relates to a 
method of manufacturing a high strength aluminum alloy 
brazing sheet as set forth in any one of aspects 1 to 3. The 
method entails casting processes for casting the aluminum 
alloys of the core material and the filler material, respectively; 
a combining process in which the cast core material is com 
bined with the cast filler materialso that the cast filler material 
is applied to at least one Surface of the cast core material, to 
thereby produce a composite material; a heating process in 
which the composite material is heated and held after the 
combining process; and a hot clad rolling process in which the 
composite material is rolled after the heating process where 
the casting speedV (mm/min)and an amount of cooling water 
W (kg/minxcm) satisfy the following formula (1) in the cast 
ing process for the core material: 

25sO4x VW (1): 

that the composite material is held at a temperature falling 
within a range of about 400-about 500 C over a time period 
falling within a range of 0-about 10 hrs during the heating 
process; that a time period, which is counted from a rolling 
start, and which is taken to reduce a thickness of the compos 
ite material by 50 mm, is at most 5 min in the hot clad rolling 
process; that a temperature of the composite material falls 
within a range of about 400-about 45° C. at the time when the 
thickness of the composite material is reduced by 50 mm; that 
a time period, which is counted from the time when the 
thickness of the composite material is reduced by 50 mm, and 
which is taken to reduce the thickness of the composite mate 
rial to 20 mm, is at most 10 min; that a temperature of the 
composite material falls within a range of about 300-about 
40° C. at the time when the thickness of the composite mate 
rial is reduced to 10 mm; and that a time period, which is 
counted from the rolling start to a rolling end, is at most 40 
min. 
0019. In a ninth aspect, the present invention relates to a 
method of manufacturing a high strength aluminum alloy 
brazing sheet as set forth in any one of aspects 4 to 7 above 
entailing: casting processes for casting the aluminum alloys 
of the core material, the filler material and the sacrificial 
anode material, respectively; a combining process in which 
the cast core material is combined with the cast filler material 
and the cast sacrificial anode material so that the cast filler 
material is applied to at least one Surface of the cast core 
material, and so that the cast sacrificial anode material to 
another Surface of the cast core material, to thereby produce a 
composite material; a heating process in which the composite 
material is heated and held after the combining process; and 
a hot clad rolling process in which the composite material is 
rolled after the heating process where a casting speed V 
(mm/min) and an amount of cooling water W (kg/minxcm) 
satisfy the following formula (1) in the casting process for the 
core material: 

25sO4x VW (1): 

that the composite material is held at a temperature falling 
within a range of about 400-about 500 C over a time period 
falling within a range of 0-about 10 hrs during the heating 
process; that a time period, which is counted from a rolling 
start, and which is taken to reduce a thickness of the compos 
ite material by 50 mm, is at most 5 min in the hot clad rolling 
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process; that a temperature of the composite material falls 
within a range of about 400-about 45° C. at the time when the 
thickness of the composite material is reduced by 50 mm; that 
a time period, which is counted from the time when the 
thickness of the composite material is reduced by 50 mm, and 
which is taken to reduce the thickness of the composite mate 
rial to 20 mm, is at most 10 min; that a temperature of the 
composite material falls within a range of about 300-about 
40° C. at the time when the thickness of the composite mate 
rial is reduced to 10 mm; and that a time period, which is 
counted from the rolling start to a rolling end, is at most 40 
1. 

EFFECTS OF THE INVENTION 

0020. According to the present invention, there is provided 
a high strength aluminum alloy brazing sheet exhibiting a 
high strength after a brazing process, and a method of manu 
facturing Such a brazing sheet. Also, not only can this brazing 
sheet have Superior brazing properties such as a fin joining 
rate, an erosion resistance and so forth, but also it is possible 
to attain a Superior corrosion resistance, using a filler material 
composed of Suitable components or a sacrificial anode mate 
rial composed of Suitable components, or using a filler mate 
rial of composed of Suitable components and a sacrificial 
anode material composed of suitable components. Especially, 
the aluminum alloy brazing sheet according to the present 
invention can be suitably utilized as a tube member in a heat 
exchanger for an automobile due to not only the aforesaid 
features but also a lightweight nature and a high thermal 
conductivity thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

0021 Next, an aluminum alloy brazing sheet according to 
the present invention and a method of manufacturing Such a 
brazing sheet will now be explained in detail. Note that per 
formance on a strength and a corrosion resistance is referred 
to as being obtained after a brazing process. Usually, the 
brazing process is carried out in Such a manner that the braZ 
ing sheet is heated to a temperature on the order of about 60° 
C., and is then air-cooled, and thus a heating process, a heat 
ing rate, a cooling rate, a heating time, a cooling time and so 
forth are not especially limited. 
0022 First, components of each of core, brazing and sac 

rificial anode materials for producing the aluminum alloy 
brazing sheet according to the present invention, a reason why 
the components should be contained in each of the materials, 
and a range on the content of each of the components will be 
explained below. 

A: Components of Alloys 

1) Core Material 
0023 Si produces Al/Mn/Si-based intermetallic com 
pounds together with Mn, and improves strength of the core 
material by either a dispersion hardening effect or a solid 
Solution strengthening effect obtained due to a solid solution 
of Si in the matrix phase of aluminum. The content of Sifalls 
within a range of about 0.05-about 1.2 mass % (which is 
merely abbreviated to % hereinafter). When the Si content is 
less than about 0.05%, the aforesaid effect is small. When the 
Si content exceeds about 1.2%, a melting point of the core 
material declines, and thus an erosion of the core material by 
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the filler material occurs. Preferably, the Si content falls 
within a range of about 0.3-about 1.0%. 
0024 Fe easily produces intermetallic compounds having 
a size which can serve as nucleuses for recrystallization, and 
makes a crystallized grain diameter large after a brazing pro 
cess. In order to restrain diffusion of a filler material, the 
content of Fe falls within a range of about 0.05-about 1.0%. 
When the Fe content is less than about 0.05%, it is necessary 
to use a high-purity aluminum metal, resulting in an increase 
in a manufacturing cost. When the Fe content exceeds about 
1.0%, the crystallized grain diameter becomes fine after a 
brazing process, and thus the diffusion of the filler material is 
caused. Preferably, the Fe content falls within a range of about 
0.1-about 0.5%. 
0025 Cu improves a strength of the core material by a 
solid solution strengthening effect. The content of Cu falls 
within a range of about 0.05-about 1.2%. When the Cu con 
tent is less than about 0.05%, the aforesaid effect becomes 
small. When the Cu content exceeds about 1.2%, a crack 
occurs in the aluminum alloy during a casting process. Pref 
erably, the Cu content falls within a range about 0.3-about 
1.0%. 

0026 Mn produces A1/Mn/Si-based intermetallic com 
pounds together with Si, and improves strength of the core 
material by either a dispersion hardening effect or a solid 
Solution strengthening effect obtained due to a solid solution 
of Mn in the matrix phase of aluminum. The content of Mn 
falls within a range of about 0.6-about 1.8%. When the Mn 
content is less than about 0.6%, the aforesaid effect becomes 
small. When the Mn content exceeds about 1.8%, large inter 
metallic compounds are easily produced during a casting 
process so that a plastic-workability deteriorates. Preferably, 
the Mn content falls within a range of about 0.8-about 1.6%. 
0027 Mg improves a strength of the core material by 
separation of MgSi, and thus it is preferable that the core 
material contains Mg. Preferably, a content of Mg falls within 
a range of about 0.05-about 0.5%. When the Mg content is 
less than about 0.05%, there may be a case where the afore 
said effect becomes small. When the Mg, content exceeds 
about 0.5%, there may be a case where it is difficult to carry 
out a brazing process. More preferably, the Mg, content falls 
within a range of about 0.15-about 0.4%. 
0028 Tiimproves a strength of the core material by a solid 
solution strengthening effect, and thus it is preferable that the 
core material contains Ti. Preferably, the content of Ti falls 
within a range of about 0.05-about 0.3%. When the Ticontent 
is less than about 0.05%, there may be a case where the 
aforesaid effect is not obtained. When the Ticontent exceeds 
about 0.3%, large intermetallic compounds are easily pro 
duced so that there may be a case where a plastic-workability 
deteriorates. More preferably, the Ti content falls within a 
range of about 0.1-about 0.2%. 
0029 Zr not only improves a strength of the core material 
by a solid solution strengthening effect, but also separates 
Al/Zr-based compounds, resulting in enlargement of crystal 
lized grains after a brazing process, and thus it is preferable 
that the core material contains Zr. Preferably, the content of Zr 
falls within the range of about 0.05-about 0.3%. When the Zr 
content is less than about 0.05%, there may be a case where 
the aforesaid effect is not obtained. When the Zr content 
exceeds about 0.3%, large intermetallic compounds are easily 
produced so that there may be a case where a plastic-work 
ability deteriorates. More preferably, the Zr content falls 
within a range of about 0.1-about 0.2%. 
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0030 Cr not only improves a strength of the core material 
by a solid solution strengthening effect, but also separates 
Al/Cr-based compounds, resulting in enlargement of crystal 
lized grains after a brazing process, and thus it is preferable 
that the core material contains Cr. Preferably, the content of 
Crfalls within the range of about 0.05-about 0.3%. When the 
Crcontent is less than about 0.05%, there may be a case where 
the aforesaid effect is not obtained. When the Cr content 
exceeds about 0.3%, large intermetallic compounds are easily 
produced so that there may be a case where a plastic-work 
ability deteriorates. More preferably, the Cr content falls 
within a range of about 0.1-about 0.2%. 
003.1 V improves strength of the core material by a solid 
solution strengthening effect, and thus it is preferable that the 
core material contains V. Preferably, the content of V falls 
within the range of about 0.05-about 0.3%. When the V con 
tent is less than about 0.05%, there may be a case where the 
aforesaid effect is not obtained. When the V content exceeds 
about 0.3%, large intermetallic compounds are easily pro 
duced so that there may be a case where a plastic-workability 
deteriorates. More preferably, the V content falls within a 
range of about 0.1-about 0.2%. 
0032. If necessary, at least one of the elements Mg, Ti, Zr, 
Crand V may be contained in the core material. Also, each of 
these elements may contain the inevitable impurities of at 
most 0.05%, and a total content of the inevitable impurities 
may be at most 0.15%. 

2) Filler Material 
0033 Si causes a fall of a melting point of the filler mate 

rial so that the filler material may take on a liquid phase, to 
thereby make a brazing process possible. The content of Si 
falls within a range of about 2.5-about 13.0%. When the Si 
content is less than about 2.5%, an amount of the liquid phase 
becomes Small so that a brazing function cannot be suffi 
ciently obtained. On the other hand, when the Si content 
exceeds about 13.0%, an amount of Si which is diffused into 
a counter-material Such as a fin material and so forth is exces 
sive, to thereby cause a melting of the counter-material. It is 
preferable that the Si content falls within a range of about 
3.5-about 12.0%, more preferably, about 7.0-about 12.0%. 
0034 Fe easily produces Al/Fe-based compounds and 
Al/Fe/Si-based compounds. Due to the production of the 
Al/Fe/Si-based compounds, an effective Si amount of the 
filler material declines. Also, due to the production of the 
Al/Fe-based compounds and Al/Fe/Si-based compounds, flu 
idity of the filler material declines during a brazing process, 
resulting in deterioration in a brazing property. The content of 
Fe falls within a range of about 0.05-about 1.0%. When the Fe 
content exceeds about 1.0%, a brazing property deteriorates 
so that sufficient brazing cannot be obtained. On the other 
hand, when the Fe content is less than about 0.05%, it is 
necessary to use a high-purity aluminum metal, resulting in 
an increase in a manufacturing cost. Preferably, the Fe content 
falls within a range of about 0.1-about 0.8%. 
0035 Zn can give a lower potential to the filler material to 
thereby establish a potential difference between the filler 
material and the core material whereby it is possible to 
improve a corrosion resistance due to a sacrificial anode 
effect, and thus it is preferable that the filler material contains 
Zn. The content of Zn falls within a range of about 0.3-about 
5.5%. When the Zn content is less than about 0.3%, there may 
be a case where the aforesaid effect is not sufficiently 
obtained. When the Zn content exceeds about 5.5%, Zn is 
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concentrated in a joining area on a counter-material Such as a 
fin material and so forth, and the concentrated joining area is 
Subjected to a prior corrosion so that the counter-material may 
be peeled. More preferably, the Zn content falls within the 
range of about 0.5-about 3.0%. 
0036) Each of these elements may contain the inevitable 
impurities in an amount of at most 0.05%, and that a total 
content of the inevitable impurities may be at most 0.15%. 
Also, the filler material may be cladded on at least one surface 
of the core material. 

3) Sacrificial Anode Material 
0037 Zn can give a lower potential to the sacrificial anode 
material to thereby establish a potential difference between 
the sacrificial anode material and the core material whereby it 
is possible to improve a corrosion resistance by a sacrificial 
anode effect. The content of Zn falls within a range of about 
0.5-about 6.0%. When the Zn content is less than about 0.5%, 
the aforesaid effect cannot be sufficiently obtained. When the 
Zncontent exceeds about 6.0%, a corrosion rate is accelerated 
so that the sacrificial anode material prematurely disappears, 
resulting in deterioration in a corrosion resistance. Preferably, 
the Zn content falls within the range of about 1.0-about 5.0%. 
0038 Si produces Al/Fe/Mn/Si-based compounds 
together with Fe and Mn, and improves a strength of the 
sacrificial anode material by either a dispersion hardening 
effect or a solid solution strengthening effect obtained due to 
a solid solution of Si in the matrix phase of aluminum. Also, 
Sireacts with Mg diffused from the core material, to thereby 
produce MgSi compounds so that the sacrificial anode mate 
rial is strengthened. The content of Sifalls within a range of 
about 0.05-about 1.5%. When the Sicontent is less than about 
0.05%, it is necessary to use a high-purity aluminum metal, 
resulting in an increase in a manufacturing cost. On the other 
hand, when the Si content exceeds about 1.5%, a melting 
point of the sacrificial anode material declines, resulting in a 
melting of the sacrificial and material, and an upper potential 
is given to the sacrificial anode material so that a sacrificial 
anode effect is Suppressed, resulting in deterioration in a 
corrosion resistance. Preferably, the Si content falls within a 
range of about 0.05-about 1.2%. 
0039 Fe produces Al/Fe/Mn/Si-based compounds 
together with Si and Mn, and improves strength of the sacri 
ficial anode material by a dispersion hardening effect. The 
content of Fe falls within a range of about 0.05-about 2.0%. 
When the Fe content is less than about 0.05%, it is necessary 
to use a high-purity aluminum metal, resulting in an increase 
in a manufacturing cost. On the other hand, when the Fe 
content exceeds about 2.0%, large intermetallic compounds 
are easily produced during a casting process So that a plastic 
workability deteriorates. Preferably, the Fe content falls 
within a range of about 0.05-about 1.5%. 
004.0 Mn improves strength and a corrosion resistance of 
the sacrificial anode material, and thus it is preferable that the 
sacrificial anode material contains Mn. Preferably, the con 
tent of Mn falls within a range of about 0.05-about 1.8%. 
When the Mn content exceeds about 1.8%, there may be a 
case where large intermetallic compounds are easily pro 
duced during a casting process So that a plastic-workability 
deteriorates, and where an upper potential is given to the 
sacrificial anode material So that a sacrificial anode effect is 
Suppressed, resulting in deterioration in a corrosion resis 
tance. On the other hand, when the Min content is less than 
about 0.05%, there may be a case where the aforesaid effect is 



US 2012/0129003 A1 

not sufficiently obtained. More preferably, the Mn content 
falls within a range of about 0.05-about 1.5%. 
0041) Mg improves strength of the sacrificial anode mate 

rial due to separation of MgSiMg. Also, not only the strength 
of the sacrificial anode material perse is improved, but also a 
strength of the core material is improved due to the fact that 
Mg is diffused into the core material during a heating process 
for brazing. For these reasons, it is preferable that the sacri 
ficial anode material contains Mg. Preferably, the content of 
Mg falls within a range of about 0.5-about 3.0%. When the 
Mg content is less than about 0.5%, there may be a case where 
the aforesaid effect becomes small. When the Mg, content 
exceeds about 3.0%, there may be case where it is difficult to 
carry out a pressure-joining during a hot clad rolling process. 
Preferably, the Mg, content falls within the range of about 
0.5-about 2.0%. Note, due to the fact that Mg retards a brazing 
property in a Nocolok brazing method, when the sacrificial 
anode material contains Mg in an amount of at most 0.5%, it 
is impossible to carry out the Nocolok brazing method. Thus, 
in this case, in order to join tube members to each other, it is 
necessary to utilize, for example, a welding method. 
0042 Ti improves not only strength of the sacrificial 
anode material by a solid solution strengthening effect, but 
also corrosion resistance, and thus it is preferable that the 
sacrificial anode material contains Ti. Preferably, the content 
of Tifalls within a range of about 0.05-about 0.3%. When the 
Ticontent is less than about 0.05%, there may be a case where 
the aforesaid effect is not obtained. On the other hand, when 
the Ti content exceeds about 0.3%, large intermetallic com 
pounds are easily produced so that there may be a case where 
a plastic-workability deteriorates. Preferably, the Ti content 
falls within a range of about 0.05-about 0.2%. 
0043 Zr not only improves a strength of the sacrificial 
anode material by a solid solution strengthening effect, but 
also separates Al/Zr-based compounds, resulting in enlarge 
ment of crystallized grains after brazing, and thus it is pref 
erable that the sacrificial anode material contains Zr. Prefer 
ably, the content of Zrfalls within a range of about 0.05-about 
0.3%. When the Zr content is less than about 0.05%, there 
may be a case where the aforesaid effect is not obtained. 
When the Zr content exceeds about 0.3%, large intermetallic 
compounds are easily produced so that there may be a case 
where a plastic-workability deteriorates. More preferably, the 
Zr content falls within the range of about 0.1-about 0.2%. 
0044) Cr not only improves a strength of the sacrificial 
anode material by a solid solution strengthening effect, but 
also separates Al/Cr-based compounds, resulting in enlarge 
ment of crystallized grains after brazing, and thus it is pref 
erable that the sacrificial anode material contains Cr. Prefer 
ably, the content of Crfalls within a range of about 0.05-about 
0.3%. When the Cr content is less than about 0.05%, there 
may be a case where the aforesaid effect is not obtained. 
When the Cr content exceeds about 0.3%, large intermetallic 
compounds are easily produced so that there may be a case 
where a plastic-workability deteriorates. More preferably, the 
Cr content falls within the range of about 0.1-about 0.2%. 
0045 V improves not only a strength of the sacrificial 
anode material by a solid solution strengthening effect, but 
also corrosion resistance, and thus it is preferable that the 
sacrificial anode material contains V. Preferably, the content 
of V falls within a range of about 0.05-about 0.3%. When the 
V content is less than about 0.05%, there may be a case where 
the aforesaid effect is not obtained. On the other hand, when 
the V content exceeds about 0.3%, large intermetallic com 
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pounds are easily produced so that there may be a case where 
a plastic-workability deteriorates. Preferably, the V content 
falls within the range of about 0.05-about 0.2%. 
0046. At least one of the elements Mn, Mg, Ti, Zr, Crand 
V may be added to the sacrificial anode material, if necessary. 
Note that each of these elements may contain the inevitable 
impurities in an amount of at most 0.05%, and the total 
content of the inevitable impurities may be at most 0.15%. 
Also, for example, when a high corrosion resistance is 
demanded in an environment in which a heat exchanger is 
used, the sacrificial anode material is cladded on one Surface 
of the core material. 

B: Metal Texture 

0047. Also, the aluminum alloy brazing sheet according to 
the present invention participates in a metal texture of the core 
material. In this metal texture, an area percentage, at which an 
arbitrary cross-section of the core material before a brazing 
process is occupied with intermetallic compounds having a 
size falling within a range of 0.2-0.5 m, is at most 5%, and a 
solid solution amount of Mn is limited to at least 0.2% in the 
core material after the brazing process. The ground for this 
limitation will be explained below. Note, the size of the inter 
metallic compounds is defined as a projected area diameter. 
0048. As already stated, in order to increase a strength of 
the brazing sheet after a brazing process, it is effective that a 
Solid solution amount of Mn becomes large in the core mate 
rial after a brazing process. When the solid solution amount of 
Mn is at least 0.2% after the brazing process, a solid solution 
strengthening effect can be sufficiently obtained. When the 
solid solution amount of Mn is less than 0.2% after the braz 
ing process, the Solid solution strengthening effect becomes 
small. Note, although there is no upper limit of the solid 
Solution amount of Mn in view of a high Strengthening of the 
core material, it is difficult to obtain the solid solution amount 
of Mn having more than 0.8% in the components of the core 
material according to the present invention. Also, note that the 
measurement of the solid solution amount of Mn after the 
brazing process is carried out by: removing a cladding from 
the core material with a caustic etching process; resolving the 
core material in a phenol Solution; filtering the un-resolvable 
intermetallic compounds out of the Solution; and by Subject 
ing the intermetallic compounds to a measuring process using 
an optical emission spectrometer. 
0049. Also, due to the fact that Mn is included in the 
intermetallic compounds, in order that the solid solution 
amount of Mn is at least 0.2% after a brazing process, the 
intermetallic compounds having a relative large size should 
become as Small as possible in a blank State of the core 
material before the brazing process. In this view point, it has 
been found by the inventors that it is possible to obtain the Mn 
solid solution amount of at least 0.2% after the brazing pro 
cess to thereby attain a Sufficient solid solution strengthening 
effect when the area percentage of the intermetallic com 
pound having the size falling within the range of about 0.2- 
about 0.5 m included in the core material in a blank of the 
brazing sheet before the brazing process is at most 5% in the 
arbitrary cross-section of the core material before the brazing 
process. When the area percentage of the intermetallic com 
pound having the size falling within the range of 0.2-0.5 m 
exceeds 5%, the Min solid solution amount becomes less than 
0.2% after the brazing process, it is extremely difficult to 
obtain a Sufficient Solid solution strengthening effect. Since 
the intermetallic compounds having a size of less than 0.2 m 
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is again Subjected to a solid solution during the brazing pro 
cess So that the Solid solution strengthening effect cannot be 
retarded after the brazing process. Also, the intermetallic 
compounds having a size of more than 0.5 m are ordinarily 
Al/Fe/Si-based crystallization products, and do not prevent 
the solid solution of Mn, so that a decline in the strength is not 
caused. 

C: Method of Manufacturing Aluminum Alloy Brazing Sheet 
0050. Next, a method of manufacturing an aluminum alloy 
brazing sheet will be explained. 
0051. In order to suppress an amount of intermetallic com 
pounds in a core material, an amount of heat to be applied to 
the core material in various processes between a casting pro 
cess and a hot rolling process should be controlled so as to be 
Small. Especially, a cooling rate is significant during a casting 
process of the core material. The faster the cooling rate, the 
Smaller an amount of the intermetallic compounds. During 
the casting process, the cooling is carried out by a DC method, 
and a casting rate V (mm/min) and an amount of cooling 
water (kg/minxcm) exert a large influence on the amount of 
the intermetallic compounds as factors for determining the 
cooling rate during the casting process. 
0.052. It has been found that a desirable metal texture can 
be obtained when the castingrateV (mm/min)and the amount 
of cooling water (kg/minxcm) satisfy the following formula 
(1): 

25sO4x VW (1) 

0053 Although other conditions for the casting process 
are not especially subjected to limitations, it is preferable that 
a temperature of a molten metal falls within the range of about 
670-about 80°C., and that a height of a metal head falls within 
a range of about 50-about 150 mm. Note, although respective 
casting processes for sacrificial anode and filler materials are 
not especially subjected to limitations, it is preferable that 
each of these processes is carried out by using the DC method, 
that a temperature of a molten metal falls within a range of 
about 670-about 80°C., and that a height of a metal head falls 
within a range of about 50-about 150 mm. 
0054 Next, a combining process, a heating process for a 
composite material, and a hot clad rolling process will be 
explained. 
0055. The aluminum alloys of the core material, sacrificial 
anode material and filler material, which are cast by the 
aforesaid method, are Subjected to a combining process. In 
the combining process, the core material, sacrificial anode 
material and/or filler material are combined with each other 
So as to prepare three composite materials: a 2-ply composite 
material in which the cast filler material is applied to one 
Surface of the cast core material; a 3-ply composite material in 
which the respective cast filler materials are applied to both 
Surfaces of the core material; and a 3-ply composite material 
in which the filler material and the sacrificial anode material 
are applied to the respective Surfaces of the core material. 
Before the hot clad rolling process, each of the composite 
materials has a thickness falling within a range of about 
250-about 800 mm, preferably, a range of about 300-about 
600 mm. 
0056. After the combining process, each of the composite 
materials is Subjected to the heating process. In the heating 
process, each of the composite materials is held at a heating 
temperature falling within a range of about 400-about 50° C. 
over a time period falling within a range of 0- about 10 hrs. 
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Accordingly, it is possible to Suppress excess separation of 
intermetallic compounds during the heating process. When 
the heating temperature is less than about 40°C., since each 
of the composite materials has a large resistance to deforma 
tion during the following hot clad rolling process, there may 
be a case where it is difficult to carry out the hot clad rolling 
process. On the other hand, when the heating temperature 
exceeds about 50° C. and/or when the heating/holding time 
exceeds 10 hrs, the intermetallic compounds are excessively 
separated so that it is impossible to ultimately obtain a Suit 
able distribution of the intermetallic compounds. Thus, there 
may be a case where the heating/holding time is Zero, as stated 
hereinafter. Therefore, as conditions for the heating process 
prior to the hot clad rolling process, the heating temperature 
of about 400-about 50° C. and the heating/holding time of 
0-10hrs are selected. As preferable conditions for the heating 
process, the heating temperature of about 400-about 48°C. 
and the heating/holding time of about 2-about 5 hrs are 
selected. 

0057. In the heating process, in order to obtain a desirable 
distribution of separated products, the heating time should be 
set as short as possible. Thus, when each of the composite 
materials attains a temperature falling within the range of 
about 400-about 50° C., it may be immediately subjected to 
the following hot clad rolling process without being held at 
the attained temperature. In this case, the heating/holding 
time is defined as Zero. Nevertheless, when each of the com 
posite materials as a whole is not uniformly heated, since a 
defective clad pressure-joining may be caused during the hot 
clad rolling process, it is preferable to set a heating/holding 
time falling within the range of about 2-about 5 hrs. 
0.058 After the heating process, each of the composite 
materials is immediately subjected to the hot clad rolling 
process. Before the temperature of the composite material 
substantially falls to a temperature of less than about 40°C., 
the hot clad rolling process is started. During the hot clad 
rolling process, since a separation of the intermetallic com 
pounds is facilitated due to influence of strain exerted on the 
composite material, it is very significant that the hot clad 
rolling process is finished at a short time. 
0059 A time period, which is counted from a start of the 
hot clad rolling process to which each of the composite mate 
rials is subjected, and which is taken to reduce an initial 
thickness of the composite materials falling within the range 
of 250-800 mm by 50 mm, is defined as a step in which either 
the core material and the filler material(s) or the core material, 
the filler material and the sacrificial anode material are pres 
Sure-joined to each other to thereby produce a clad material. 
A control is carried out so that the time period of the aforesaid 
step is at most 5 min, and a control is carried out so that a 
temperature of the clad materials falls within the range of 
about 400-about 45° C. Thus, it is possible to suppress an 
excess separation of the intermetallic compounds in the core 
material. 

0060. When the time period, which is counted from the 
rolling start, and which is taken to reduce the thickness of the 
clad material by 50 mm, exceeds 5 min, and/or when the 
temperature of the clad material exceeds 450 C at the time 
when the thickness of the clad material is reduced by 50 mm. 
the intermetallic compounds are excessively separated in the 
core material. Also, as stated above, although the heating 
temperature in the heating process must be at least 400 C, the 
temperature of the clad material must not be less than 400 C 
at the time when the thickness of the clad material is reduced 
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by 50 mm. Thus, the time period, which is counted from the 
start of the hot clad rolling process, and which is taken to 
reduce the thickness of the clad material by 50 mm, is regu 
lated so as to beat most 5 min, and the temperature of the clad 
material is regulated so as to fall within the range of about 
400-about 45° C. at the time when the thickness of the clad 
material is reduced by 50 mm. 
0061 Further, a time period between the time when the 
thickness of the clad material is reduced by 50 mm so that the 
respective materials of the clad material are sufficiently pres 
sure-joined to each other and a time when the thickness of the 
clad material is reduced to 20 mm is defined as a step in which 
a temperature of the clad material is relatively high, and in 
which an amount of strain exerted on the clad material is very 
large. Thus, a time period which is taken to carry out this step 
is regulated so as to be at most 10 min, and the temperature of 
the clad material is regulated so as to fall within a range of 
about 300-about 40° C. at the time when the thickness of the 
clad material is reduced to 20 mm, so that it is possible to 
Suppress the excessive separation of the intermetallic com 
pounds in the core material. 
0062. When the time period, which is counted from the 
time when the thickness of the clad material is reduced by 50 
mm to the time when the thickness of the clad material is 
reduced to 20 mm, exceeds 10 min, and/or when the tempera 
ture of the clad material exceeds 400 C at the time when the 
thickness of the clad material is reduced to 20 mm, the inter 
metallic compounds are excessively separated in the core 
material. Also, as stated above, although the heating tempera 
ture in the heating process must be at least 400C, it is difficult 
to set the temperature of the clad material at less than 300 Cat 
the time when the thickness of the clad material is reduced to 
20 mm. Thus, the time period, which is counted from the time 
when the thickness of the clad material is reduced by 50 mm 
to the time when the thickness of the clad material is reduced 
to 20 mm during the hot clad rolling process, is regulated so 
as to be at most 10 min, and the temperature of the clad 
material is regulated so as to fall within the range of about 
300-about 40°C. at the time when the thickness of the clad is 
reduced to 20 mm. 

0063. After the thickness of the clad material is reduced to 
20 mm, since the temperature of the clad material becomes 
low, progress of the separation of the intermetallic com 
pounds is made difficult. Accordingly, after this time point, 
although the hot clad rolling process is not especially Sub 
jected to temporal limitations, a time period, which is counted 
from the rolling start to the rolling end in the hot clad rolling 
process, should be regulated so as to be at most 40 min. When 
this time period exceeds 40 min, the intermetallic compounds 
are excessively separated so that it is extremely difficult to 
ultimately obtain a suitable distribution of the intermetallic 
compounds. Preferably, the time period, which is counted 
from the rolling start to the rolling end in the hot clad rolling 
process is at most 35 min. 
0064. As stated above, when the time period for each of the 
steps of the hot clad rolling process, the temperature in each 
of the steps, and/or the total time period for all the steps fall 
out of the aforesaid respective ranges, it is difficult to obtain 
a suitable distribution of the intermetallic compounds. In 
order to Suppress the separation of the intermetallic com 
pounds after the clad material is wound up into a coil at the 
end of the hot clad rolling process, it is preferable to set a final 
temperature of the hot clad rolling process at most 250 C. 
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0065. As stated above, although a specific means for con 
trolling the time period for each of the steps of the hot clad 
rolling process, the temperature in each of the steps, and the 
total time period for the steps fall within the aforesaid respec 
tive ranges is not especially limited, for example, it is possible 
to use a feedback means for controlling the rolling rate, the 
rolling reduction, the amount of rolling oil and so forth so that 
these parameters fall within the respective ranges. 
0.066 Note, in general, in a method of manufacturing a 
brazing sheet, although a core material is subjected to a 
homogenization process after a casting process, in the present 
invention, it is preferable to omit the homogenization process 
for the core material in view of the suppression of the sepa 
ration of the intermetallic compounds. 
0067. After the hot clad rolling process, although the clad 
material is subjected to a cold rolling process, it may be once 
or twice Subjected to an intermediate annealing process until 
a final thickness is given to the clad material. It is possible to 
carry out the intermediate annealing process at a temperature 
of about 150-about 55° C. After the final intermediate anneal 
ing process is carried out, a rolling reduction rate, at which the 
clad material is rolled to a final thickness, ordinarily falls 
within a range of about 10-about 80%. Usually, the final 
thickness of the clad material falls within a range of about 
0.1-about 0.6 mm. After the clad material is rolled by the cold 
rolling process to the final thickness, it may be subjected to a 
finishing annealing process for improving a formability of the 
clad material. It is preferable to carry out the finishing anneal 
ing process at a temperature falling within the range of about 
150-about 55° C. 

0068 Although the thickness of the aluminum alloy braz 
ing sheet according to the present invention and clad rates of 
the brazing and sacrificial anode materials are not especially 
limited, a thin brazing sheet having a thickness of at most 0.6 
mm may be produced when it is used as a tube member for an 
automobile heat exchanger. Nevertheless, the thickness of the 
brazing sheet is not limited within this range, and a relatively 
thick brazing sheet having a thickness falling within a range 
of about 0.6-about 5.0 mm may be used. Ordinarily, a clad 
rate, at which either the filler material ply or the sacrificial 
anode material ply is cladded on one surface of the core 
material, falls within a range of about 3-about 20%. 

EXAMPLES 

0069. Although the present invention will be further 
explained in detail based on examples of the present invention 
and comparative examples below, the present invention can 
not be limited to these examples. 
0070 Core material alloys composed of components as 
shown in Table 1, filler material alloys composed of compo 
nents as shown in Table 2, and sacrificial anode material 
alloys composed of components as shown in Table 3 were cast 
by using a DC casting process, and then each of the castalloys 
was machined and finished so that both surfaces thereof were 
shaved. A right side value of the formula (1) representing the 
relationship between the casting speed and the amount of 
cooling water, which was set when each of the core material 
alloys was cast, is shown in Table 4. Note that each of the core 
material alloys was subjected to no homogenization process. 



US 2012/0129003 A1 May 24, 2012 
8 

TABLE 1 

Alloy Allow Composition (mass % 

Ref. No. Si Fe Cu Mn Mg T Zr Cir V Al 

Examples of A1 O.S O.4 OS - O.OS O.05 - — Balance 
Invention A2 O.S O.6 O.S O.S. O.OS O.OS — Balance 

A3 1.O O.8 1.0 5 O.OS - — Balance 
A4 O.OS 1.0 O.S - O.O5 O.OS Balance 
AS O.S. O.OS O.OS 1. — 0.30 — — Balance 
A6 OS 0.2 0.5 0.6 - — 0.30 — — Balance 
A7 1.2 O.2 O.S .8 — — Balance 
A8 O.S O.2 1.2 — Balance 

Comparative A9 1.4 O.2 O.2 — Balance 
Examples A10 O.S O.2 0.7 O.6 — 0.15 — — Balance 

A11 O.8 12 O.S 5 - 0.15 0.15 - — Balance 
A12 O.8 O.2 O.S .5 – 0.40 0.40 0.40 0.40 Balance 
A13 O.8 0.6 OS 2.0 - — Balance 
A14 O.8 O.6 1.4 — Balance 
A15 O5 0.4 OS 04 - 0.05 O.05 - — Balance 
A16 O5 0.4 OO1 1. - O.OS O.05 - — Balance 
A17 O.O1 O.4 O2 - O.OS O.05 - — Balance 

TABLE 2 TABLE 4 

Alloy Alloy Composition (mass % Amount of 
Cooling 

References Si Fe Zn Al Casting Water W. Right 
Speed V (kg/min x Walue Of 

Examples of B1 1O.O 0.4 — Balance (mm/min) cm) Formula (1) 
Invention B2 2.5 0.05 — Balance 

B3 3.5 O.1 — Balance Examples of D1 50 6 26 
B4 7.0 O.2 — Balance invention D2 55 4 26 
B5 12.O O6 — Balance D3 60 2 26 
B6 3.5 O.8 0.3 Balance D4 65 1 27 
B7 7.0 1.O 2.0 Balance D5 8O 2 34 
B8 1O.O O.2 5.5 Balance D6 100 1 41 

Comparative B9 1O.O O.2 6.0 Balance Comparative D7 50 4 24 
Examples B10 1O.O O.2 0.2 Balance Examples D8 55 2 24 

B11 2.0 O.2 — Balance D9 58 1 24.2 
B12 14.O O.2 — Balance 
B13 1O.O 1.2 — Balance 

0071. With using of the aforesaid alloys, each of the core 
material alloys was combined with a filler material alloy 

TABLE 3 

Alloy Alloy Composition (mass % 

References Zn Si Fe Mn Mg Ti Zr Cir V Al 

Examples of C1 40 O2 O.2 — Balance 
Invention C2 O5 O.OS O.OS - O.15 - — Balance 

C3 S.O. O.4 O.4 0.05 — — — 0.15 Balance 
C4 6.O 0.6 0.6 1.5 — — — Balance 
C5 4.0 1.2 O.2 — Balance 
C6 4.O 15 O2 - O.OS O.O5 O.OS O.OS Balance 
C7 40 O2 1.5 — Balance 
C8 4.O O.2 2.0 — — 0.3 — Balance 
C9 40 O2 (0.2 1.8 — — 0.3 — Balance 
C10 40 O2 (0.2 — 0.5 — — 0.3 — Balance 
C11 40 O2 (0.2 — 2.0 — — 0.3 Balance 
C12 40 O2 (0.2 — 3.0 — — Balance 

Comparative C13 4.O 1.7 O.2 — Balance 
Examples C14 40 O2 2.2 — Balance 

C15 40 O2 (0.2 2.0 — 4.0 4.0 4.0 4.0 Balance 
C16 O3 O.2 O.2 — Balance 
C17 6.5 O.2 O.2 — Balance 
C18 40 O2 (0.2 — 3.5 — — Balance 
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shown in Table 2, so that the filler material alloy concerned 
was applied as a cladding 1 to one surface of the core material TABLE 6-continued 
alloy, and/or so that the filler material alloy shown in Table 2 
or a sacrificial anode material alloy shown in Table 3 was Core Clad- Clad- Production Produc 
applied as a cladding 2 to the other Surface of the core material No. Material ding 1 ding 2 Process tivity 
alloy, whereby a variety of composite materials was pro 

25 A1 B12 C1 D5 E1 C3 
duced. Note, among the composite materials, there were 26 A1 B13 C1 D5 E1 C3 
2-ply composite materials including O cladding 2. Each of 27 A1 B1 C13 D5 E1 C3 
the composite materials was Subjected to a heating process 28 A1 B1 C14 DS E1 X 
and a hot clad rolling process, to thereby produce a 2-ply or 29 A1 B1 C15 D5 E1 X 
3-ply clad material having a thickness of 3.5 mm. The con- 30 A1 B1 C16 D5 E1 C3 
ditions of the heating and hot clad rolling processes are shown 31 A1 B1 C17 D5 E1 C3 
in Table 5. Also, the combinations of the core material alloys, 32 A1 B1 C18 D5 E1 X 
the claddings 1 and the claddings 2 are shown in Tables 6 and 
7. 

TABLE 5 

Hot Clad Rolling Process 

Reduction Of Reduction Of To End Of 
Thickness Thickness Hot Rokking 

Heating Process By 50 mm To 20 mm Process 

Time Time Attained Time Attained Time 
Period Temperature Period Temperature Period Temperature Period 

(h) (° C.) (min) ( ) (min) ( ) (min) 

Examples Of E1 5 480 2 430 7 360 23 
Invention E2 5 480 5 420 7 340 33 

E3 5 480 2 430 10 340 33 
EA 8 500 2 450 5 380 21 
E5 1 410 2 400 5 300 2O 

Comparative E6 15 480 2 430 7 360 23 
Examples E7 5 520 2 430 7 360 23 

E8 5 480 10 430 7 360 23 
E9 5 480 2 470 7 360 23 
E10 5 480 2 430 15 360 23 
E11 5 480 2 430 7 420 23 
E12 5 480 2 430 7 360 45 
E13 5 380 

TABLE 6 TABLE 7 

Core Clad- Clad- Production Produc- Core Clad- Clad- Production Produc 
No. Material ding 1 ding 2 Process tivity No. Material ding 1 ding2 Process tivity 

Examples Of 1 A1 B1 C1 D5 E C3 Examples Of 33 A B1 B D1 E1 C3 
Invention 2 A2 B2 C2 D5 E C3 Invention 34 A B2 B D2 E1 C3 

3 A3 B3 C3 D5 E C3 3S A B3 B D3 E1 C3 
4 A4 B4 C4 D5 E C3 36 A B4 B D4 E1 C3 
S AS B5 C5 D5 E C3 37 A B5 B D5 E C3 
6 A6 B6 C6 D5 E C3 38. A B6 B D6 E C3 
7 A7 B7 C7 D5 E C3 39 A B7 B D5 E C3 
8 A8 B8 C8 D5 E C3 40 A B8 None D5 E2 C3 
9 A B C9 D5 E C3 41 A B None D5 E C3 
10 A B C10 D5 E C3 42 A B None DS E4 C3 
11 A B C11 D5 E C3 43 A B None D5 E C3 
12 A B C12 D5 E C3 Comparative 44 A B C D7 E C3 

Comparative 13 A9 B C1 D5 E C3 Examples 45 A B C D8 E C3 
Examples 14 A10 B C1 D5 E C3 46 A B C D9 E C3 

15 A11 B C1 D5 E C3 47 A B C D4 E C3 
16 A12 B C1 D5 E X 48. A B C D4 E C3 
17 A13 B C1 D5 E X 49 A B C D4 E C3 
18 A14 B C1 D5 E X SO A B C D4 E C3 
19 A15 B C1 D5 E C3 51. A B C D4 E10 C3 
20 A16 B C1 D5 E C3 52 A B C D4 E11 C3 
21 A17 B C1 D5 E C3 S3 A B C D4 E12 C3 
22 A B9 C1 D5 E C3 54 A B C D4 E13 X 
23 A B10 C1 D5 E C3 SS A B None D7 E C3 
24 A B11 C1 D5 E C3 56 A B None D8 E C3 
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TABLE 7-continued 

Core Clad- Clad- Production Produc 
No. Material ding 1 ding2 Process tivity 

S7 A1 B1 None D9 E1 C3 
58 A1 B1 None D4 E6 C3 
S9 A1 B1 None D4 E7 C3 
60 A1 B1 None D4 E8 C3 
61 A1 B1 B1 D4 E9 C3 
62 A1 B1 B1 D4 E10 C3 
63 A1 B1 B1 D4 E11 C3 
64 A1 B1 B1 D4 E12 C3 
65 A1 B1 B1 D4 E13 X 

0072 Each of the aforesaid clad materials was subjected 
to an intermediate annealing process at a temperature of 400 
Cover a time period of 5 hrs, and is then subjected to a final 
cold rolling process to thereby produce a brazing sheet 

Area Percentage 
Of Intermetallic 

Compounds 
No. (%) 

Examples Of 1 3.5 
Invention 2 3.5 

3 3.2 

4 3.8 

5 3.2 

6 2.6 

7 4.1 

8 3.2 

9 3.4 

10 3.6 

11 3.3 

12 3.6 

Comparative 13 3.8 

Examples 14 3.9 

15 3.9 

16 

17 

18 

19 2.7 

2O 3.1 

21 3.1 

22 3.5 

23 3.4 

24 3.5 

25 3.5 

26 3.2 

27 3.6 

28 

29 

30 3.1 

31 3.3 

32 
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sample exhibiting an H1n refining and having a thickness of 
0.5 mm. A cold rolling reduction rate, at which each of the 
clad materials was rolled after the intermediate annealing 
process, was 40%. When each of the clad materials could be 
rolled to the final thickness of 0.5mmunderconditions shown 
in Tables 4 and 5 by a production process shown in Tables 6 
and 7 without occurrence of any troubles, a productivity was 
estimated as “O'” in Tables 6 and 7. When a sacrificial anode 
material of a clad material was excessively extended and/or 
when a sacrificial anode material could not sufficiently pres 
Sure-joined to a core material, a productivity was estimated as 
“X” in Tables 6 and 7. 
0073. Each of the aforesaid brazing sheet samples was 
estimated in a variety of manners as Stated hereinafter. The 
results are shown in Tables 8 and 9. Note, since a brazing sheet 
sample could not produced from each of the clad materials 
estimated as 'X', it was impossible to carry out the estima 
tions on these clad materials. 

TABLE 8 

Mn Solid Solution 

Amount In Core Tensile Strength Corrosion Depth 

Material After After Brazing Brazing Brazing Sacrificial 
Brazing (mass %) (MPa) Property Material Anode material 

O.32 79(o) C3 C3 

O.33 97 (o) C3 C3 

O.38 82(o) C3 C3 

O41 78(o) C3 C3 

O.31 73(o) C3 C3 

O.23 65 (o) C3 C3 C3 

O45 89(o) C3 C3 C3 

O.35 93(o) C3 C3 C3 

O.32 80(o) C3 C3 

O.33 80(o) C3 C3 

O.30 89(o) C3 C3 

O.30 88(o) C3 C3 

O.28 86(o) X C3 

O.32 96(o) X C3 

O.33 77(o) X C3 

O.18 32(x) C3 C3 

O40 29(x) C3 C3 

O.32 35(x) C3 C3 

O.31 76(o) C3 X C3 

O.30 78(o) C3 X C3 

O.32 78(o) X C3 

O.30 81 (o) X C3 

O.34 79(o) X C3 

O.31 79(o) C3 X 

O.32 78(o) C3 X 

O.33 76(o) C3 X 
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TABLE 9 

Area Percentage Mn Solid Solution 
Of Intermetallic Amount In Core Tensile Strength 

Compounds Material After After Brazing 
No. (%) Brazing (mass %) (MPa) 

Examples Of 33 4.1 O.28 72(o) 
Invention 34 4.2 O.30 73(o) 

35 4.0 0.27 78(o) 
36 3.9 O.30 81 (o) 
37 2.7 O41 83(o) 
38 1.8 O49 85(o) 
39 4.0 O.24 72(o) 
40 4.1 O.25 72(o) 
41 4.3 O.23 73(o) 
42 4.1 O.23 73(o) 
43 2.5 O.2O 88(o) 

Comparative 44 6.2 O.15 30(x) 
Examples 45 6.3 O.12 35(x) 

46 5.9 O.18 32(x) 
47 5.8 O.17 40(x) 
48 5.9 O16 41(x) 
49 6.O O.12 31(x) 
50 5.5 O.15 30(x) 
51 5.3 O.18 35(x) 
52 5.9 O.11 33(x) 
53 6.O O.12 30(x) 
S4 
55 6.1 O.13 33(x) 
56 6.3 O.14 38(x) 
57 5.8 O.19 34(x) 
58 5.9 O16 42(x) 
59 5.9 O16 44(x) 
60 6.1 O.12 35(x) 
61 5.7 O.12 33(x) 
62 5.2 O.17 38(x) 
63 5.7 O.11 37(x) 
64 5.9 O.12 33(x) 
65 

(Measurement of Area Percentage of Intermetallic Com 
pounds) 

0074. In each of the brazing sheet samples, an L-ST face of 
the core material was exposed by a polishing process, and was 
observed by a scanning transmission electron microscope 
(STEM) for a measurement of an area percentage of the 
intermetallic compounds. In particular, in the observed por 
tion, a film thickness of the core material was measured, using 
an electron energy-loss spectroscopy (EELS), and only areas 
having the film thickness falling within a range of 0.1-0.15m 
were observed by the STEM. In each of the brazing sheet 
samples, ten view fields were selected and observed at a 
10,000-power. Then, by subjecting each of the STEM photo 
graphs of the view fields to an image analysis, an area per 
centage of the intermetallic compounds having a size falling 
within a range of 0.2-0.5 m was measured. 
(Measurement of Mn Solid Solution Amount in Core Mate 
rial after Brazing) 
0075 Each of the brazing sheet samples was subjected to 
a thermal processing (corresponding to a heating process for 
brazing) at a temperature of 600C over a time period of 3 min, 
and was then Subjected to a caustic etching process So that the 
cladding(s) was removed. Thereafter, the core material was 
resolved in a phenol solution, and the un-resolvable interme 
tallic compounds were filtered out of the solution. Then, the 
intermetallic compounds were Subjected to a measuring pro 

11 
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Corrosion Depth 

Brazing Brazing Sacrificial 
Property Material Anode Material 

cess using an optical emission spectrometer, so that the Mn 
Solid solution amount was measured. 

(Measurement of Tensile Strength after Brazing) 
0076 Each of the brazing sheet samples was subjected to 
a thermal processing (corresponding to a heating process for 
brazing) at a temperature of 600C over a time period of 3 min, 
and was then subjected to a tensile test under the conditions of 
a tensile speed of 10 mm/min and a gage length of 50 mm in 
accordance with the JIS Z2241 method, to thereby obtain a 
stress-strain characteristic curve. Thereafter, a tensile 
strength of the tested sample was read from the stress-strain 
characteristic curve. When the sample had a tensile strength 
of at least 150 MPa, it was estimated as being acceptable (O). 
When the sample had a tensile strength of less than 150 MPa, 
it was estimated as being unacceptable (X). 

(Evaluation of Brazing Property) 

0077 JIS 3003 alloy was corrugated and shaped into a fin, 
and was applied to the filler material surface of each of the 
brazing sheet samples. Then, the sample was immersed in an 
aqueous solution containing 5% fluoride flux, and was Sub 
jected to a heating process for brazing at a temperature of 600 
Cover a time period of 3 min. In this core sample, when a fin 
joining rate was at least 95%, and when no melting occurred 
in the sample, a brazing property was evaluated as being 
acceptable (O). When a fin joining rate was less than 95%, 
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and when a melting occurred in the sample, a brazing prop 
erty was evaluated as being unacceptable (X). 

(Measurement of Depth of Corrosion) 

0078. After each of the brazing sheet samples was sub 
jected to a thermal processing (corresponding to a heating 
process for brazing) at a temperature of 600 C over a time 
period of 3 min, it was cut into sample pieces having a size of 
50 mmx50mm. In each of the sample pieces, a rear surface, 
which was defined as a Surface opposite to a test Surface of the 
sample piece, was masked with a resin. Note, when the 
sample piece had the filler material containing Zn, the test 
surface was defined as the surface of the filler material, and, 
when the sample piece had the cladded sacrificial anode 
material, the test surface was defined as the surface of the 
sacrificial anode material. Also, note, in the sample pieces, in 
which a test surface could not be defined as stated above, an 
evaluation of corrosion resistance was not carried out. When 
the test surface was defined as the surface of the filler mate 
rial, the test piece concerned was subjected to an SWAAT test 
based on ASTM-G85 over a time period of 500 hrs. When 
corrosive pierces do not occur in the test piece, it was evalu 
ated as being acceptable (O). When corrosive pierces occur 
in the test piece, it was evaluated as being unacceptable (X) 
When the test surface was defined as the surface of the sac 
rificial anode material, the test piece concerned was subjected 
to a 3-month cycle immersion test, in one cycle of which the 
test piece was immersed in an 88 Chot water containing Cl 
500ppm, SO 100 ppm and Cu" 10 ppm over a time period 
of 8 hrs, and was then left at a room temperature over a time 
period of 16 hrs. When corrosive pierces do not occur in the 
test piece, it was evaluated as being acceptable (O). When 
corrosive pierces occur in the test piece, it was evaluated as 
being unacceptable (X). 
0079. Each of Examples 1 to 12 and 33 to 43 of the present 
invention satisfied the requirements regulated by the present 
invention, and all of the productivity, the area percentage of 
the intermetallic compounds, the Mn Solid solution amount 
after the brazing, the tensile strength after the brazing, the 
brazing property and the corrosion depth were evaluated as 
being acceptable. Note that each of Examples 6 to 8 and 38 to 
40 had the filler material containing Zn was especially Supe 
rior concerning the corrosion depth. 
0080. In Comparative Example 13, the core material was 
melted during the brazing process due to the fact that the Si 
component of the core material was too large, and thus the 
brazing property was evaluated as being unacceptable. 
0081. In Comparative Example 14, the core material was 
not sufficiently joined to the fin due to the fact that the Mg 
component of the core material was too large, and thus the 
brazing property was evaluated as being unacceptable. 
0082 In Comparative Example 15, the core material was 
eroded by the filler material due to the fact that the Fe com 
ponent of the core material was too large, and thus the brazing 
property was evaluated as being unacceptable. 
0083. In Comparative Example 16, the crack occurred in 
the clad material during the rolling process due to the fact that 
the Ti, Cr, Zr and V components of the core material was too 
large, and thus no brazing sheet was manufactured. 
0084. In Comparative Example 17, the crack occurred in 
the clad material during the rolling process due to the fact that 
the Min component of the core material was too large, and thus 
no brazing sheet was manufactured. 
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I0085. In Comparative Example 18, the crack occurred in 
the core material during the casting process due to the fact that 
the Cu component of the core material was too large, and thus 
no brazing sheet was manufactured. 
I0086. In Comparative Example 19, the Mn solid solution 
amount after the brazing was too small due to the fact that the 
Mn component of the core material was too small. As a result, 
the tensile strength after the brazing was evaluated as being 
unacceptable. 
I0087. In Comparative Example 20, the tensile strength 
after the brazing was evaluated as being unacceptable due to 
the fact that the Cu component of the core material was too 
Small. 
I0088. In Comparative Example 21, the tensile strength 
after the brazing was evaluated as being unacceptable due to 
the fact that the Si component of the core material was too 
Small. 
I0089. In Comparative Example 22, the corrosion resis 
tance was evaluated as being unacceptable due to the fact that 
the Zn component of the filler material was too large. 
0090. In Comparative Example 23, the corrosion resis 
tance was evaluated as being unacceptable due to the fact that 
the Zn component of the filler material was too small. 
0091. In Comparative Example 24, the core material was 
not sufficiently joined to the fin due to the fact that the Si 
component of the filler material was too small, and thus the 
brazing property was evaluated as being unacceptable. 
0092. In Comparative Example 25, the fin was melted due 
to the fact that the Sicomponent of the filler material was too 
large, and thus the brazing property was evaluated as being 
unacceptable. 
0093. In Comparative Example 26, the filler material was 
not sufficiently joined to the fin due to the fact that the Fe 
component of the filler material was too large, and thus the 
brazing property was evaluated as being unacceptable. 
0094. In Comparative Example 27, the corrosion resis 
tance was evaluated as being unacceptable due to the fact that 
the Si component of the core material was too large. 
0095. In Comparative Example 28, the crack occurred in 
the clad material during the rolling process due to the fact that 
the Fe component of the sacrificial anode material was too 
large, and thus no brazing sheet was manufactured. 
0096. In Comparative Example 29, the crack occurred in 
the clad material during the rolling process due to the fact that 
the Mn, Cr, Zr, Ti and V components of the sacrificial anode 
material was too large, and thus no brazing sheet was manu 
factured. 
0097. In Comparative Example 30, the corrosion resis 
tance was evaluated as being unacceptable due to the fact that 
the Zn component of the sacrificial anode material was too 
Small. 
0098. In Comparative Example 31, the corrosion resis 
tance was evaluated as being unacceptable due to the fact that 
the Zn component of the sacrificial anode material was too 
large. 
0099. In Comparative Example 32, the core material and 
the sacrificial anode material was not pressure-joined during 
the hot rolling process due to the fact that the Mg component 
of the sacrificial anode material was too large, and thus no 
brazing sheet was manufactured. 
0100. In each of Comparative Examples 44 to 46 and 55 to 
47, the area percentage of the intermetallic compounds was 
too large and the Mn Solid solution amount in the core mate 
rial after the brazing was too small due to the fact that the right 
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value of the formula (1) for the core material casting condi 
tions was too small. As a result, the tensile strength after the 
brazing was evaluated as being unacceptable. 
0101. In each of Comparative Examples 47 and 58, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the heating/holding 
time in the heating process was too long. As a result, the 
tensile strength after the brazing was evaluated as being unac 
ceptable. 
0102. In each of Comparative Examples 48 and 59, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the heating tem 
perature was too high. As a result, the tensile strength after the 
brazing was evaluated as being unacceptable. 
0103) In each of Comparative Examples 49 and 60, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the time period, 
during which the composite material was reduced by 50 mm 
in the hot clad rolling process, was too long. As a result, the 
tensile strength after the brazing was evaluated as being unac 
ceptable. 
0104. In each of Comparative Examples 50 and 61, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the temperature of 
the brazing sheet at the time when the thickness of the com 
posite material was reduced by 50 mm in the hot clad rolling 
process was too high. As a result, the tensile strength after the 
brazing was evaluated as being unacceptable. 
0105. In each of Comparative Examples 51 and 62, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the time period, 
which was counted from the time when the thickness of the 
composite material was reduced by 50 mm to the time when 
the thickness of the composite material was reduced to 20mm 
in the hot clad rolling process, was too long. As a result, the 
tensile strength after the brazing was evaluated as being unac 
ceptable. 
0106. In each of Comparative Examples 52 and 63, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the temperature of 
the brazing sheet at the time when the thickness of the com 
posite material was reduced to 20 mm in the hot clad rolling 
process was too high. As a result, the tensile strength after the 
brazing was evaluated as being unacceptable. 
0107. In each of Comparative Examples 53 and 64, the 
area percentage of the intermetallic compounds was too large 
and the Mnsolid solution amount in the core material after the 
brazing was too small due to the fact that the time period, 
during which the hot clad rolling process was carried out, was 
too long. As a result, the tensile strength after the brazing was 
evaluated as being unacceptable. 
0108. In each of Comparative Examples 54 and 65, the 
pressure-joining of the composite material could not suffi 
ciently carried out during the hot clad rolling process due to 
the fact that the heating temperature in the heating process 
was too low, and thus no brazing sheet was manufactured. 

INDUSTRIAL APPLICABILITY 

0109 The aluminum alloy brazing sheet according to the 
present invention exhibits a high strength after brazing, and 
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features not only Superior brazing properties such as a fin 
joining rate, an erosion resistance and so forth, but also a 
Superior corrosion resistance. Especially, the aluminum alloy 
brazing sheet can be suitably utilized as a tube member in a 
heat exchanger for an automobile due to a lightweight nature 
and a high thermal conductivity thereof. 

1. A high strength aluminum alloy brazing sheet compris 
1ng: 

a core material composed of an aluminum alloy; and 
a filler material cladded on at least one surface of said core 

material and composed of an Al/Si-based alloy, 
wherein said core material is the aluminum alloy which 

contains Sifalling within a range of about 0.05-about 1.2 
mass %, Fe falling a range of about 0.05-about 1.0 mass 
%, Cu falling within a range of about 0.05-about 1.2 
mass %, and Mn falling within a range of about 0.6- 
about 1.8 mass %, and which is composed of the balance 
Al and the inevitable impurities: 

wherein said filler material is the aluminum alloy which 
contains Sifalling within a range of about 2.5-about 13.0 
mass %, and Fe falling within a range of about 0.05 
about 1.0 mass %, and which is composed of the balance 
Al and the inevitable impurities: 

wherein an area percentage, at which an arbitrary cross 
section of said core material before a brazing process is 
occupied with intermetallic compounds having a size 
falling within a range of about 0.2-about 0.5 m, is at most 
5%; and 

wherein a solid solution amount of Mn is at least 0.2 mass 
% in said core material after the brazing process. 

2. A high strength aluminum alloy brazing sheet as set forth 
in claim 1, wherein said core material further contains at least 
one element selected from the group consisting of Mg falling 
within a range of about 0.05-about 0.5 mass %, Ti falling 
within a range of about 0.05-about 0.3 mass %, Zir falling 
within a range of about 0.05-about 0.3 mass %, Cr falling 
within a range of about 0.05-about 0.3 mass %, and V falling 
within a range of about 0.05-about 0.3 mass %, in addition to 
the aforesaid elements. 

3. A high strength aluminum alloy brazing sheet as set forth 
in claim 1, wherein said filler material cladded to the afore 
said one surface of said core material further contains Zn 
falling within a range of about 0.3-about 5.5 mass %, in 
addition to the aforesaid elements. 

4. A high strength aluminum alloy brazing sheet compris 
1ng: 

a core material composed of an aluminum alloy; 
a filler material cladded on one surface of said core material 

and composed of an Al/Si-based alloy; and 
a sacrificial anode material cladded on another surface of 

said core material and composed of an aluminum alloy, 
wherein said core material is the aluminum alloy which 

contains Sifalling within a range of about 0.05-about 1.2 
mass %, Fe falling a range of about 0.05-about 1.0 mass 
%, Cu falling within a range of about 0.05-about 1.2 
mass %, and Mn falling within a range of about 0.6- 
about 1.8 mass %, and which is composed of the balance 
Al and the inevitable impurities: 

wherein said filler material is the aluminum alloy which 
contains Sifalling within a range of about 2.5-about 13.0 
mass %, and Fe falling within a range of about 0.05 
about 1.0 mass %, and which is composed of the balance 
Al and the inevitable impurities: 
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wherein said sacrificial anode material is the aluminum 
alloy which contains Zn falling within a range of about 
0.5-about 6.0 mass %, Sifalling within a range of about 
0.05-about 1.5 mass %, and Fe falling within a range of 
about 0.05-about 2.0 mass %, and which is composed of 
the balance Al and the inevitable impurities: 

wherein an area percentage, at which an arbitrary cross 
section of said core material before a brazing process is 
occupied with intermetallic compounds having a size 
falling within a range of 0.2-0.5 m, is at most 5%; and 

wherein a solid solution amount of Mn is at least 0.2 mass 
% in said core material after the brazing process. 

5. A high strength aluminum alloy brazing sheet as set forth 
in claim 4, wherein said core material further contains at least 
one element selected from the group consisting of Mg falling 
within a range of about 0.05-about 0.5 mass %, Ti falling 
within a range of about 0.05-about 0.3 mass %, Zir falling 
within a range of about 0.05-about 0.3 mass %, Cr falling 
within a range of about 0.05-about 0.3 mass %, and V falling 
within a range of about 0.05-about 0.3 mass %, in addition to 
the aforesaid elements. 

6. A high strength aluminum alloy brazing sheet as set forth 
in claim 4 wherein said filler material further contains Zn 
falling within a range of about 0.3-about 5.5 mass. 96, in 
addition to the aforesaid elements. 

7. A high strength aluminum alloy brazing sheet as set forth 
in claim 4, wherein said sacrificial anode material further 
contains at least one element selected from the group consist 
ing of Mnfalling within a range of about 0.05-about 1.8 mass 
%, Mg falling within a range of about 0.5-about 3.0 mass %, 
Tifalling within a range of about 0.05-about 0.3 mass %, Zr 
falling within a range of about 0.05-about 0.3 mass %, Cr 
falling within a range of about 0.05-about 0.3 mass %, and V 
falling within a range of about 0.05-about 0.3 mass %, in 
addition to the aforesaid elements. 

8. A method of manufacturing a high strength aluminum 
alloy brazing sheet as set forth in claim 1 comprising: 

casting processes for casting the aluminum alloys of said 
core material and said filler material, respectively; 

a combining process in which the cast core material is 
combined with the cast filler material so that the cast 
filler material is applied to at least one surface of the cast 
core material, to thereby produce a composite material; 

a heating process in which said composite material is 
heated and held after said combing process; and 

a hot clad rolling process in which said composite material 
is rolled after said heating process, 

wherein a casting speed V (mm/min) and an amount of 
cooling water W (kg/minxcm) satisfy the following for 
mula (1) in the casting process for said core material: 
25sO4x VW (1): 

wherein said composite material is held at a temperature 
within a range of about 400-about 50° C. over a time 
period within a range of 0- about 10 hrs during said 
heating process; 

wherein a time period, which is counted from a rolling 
start, and which is taken to reduce a thickness of said 
composite material by 50 mm, is at most 5 min in said 
hot clad rolling process; 
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wherein a temperature of said composite material falls 
within a range of about 400-about 45° C. at the time 
when the thickness of said composite material is reduced 
by 50 mm: 

wherein a time period, which is counted from the time 
when the thickness of said composite material is reduced 
by 50 mm, and which is taken to reduce the thickness of 
said composite material to 20 mm, is at most 10 min; 

wherein a temperature of said composite material falls 
within a range of about 300-about 40° C. at the time 
when the thickness of said composite material is reduced 
to 10 mm; and 

wherein a time period, which is counted from the rolling 
start to a rolling end, is at most 40 min. 

9. A method of manufacturing a high strength aluminum 
alloy brazing sheet as set forth in claim 4 comprising: 

casting processes for casting the aluminum alloys of said 
core material, said filler material and said sacrificial 
anode material, respectively; 

a combining process in which the cast core material is 
combined with the cast filler material and the cast sac 
rificial anode material so that the cast filler material is 
applied to at least one surface of the cast core material, 
and so that the cast sacrificial anode material to another 
Surface of the cast core material, to thereby produce a 
composite material; 

a heating process in which said composite material is 
heated and held after said combing process; and 

a hot clad rolling process in which said composite material 
is rolled after said heating process, 

wherein a casting speed V (mm/min) and an amount of 
cooling water W (kg/minxcm) satisfy the following for 
mula (1) in the casting process for said core material: 
25sO4x VW (1): 

wherein said composite material is held at a temperature 
falling within a range of 400-500 C over a time period 
falling within a range of 0-10 hrs during said heating 
process; 

wherein a time period, which is counted from a rolling 
start, and which is taken to reduce a thickness of said 
composite material by 50 mm, is at most 5 min in said 
hot clad rolling process; 

wherein a temperature of said composite material falls 
within a range of about 400-450 C at the time when the 
thickness of said composite material is reduced by 50 
mm, 

wherein a time period, which is counted from the time 
when the thickness of said composite material is reduced 
by 50 mm, and which is taken to reduce the thickness of 
said composite material to 20 mm, is at most 10 min; 

wherein a temperature of said composite material falls 
within a range of about 300-about 40° C. at the time 
when the thickness of said composite material is reduced 
to 10 mm; and 

wherein a time period, which is counted from the rolling 
start to a rolling end, is at most 40 min. 

c c c c c 


