ABSTRACT

“SANDWICH MATERIAL WITH HIGH STRENGTH AT HIGH TEMPERATURE
FOR THIN STRIPS IN HEAT EXCHANGERS”

The invention relates to a method for making a sandwich material for?fl‘}razing,
comprising the steps of: - providing a core layer of a first alloy that contams (by

wt. %): 0.5-2.0% Mn, < 1.0% Mg, < 0.2% Si, < 0.3% Ti, < 0.3% Cr, <03%Zr <
0.2% Cu, < 3% Zn, < 0.2% In, < 0.1% Sn and < 0.7% (Fe+Ni), the rest Al and
<0.05% of each of unavoidable contaminants; - providing a barrier laycf of é.
second alloy that contains (by wt. %): < 0.2% Mn+Cr, < 1.0% Mg, 1. 6-5% Si, <
0.3% Ti, < 0.2% Zr, < 0.2% Cu, < 3 % Zn, < 0.2% In, < 0.1 % Sn and < 1.5% |
(Fe+Ni), the rest Al and < 0.05% of each of unavoidable contaminants; - rolling
the layers together so that they adhere and form a sandwich material; - heat
treating the sandwich material at a predetermined temperature and fof a
predetermined time so that the Si-content is equalised to 0.4-1% in both core

layer and barrier layer; - rolling the sandwich material to a final thickness.



Patent claims
l t

1. A method fof, making a sandwich material for brazing, comprising the following
! I

steps of; .
- providing a core la)‘er of a first alqminium alloy that contains (by wt. %):
Mn: | 0.5-2.0%, preferably 0.8 - 1.8%, most preferably 1.0 - 1.7%
Mg: ‘ <£1.0%, pr.eferab;ly < 0.3%. most preferably < 0.05%
Sii |  <0.2% preferably < 0.1% Si '
Ti: i <0.3% '
Cr: © 2£0.3%, preferably < 0.2%
Zr: | £0.3%, preferably < 0.2%
Cu: < 0.2%, preferably <0.1%
Zn: . £3%
In: £0.2%
Sn: £01%
Fe+Ni:  <0.7%, preferably < 0.35%

the rest Al and s 0.05% of each of unavoidable contaminants: . '

- providing a barrier Iayér of a second aluminium alloy that contains (by wt. %):
Mn+Cr: £0.2% | ‘
‘ " 1 £ 1.0%, preferably < 0.3%, most preferably < 0.05%

Mg: P

Si: i 1.6 - 5%, preferably 2 - 4.5%
| Ti: S ?'5% preferabliy < 0.2%

zr: © '50.2% fy

Cu: ; < 0.2%, prédferably < 0.1%

Zn: ‘ £3% ‘

n: | =02% |

Sn: £0.1%

(Fe+Ni): s 1.5%, preferably < 0.7%. more preferably 0.1 - 0.35%
the rest Al and < 0.05% of each of unavoidable contaminants;
- rolling the layérs together so that they adhere and form a sandwich material;
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- heat treating the sandwich material at a predetermined temperature for a
predetermined time-so that the Si-content is equalised to 0.4-1% in both core
layer and barrier layer,

- rolling the sandwich material to the designed final ihickness.

A method ac ording t‘o claim 1 wherein the sandwich material, before heat

: treatment is also cold rolied unti! the sandwich material is 8% to 33% thicker than

the intended mél thackness, preferably 8% to 28% thicker than the intended final
thickness, m ‘st prefe]rably 8% to 16% thicker than the intended final thickness.

i | i :

A method accordmg to any one of dlaums 1 or 2 wherein the sandwich material

after heat treatment is cold rBlled to final thickness with a reduction degree of 8%
to 33%. prefezlably 8% to 28%, of the intended final thickness.

i

A method according to any one of claims 1 to 3 wherein the heat treatment is
done at a temperature between 350 °C and 550 °C. |

A method according o any one of claims 1 to 4 wherein the heat treatment is
done for a time of 1 — 24 hours.

i
A method according to any one of theé preceding claims comprising the step of
providing a core layer of the first aluminium alloy and two barrier layers of the
second alumirrium alloy, wherein the barrier layer is arranged on either side of the
|

[
\

core matenall G
[

. A method achrding to any one of the preceding claims wherein the barrier layer
_or layers cons'&itu}e the outermost layer of the sandwich material on the side of the

sandwich matéﬁal that is to be bra;ed' to another part.
|
A method acajarding to any one of the preceding claims wherein 0.4% < Cs*x/100
|
+ Ck*(100-x)/10
the rolling, and Cs is the silicon content in the barier layer before rolling, and x is
l

0 < 1.0%, where Ck is the silicon content in the core layer before
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| | | .
the thickness of the barrier layer, or in the case of two barrier layers the combined
thickness of the barrier layers, in % of the total thickness of the sandwich material

after being rolled together.
[ ' .
9. A method according to claim 8 wherein x is 7 ym or more.

10. A process for making a brazed product, comprising a method for making a
sandwich material according to any one of claims 1 to 9, and brazing of this
. ‘ [
sandwich material to another part. '
|

i |
11. A process $ccording to claim 10 wherein the barrier layer is allowed to

)

recrysiallise ' rfng the brazing so that it has a grain size having a length parallel
' to the rolling sprface of the sandwich material that is at least 50 ym. ,

l Sy : . ‘ : ,
12. A process accdrding to any one of claims 10 and 11 wherein the sandwich
material’s core layer has a nfzn-recrystallised or partly recrystallised structure after
| i i
- brazing. i

| ‘

} ! .

13. A process according to any one of claims 10 to 12 wherein the sandwich material
after brazing has a yield strength which is at least 60 MPa at room temperature.

|

14. A process according to any one of claims 10 to 13 wherein the sandwich material
|

after brazing has a fatigue strength higher than 35 MPa for one million loading
cycles with a tensile load of R=0.1 at 300 °C.

15.A sandwich material for brazing, made by the method according to any one of
‘ ' !

claims 1to 9.

! |
)

| |
Dated this the 2oth‘day of March 2012.

(ASHISH K. SHARMA)
of SUBRAMANIAM, NATARAJ & ASSOCIATES
‘ Attorneys of the Applicants
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Sandwich material with high strength at high temperature for thin sheets in heat
I ‘ ’ exchangers

: |
|

'
)

! f
The present mvennLn relates to a method of fabrication of a sandwich matenal intended '
for prazing, a process for fbbncatmg a brazed product, and an application for a brazed
product The invention aléo relates to a sandwnch material produced by the method and

a brazed product produced by the process.

1

!Background of thJ invention
Aluminium is an often used material for manufacture of products by brazing. Aluminium
can be alloyed by adding various alloying materials, such as Mn, Mg, Ti, Si, and the
strength of the aluminium alloy is affected by segregation of particles or by the alloying
materials forming a solid solution with aluminium.

Material for brazing of the above type can be given high strength after the brazing by
cold working it prior to the brazing, that is, rolling or stretching at temperlature below
200°°C, which increases the strength, and doing this in a way so that it does not lose the
si‘r'ength increase upon brazing. This means that the material is prevented from
recrystallising enturery during the heat treatment which brazing entails. Such a material,
furthermore, can be given high resistance to fatigue and creep when used at high _
temperature, up lo‘and including 300°°C. This high strength at high témperature is
‘ crea‘ted both by Iowering the driving force for recrystallisation by selecting a sufficiently
low degree of deformation during the cold wotklng and by increasing the retardmg force

|
by creatmg a suffi cuéntly large quantity of particles per umt of volume.
{ :
Material for brazing can be coated with a braze layer of an alloy with high silicon content.

1

In brazing, such material is placed in contact with another part and heated in a brazing
furnace. The high silicon content in the braze layer causes the braze Iayer to melt eLt
lower temperature than the underlying core layer, flow away due to capillary forces and
surface tension differences, and form brazed seams with the other part.
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Another variant of brazing material does not have any braze layer, but it is brazed to a
material with such a layer. For example, such material can be used in so-called ranks in
heat exchangers, such as automobile radiators that are folded from thiq aluminium
sheet. When fabricating the heat exchanger the ranks are placed against braze-clad
tubes and then heated in a brazing furnace so that the braze layer on the tube melts and
flows away due to taqﬂary forces and surface tensroh differences and forms brazed
seagms between the ranks and the tube.
i
The En‘mary function of| thé tanks in a gaé/liquid heat exchanger, !such as an automobile
radnator is to conduct the heat frorn the quuud in the tube to the gas. The ranks often
have additional tasks The brazing is done at very high temperature so that the material
can be creep-defomtred only by the mechanical stress caused by its own weight. The
ranks must not become so soft that they collapse, but rather help to maintain the form of
the heat exchanger. The capacity of the ranks in this regard, their “deflection resistance”
is measured by fastening strips of a certain length, such as 50 mm, horizontally at one
end in a fumace that is heated up to 600°°C. The deflection of the free end is measured
when the furnace has cooled down. It is also important to the ability of the heat
exchanger to resist the high pressure which can occur in the tube during operation that
the ranks help out in resisting this high pressure. If the ranks have good strength also at
high temperature, the tube can be thinner, which means that the heat exchanger weighs
t

tese.

If the materiat of pal S 'beih'g brazed is not recrystallised when heated to the brazing
temperature before tte melting temperature of the braze is reached, silicon from the
braze| will penetrate the matenal being brazed Thrs entails a risk; in thin sheet such as
‘ranks, of melting and collapsing or, altematNely, of forming incomplete or poorly brazed
seams with large pores The penetratlon of the silicon occurs by diffusion, melting of the
outer layer, or so-catled “liquid film mrgratron [see, e.g.. A. Wittebrod, S. Desikan, R.
Boom, L. Katgerman.lMatenals Science Forum Vols. 519-521, (2006) pp. 1151-1156)).
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Therefore, a braziné maten’al per the above that does not recrystallise during braziﬁg
must have a barrier layer. Material consisting of several layers is appropriately known af
sandwich material. The function of the barrier layer is to reduce the penetration of silicon
from the braze into the underlying core material during the brazing and thereby assure
the formation of good brazed seams, so that the core material does not begin to melt.
Silicon penetration occurs especially easy at grain boundaries. Therefore, large grains
need to be formed in the barrier layer so that there are few grain boundaries.
i
: 1

Orné problem with ?rdinary high-strength brazing material, such as that with high
contents of manganese, islthat its corrosion properties are not the best. Intermetallic
par}icles with iron, ‘j\aﬁgalnese, and aluminium are more noble than the surrounding

aluminium matrix,

hich gives rise to bitting in moist settings. Commercially pure
aluminium having onfy ifoq and silicon as alloying material and also low iron content has
much better properties in this regard. Bamier layer and core layer can therefore

advisedly be constituted such that tl|1e sandwich material has good corrosion properties.

| ,
if the tubes in airlwattl-)r heat exchangers become corroded, they will leak, which must be
prevented. Therefore, zinc is often added to the alloy in the ‘ranks so that they have
lower electrical potential in relation to the tube and provide so-called cathodic protection.I
Of course, this results in greater overall corrosion on the ranks. But this may be
acceptable, whereas intergranular corrosion and pitting which leads to a faster
dissolving of the ranks must not occur. One way of further improving the corrosion
properties is to increase the electrochemicaq potential of the core layer. This can be
done, for example, by using copper, manganese or some other alloying material that
incpeases the electrochemical potential in solid solution and that is placed in solid

{ .
solution during the brfzing process.
: O | |
Oné problem with kr?own types of brazing material is that they lack sufficient fatigue
strength and creep re;sistancila at high temperatures. If the temperature is high during the
' ; | g at ; . ' .
‘testing, over 200°°C, t‘wen the lifetime 'for. fatigue stressing of the material's creep

resistance will also ibe limited udder rather high stresses. Since the .intermetallic
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segregatrons contribute greatly to lthe strength at high temperatures, it is important for
them to be stable a¢d not dissolve too fast over time. Thas is especially important for a
core material that ns not recrystallised, 'since the segregattons retard the course of
recrystallisation.

|
Two examples of products that need better fatigue strength and creep resistance at
temperatures over 150°°C and up to 300°°C are intercoolers and exhaust gas coolers for
recycling in autornobile engines. These products jare usually fabricated by brazing of
sandwich material. Increased demands on automobile engines for reduced emissions of
polluting gases and improved efficiency means that these coolers are subtected to
increasingly higher operating temperatures and gas pressures. Th»s causes a problem,
since existing SandWICh matenal does not meet the strength requirements. Ordinary
automobile radlators {that do not reach operatlng temperature higher than 100°°C are
today made in relatively heavy material dnmensnons for strength reasons. The heavy
welght contributes tq high tuel consumption. The large quantity of material used in
radiators also makee tl-,em costly to manufactulre. Even though the ranks are thin as
‘compared to tubes and other parts in an autémobile radiator, they stili amount to a large
part' of the radiator's ‘weight. perha;Js 40%', and it is therefore very important for them to
have good strength f‘at the operating temperature so that their thickness can be held

down.

The above problem has been solved for tubes and end plates of heat exchangers by thel
method specified in WO 20091 28766. In this method, the core layer has a composition such
that ut does not recrystallise dunng brazing. To prevent silicon from the braze penetrating
into the core layer, a barrier layer is applled by rolling, consisting of an aluminium alloy
that recrystallises in large grains during brazmg One problem is that it can be hard to
get the barrier layer to adhere to the core Iayer during hot rolling if there jis a large
difference in deformation resistance between core layer and barrier layer and if the
barlrxer layer is very ttnck An oxide-free alumtmum surface is very quickly covered by
oxide when it makesmontact with air. To get adhesron a metal surface without oxide
needs to be created b%oth_on core layer and barrier layer so that one gets a_\nlwetat against



metal contact. This tls achneved by the surface enlargement produced by rollmg if both
layers are deformed’ For expmple if the core layer is much harder than the barrier layer,

then'the core layer wull ot be deformed. | ‘

In the fabrication pri ess, plates olf the barrier layer are placed on one or iboth sides of
an ingot of the core jalloy. For good yield in the industrial rolling process, the combined
thickness of this sandwich pack is 60 cm thick. It is then necessary to start the rolling
with relatively small reductions in each rolling pass. Since the ratio between the diameter
of the working rolls and the thickness of the sandwich pack is small, this means that the
primary thickness reduction and thus the surface enlargement occurs near the surfaces
of the sandwich pack. If the barrier layer is thick, the surface enlargemen.t is small in the
boundary layer between barrier layer and core ingot and it is hard to make the layers
stick together. An even greater problem is that most of the thickness reduction occurs at
the surface, so the barrier layer is lengthened more than the core layer. Thi$ squeezes
the barrier layer out both to the front and rear of the core layer. These projecting parts
must then be tnmméd off, which lowers the efficiency of the process. Furthermare, the
barrier layer is forcetp out to the sides beyond the core, layer, which means one géts a
variation in thacknessI of the barrier layer over the width of the finished sheet. The edges
of the rolled sheet rnust thlerefore be sheared off and scrapped, since their thickness is
‘too thin at the barrier layer. This further decreases the yield of the process. Of course, if
the barrier layer is spfter than the Icore layer, which is often the case, the problem of
poor yield is further $ccentuated This problem becomes even more severe in very thin
sheet, such as heat exchanger ranks, whlch are often thinner than 0.1 mm and can be
as thin as 0.05 mm. This means that for the barrier layer t6 work, which requires a
thickness of at least 0.007 mm, it will take up a sizeable part of the thickness. It is then
hard for the customary method of fabricating thin sheets for heat exchangers - hot rolling
-to have a good yield. especially if the core layer is much harder than the barrier layer. If
the barrier layer is thicker than 20% of the total thickness, it is hard to make the layers
stick together at all during the rolling. '
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!
What primarily makes a material hard during rolling is its content of 'many hard
m*ermetalhc pamcles Alloy elements in solid solution also increase the resistance to
deformation. ln a sat{\dwuch material, the core layer should have many particles so as not
to recrystalllse whul% the bamer layer should have few particles, so as to recrystaliise in
a large grain size at ‘.L” relatively low temperature. Thus, the hardness difference between
the Iayers can be larfge que‘p they are roliled together, and this must be avoided in order

+

" to get a good yield.

| | |
Summary of the im)pntion .
One primary goal of!the present invention is to provide a sandwich material for brazing
that can be made with high yield and has high strengtﬁ both at low and high
temperature, especially for creep and fatigue. This goal is achieved by a method for
mak,ing a sandwich material for brazing in accordance with independent patent claim 1.

Embodiments of the invention are defined by the dependent patent claims 2 to 9.

A further goal of the invention is to provide a sandwich material having good corrosion
properties, in addition to the aforementioned rlxigh strength. This is achieved according to
thelmventlon in that the electrachemical potential is decreased toward the surface and in
that the surfaces ex;bosed to the outsu!e, the so-called barrier layer, in a brazed heat

exchanger have few mtermetalhc partucles l

' i
The invention also w{volves la method for making a sandwich material for brazing that
lprowdes good vyield m {he rollmg process and high strength for the sandwich material
both at low and high itemperature. ]’has is possible in that thinner material can be used,
V\'/hich means materi#l savings and, moreover, in heat exchangers for vehicles, a lower
weight and thus redu¢ed fuel consumptior!.

A further goal of the present invention is to provide a brazed product consisting of ?
sandwich material having high strength both at low and high temperature. This goal is
achiéved by a process for production of a brazed product according to patent claim 10.
Embodiments of the process are defined by the dependent patent claims 11 to 14.



The invention also calls for application of a brazed product made according to the
aforementioned process at operating temperatures over 150°°C, preferably over 200°°C,
and most preferably over 250°°C. ' !

! -
A brazed product |ade according to the above described process can also preferably

be used at |6wer 0| réting‘temperatureé. such as up to 100°°C, where thinner material
thdn normal can be Used to save on material input or weight and fuel consumption.

; |

co | | : ;

* The invention provides a sandwich material for brazing, comprising a core layer of a first
aluminium alloy and ia barrier layer bf a second aluminium alloy, where the barrier layer
gnd the core iayer h'ave essentially the same deformation resistance before being rolled
together, and the satdeich material can ble produced by the steps of
- providing a core layer of a first alloy that contains (by wt. %): 0.5-2.0%, preferably 0.8 —
1.8%, most preferably-1.0-1.7% Mn, s 0.2% preferably < 0.1% Si, < 0.3% Ti, $0.3%, |
preferably < 0.2% Cr, < 0.3%, preferably < 0.2% Zr, < 0.2%, preferably < 0.1% Cu, € 3%
Zn,l's 0.2% In, S 0.1% Sn and < 0.7%, preferably < 0.35%, (Fe+Ni), € 1.0%, but for
brazing under inert gas with flux < 0.3%, most preferably < 0.05% Mg, the rest Al and <
0.05% of each of unavoidable contaminants;

- providing a barrier layer of a second alloy that contains (by wt. %): £ 0.2% Mp+Cr. 1.6-
5%, preferably 2-4.5% Si, = 0.3%, preferably < 0.2% Ti, < 0.2% Zr, < 0.2%, preferably s
0.4% Cu, 5 3% Zn, £0.2% In, 5 0.1% Sn and < 1.5%, preferably s 0.7%, most
preferably O.1v-0.35%i.(Fle+Nj), < 1.0%, but for brazing under inert gas with flux < 0.3%,
most preferably < 0.(*5% Mg, the rest Al and $0.05 % of each of unavoidable
contaminants; ! | '

- rolli'ng the layers to&ether! sb that they adhere and form a sandwich material;

- helat treating the saﬁdwich materiﬁl ata prédetermined temperature and for a
predetermined time 40 that the Si-content is equalised to 0.4-1% in 4both coré layer and
barrier layer; | | '

! :
- rolling the sandwich material to a final thickness.



The core iayer has a high content of manganese, which means it has a high deformation
resistance, but since it has a low content of silicon the number of dispersoids is lower
and thus the deformation resistance in hot rolling is lower than if the sificon content were
high. The barrier layer has a high content of silicon, which means that its deformation
resistance is higher than for low silicon content and the deformation resistance for core
and barrier layers will thus differ to a lesser' degree, which substantially increases the
yield and facilitates the adhesion when rolled together. The magnesium content of the
core layer will be lower than in the barrier layer so as to further decrease the difference

in deformation resistance.

i
i ;

In & first step, the che layer is rolled together with the barrier layer on one side or both
sude§ to form a sandw:ch mlatenal This is adwsedly done by hot rolling. The sandwich
- material can then be cgld rolled. The degree of cold rolling is determmed by the final
thickness of the sandwuch material| and the desired material properties. Advisedly, the
sandwich material is rolled until it is between 8% and 33% thicker than the final
l;\ickness, advisedly Fbetween 8% and 28% thicker than the final thickness, even better
between 8% and 16% thicker than the final thickness for best results.
. |
The sandwich material is then heat treated at temperatures between 350°°C and $00°°C
and'long enough so that it recrystallises and silicon from the barrier layer diffuses into
the core layer. This heat treatment is called hereinafter the “intermediate annealing™. The
manganese in the core layer separates out to a high degree in small recrystallisation-
inhibiting Al-Si-Mn-segregations, so-called ! dispersoids. The silicon content after
intermediate annealing should 'be at a level in the range of 0.4-1% in both con]e layer and
bafrier layer. The tfme for the intermediate annealing depends on the material's
dimensions and thei;in‘tem'wrediate annealing temperature and it is advisedly 1 to 24
houi's. By holding th silicon content below 1%, the layer is prevented from melting and
the minimum conteri of 0. 4r/o means that thanks to the dispersoid formation the core
. Iayer does not recrystal’lse entirely dunng the brazing of the finished material, which is
most often done at a temperature of 590—610”0. After the aforementioned intermediate
ann'ealing, the sandTvich material is worked (o its final thickness by cold rolling. The
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degree of final wor’dng depends|on the desired material properties in: the ﬁnishéd
product and how mu'ph the sandwich material was worked in previous stages. Advisedly,
vt'he cold rolling is dcgne with a degree of reduction that is 8% — 33%, preferably 8% —
28%, most preferably 8%-16%, of the final thickness. '
‘ |
Since the core layer before the rolling contains a low content of silicon and the barrier
|ayér a high content of silicon, the differehoe in deformation resistance during the rolling
is not so great, which means that the rolling yield will be good. When the intermediate
annealing is then carried out, a dense quantity of dispersoids will have formed in the
core layer to give the desired recrystallisation-inhibiting effect during the Ibrazing. If
silicon is present in high content in the core layer, a dense quantity of dispersoids will be
for'rined giving a high deformation resistance. The recrystallisation-inhibiting effect of the
dispersoids can still Ie obtapned if the duspersouds are formed later in the process during

the aforementioned intermediate annealing. !

| |

_The bamer layer recrystdilises even if the layer |s thin, since' the low manganese,
znrcomum and chromium contents fnean that much fewer dispersoids are formed in the
bamer layer. The desgired coarse grain size in the barrier layer is achieved by holding the
contents of iron anj nickel at a low level. Such a material is especially suitable for
brazing to a surface fhat is coated with braze. Thus, advisedly, there is no other layer of

any kind on the side of the barrier layer that is facing away from the core layer.
|
Since the deformation resistance of core and barrier layers does not differ significantly,
the rolling yield is very good. The above sandwich material provides several advantages
after the aforementioned rollidg and intermediate annealing;. the barrier layer
recrystallises in a coarse grain size upon Qeing heated to the brazing temperature,
whereupon diffusion of silicon from the braze to the core is substantially reduced. The
cagefully attuned alloy contents in core layer and barrier layer help give the sandwich
material good streLgth properties at, high temperatures after the brazing by

counteracting recryst llisation of the core layer The matenial therefore has high fatigue
‘ !
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strength and good !creep strength at temperatures Up to 300°°C. After’ brazing, the
sandwich material has very good brazed seams. :
. : ] | |

The sandwich materia| can consistlof a core layer of a first aluminium alloy and a barrier

layer of a second alt.fminium alloy that is arranged on one side of the core layer.

] l (

The sandwich material can consist of a core layer of a first: aluminium alloy and two
barrier layers of a second aluminium alloy arranged on either side of the core material. |

Advisedly the barrier layer constitutes the outermost layer of the sandwich material on
the side of the sandwich material that is to be brazed to another part. Such a material is
very suitable in thin sheet, for use as ranks in heat exchangers.

' I
Advisedly the barrier layer aft|er heating to the brazing temperature has a recrystallised
striicture with a graqn size greater than 50 um parallel to the rolling surface, which
minimises penetratiolh of silicon from braze to the core, which in turn contributes to a

slro‘nger brazed sear+c.

! .
The tore layer can;hqvei; non-recrystgllised,or partly recrystallised structure after
brazing. This structure of the core layer is essential to provide high strength to the
sandwich material. * | i
Advisedly the sandwich material after brazing has a fatigue strength greater than 35
MPa at 1 million loading cycles with a tensile load of R=0.1 at 300 °C.

|
Advisedly the sandwich material meets the fbllowing conditions: 0.4% <
Cs'x/100+Ck-(100-x)/100 s 1.0%, where the silicon content in the core layer is Ck % and
in the barrier layer Cs % before the rolling and the thickness of the barrier layer {or the
"combined thickness in the case of two barrierI layers) is x% of the total thickness of the
sandwich material after the rolling. If the conditions are fulfilled, one will achieve the



|
desired recrystallisation-inhibiting effect in the core layer and prevent the layer from |

mglting during the brazing.

The invention relatezsl toa method for making a sandwnch material for brazmg,
compnsmg the steps of: | '
- prowdmg a core layer bf 4 first alloy that contains (by wt. %): 0. 5-2.0%, preferably 0.8 —

8%. most preferably 1.0-1.7% M"I‘ £0.2% preferably $0.1% Si, £0.3% Ti, s 0.3%,

preferably <£0.2% Cr| < 0.3%, preferably £ 0.2% Zr, < 0. 2%, preferably < 0. 1% Cu,s3%
Zn, $02%in, < 0.1°\ Sn and < 0.7%, preferably s 0. 35%. (Fe+Ni), < 1.0%, but for
brazing under inert gés with flux < 0. 3%, most preferably < 0.05% Mg, the rest Al and <
0.05% of each of unavoidable contaminants;

- providing a barrier layer constituting a second alloy that contains (by wt. %): < 0.2%
Mn+Cr, 1.6-5%, preferably 2-4.5% Si, < 0.3%, preferably < 0.2% Ti, £ 0.2% 2Zr, < 0.2%,
preferably < 0.1% Cu, €3 % Zn, $0.2% In, £0.1% Sn and < 1.5%, preferably s 0.7%,
most preferably 0.1-0.35% (Fe+Ni), < 1.0%, but for brazing under inert gas with flux <
0.3%, most preferably s 0.05% Mg, the rest Al and s 0.05% of each of unavoidable
contaminants; ' !

- rolling the layers toqether SO tlhat they adhere and form a sandwich material;

- heat treating of the éandwnch material ata predetermmed temperature and for a
predetermmed time sp that the Si-content is equalised to 0.4-1% in both core layer and
bamer layer; ! |

- rollihg the sandwich m?tepapl to a final thiickness_.

The' sandwich matenal can be rollEd mto sheet or plates of various lengths with low
variation in thncknessi over the surface of the sheet. Since the difference in deformation
resistance between core layer and barrier layer is slight, the method consequently
enables a safe and rational manufacture of a sandwich material with high productivity
and high yield. |
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Before the hot rolling, yet another layer of the second aluminium alloy can be arranged
at another surface of the core layer so that the core layer is enclosed by a barmier layer
on both sides. This creates a sandwich matetial that can be brazed on both s]ides.

]
Further layers of an ‘aluminium alloy that has special corrosion-protecting properties can
be arranged on ano{her surface of the care layer so that the core layer is ‘enclosed by a
bamer layer on one Tlde and a corrosmn—protectlng layer on another side.

! |
The lolling together of t'he layers is advisedly done by hot rolling at 350°°C - 500°°C.

The sandwich material is then cold ’rolled. The degree of cold rolling is chosen based on
the desired final thickness and desired properties in the finished product. Advisedly, the
sandwich material is rolled until it is between 8% and 33% thicker than the final
thickness, advisedly between 8% and 28% thicker than the final thickness, especially
between 8% and 16% thicker than the final thickness for best resuits.

In a further step, the rolled sandwich material is heat treated at high temperature, 300°-
500°°C. The temperature is advisedly 350°-500°°C and the time during which the
material is heated depends on the material's c‘iimensions and the particular temperature.
Advisedly, the material is heated for a time between 1 and 24 hours. Thanks to the heat
trefatment the so-called intermediate annealing, the internal structure of the sandwich
material is changed §o that the entire layer becomes recrystallised, diffusion of silicon
from the barrier layer’ to the 'core layer results in manganese separating our in the form
of Aumerous Al-Mn-iSi segregations, and the silicon content in the barmier layer is

reduged to 1% or lowier.
o f i

The, sandwich material finally undergoes further cold working, usually by cold rolling, to
final thickness. The dlegree of final working depends on. the desired material properties
o} the finished product and how much the sandwich material has been worked in
previous steps. Advisedly, the sandwich material is worked to final thickness with a _
reduction degree of 8% to 33%, preferably 8% to 28%, most preferably 8% to 16%, of]
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the final ‘thickness. Ddring the cold working, the internal structure of the material ils
altered and its strength increases. This strength increase partly remains with the material
in a brazed heat exchanger, since the core layer does not recrystallise fully during the
brazing. This is because the driving force for the recrystallisation is low on account of the
low reduction degree for the cold working after the intermediate annealing and because
the retarding force for recrystallisation is high due to the numerous AI-Mn-Si
segregations. The low reduction degree of the cold working aiso leis the grairh sizein the
bqrrier layer beconjle large ! when this recrystallises upon heating to the brazing
temperature. |This hiind‘ers the penetration of silicon from the braze and the melting of
bar'rier layer and cor% léyer"! | !

A barrier layer that |s 7J pm thick or moreiproviqes excellent resistance to penetration of

" silicon from the braze if the heating
z : = |
]

The invention also reilates to a process for fabrication of a brazed product comprising the
I |

rate durihg the brazing is at least 25°°C/min.

above-described sandwich material, where the barrier layer has a recrystallised structure
with grain size having a length parallel to the rolling surface that is at least 50 ym. The
recrystallised, coarse grain structure in the barrier layer created during the heating to thé
braziing temperature‘cohtribute_s to less diffusion of silicon from the braze to the core,
which produces a stronger brazed seam and lessens the risk of partial melting of barrier
and core layers in the sandwich material during the brazing. Because the core layer
does not recrystallise altogether and contains numerous segregations, a brazed product
is obtained where the sandwich material cont'ributes high strength ‘and very good creep
and fatigue properties, especially at high temperatures up to and including 300°°C. The
sandwich material irlh the brazed product has a core layer with a deformed, non-
recrystallised or partly recrystallised struc’ture. where thg sandwich material has a yield
strength Rpo2 of at IFast 60 MPa at room temperature. The ;andwich material in this
produlct has good coirrosionlresistance in that the sandwich matzerial has a core layer
.which is more noble thah 'the barmier layer and a barrier layer that contains few
inteqnetallic particles.; 7

!
i
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The brazed productlis suitably a héat exchanger..

! N !

The invention .alsog relates to an application of the brazed product at operating
temperatures reaching to over 150 °C, or over 200 °C, or over 250 °C. The product is
especially suitable for such an application, since it has very good strength properties at
high temperatures. .

The brazed product is also especially suitable in heat exchangers with operating
temperatures under 100 °C, since the high, strength which the material has at these
temperatures means that the material in the product can be thinner, which results in a
cqeaper product with low weidht The low weight is especially advantageous in the case
when the product is used in motor vehlclgs since the vehicle's fuel consumption is then

reduced. o |
| | :
Detajled specnficatnon of the invention ;

" The invenltors have found a method of f}nakmg a sandwich material for thin sheet for
brazing of heat exchangers that|has very high strength as compared to existing
matenals even at hlph temperature, very good corrosion properties, and can be made
with high productlvuty and high yield.

Since the barrier layer in thin sheets, such as the rank sheets in heat exchangers, needs
to be thick, at least around 7 um, to provide the desired protection function and therefore
it tai(es up a sizeable portion of the thickness of the sandwich material, the problem of
poor yield in the rolling process is especially severe in this case. But the required
thickness depends on the temperatﬁreltime cycle during the brazing. A long time at high
' temperature requires a thicker barrier layer. ! . |
. l'

ExBeriments with roll?ng of layers of different hardness have shown that the hot rolling
yield is consmierably} |mprqved if the hardness of the layers during hot rolling in the

temperature range ofl350-500 °C does not differ too much.
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A(‘:l'hesion between the layers during hot rolling is significantly facilitated if the maximum
deformation resustanLe of the barrier layer during hot rollmg in the temperature range of
350-500 °C does noh differ too much from the core material's maximum deformation
res1stance An oxldé-free aluminium surface is coated very quickly with oxide when it
‘ makes contact with alrJ Therefore, to achleve adherence, metal surfaces without oxide
need to be created both on core lqyer and bamer layer during the rolling, so that metal
to metal contact is 4chneved between the layers durmg the rolling. If bamer layer and
core layer have app}oxtmately the same deformation resustance, their surfaces will be
expanded at roughly’ the same pace during the rolling. This guarantees metal contact

|

between the surfaces at all times and achieves good adhesion between them.

The: barrier layer could be made hard by solution hardening if it is possible to use higher
contents of alloying materials that can be maintained in solution, such as magnesium or
copper. In certain brazing methods, such as inert gas brazing with flux, one cannot
achieve good brazing properties if the magnesium content is too high. A high copper
content cannot be used in rank sheet that is being brazed to tubes, since it produces a
hiqh electrical potent‘lial which! leads lo increased corrosion of the tubes. Another way
would be to aed a!loy"in_g substances that form particles.. This is less preferred, because
the barrier layer is s I pbse'd' to recrystallise‘ in coarse grains when heated to the brazing
temperature before the duffuTson rate of silicon becomes high, even though it is thin and
the dtiving force of recry,stqlhsataon is Iow

Thus, one problem jis to find a |com;;so‘sition for the bamier layer that provides a
sufficiently high deformation resistance during hot rolling and also results in a material
that recrystallises in: @ coarse grain size when heated to the brazing temperature.
Experiments have shown it is hardef to stop silicon from the braze getting into the core
material the finer the grain size in the barrier layer and the thinner the barrier layer,
Thus‘. the choice of a!loying materials in the barrier layer is very limited in terms of rolling
capacity and recrystallisation properties. The thickness needed for the barrier layer to
recrystallise and afford the necessary protection against silicon penetration depends on
the rate of heating during the brazing.



16

in the present invention the silicon content of the barrier layer is high during the rolling
process, which produces many particles and much silicon in solution, which gives high ‘
déformation resustance The smcon content in the core alloy is low during the rolling
layer should recrystallise pnor to hot rolling when heated to the brazing temperature.
The minimum th:ckrless of ‘he barrier layer is chosen based on its desired function and
the rate of heating qunpg[the brazing. The high density of particles required in the core

process, which gwe; fewer particles and thus lower deformation resistance. The barrier

| layer so that it does not recrystallcse dunng the brazing is brought about during the
aforementioned inte| mediate annealing prior to the final rolling. During this annealing.
the silicon content ¢f the barrier layer is reduced, which means that it does not melt
during the brazing and also that the corrosion properties are substantially improved in
that the alloy composition becomes more like pure aluminium. .

I
In the sandwich material according to the invention, the core alloy after intermediate
annealing before rolling to the final dimension has a large quantity of particles per
volume unit to provide a large retarding force against recrystallisation and a very high
resistance to fatigue and creep at high temperature.

o

Agfis seen, it is important to' accurately select the alloying material and balance fhe
alloying content in cqr)re layer and barrier layer so as to obtain a sandwich material that
has good stréngth ;irope(tiés at high temperatures and can be worked by rolling with
high productivity and good yield. What follows is a description of the effect of individual
alloyn,ng elements in the sanJliwnch matenal
Silicon makes a ?ontribution td the deformation resistance, especially at high
deformatnon rates. The silicon content of the core layer prior to the intermediate
annealnng which is gupposed to even out the silicon content between core and barrier
layers, should be < 0.2; preferably < 0.1 wt. percent. In the barrier layer, the silicon
content should be high, so as to give a deformation resistance during hot rolling equal to

the deformation resistance in the core layer and contribute to separation of manganese
! ' .
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in numerous particles in the core layer during intermediate annealing before rolling to thle

final thickness. But the silicon content should not be so high that core layer and barrier

layer melt during brazing. Preferably, the silicon content in the barrier layer before the

heat treatment designed to even out the sificon content between core and barrier layer

should be 1.6-5.0 wt. percent. Advisedly, the silicon content is 2.0 - 4.5 wt. percent in
' |

the barrier layer.
[

i {

Magnesium mcreast the material's strength by solution hardening if it is present in solid
solutlon or by formin Mgzsu segregations upon ageing.'Magnesium moreover increases
the deformation resEtance ldunng rolling at high temperature, which means it can be
ysed advantageously |rf tqe barrier I.’:\yer.1 If its content is too high, the ability to braze is
' reduced on account of formation of a thick' magnesium oxide layer on the surface and
moteover there is aj risk of meltgnb of the material at the brazing temperature, which
causes the magnesi bm content of the core layer to be limited to 1.0 wt. percent. During
_inert gas brazing with flux, magnesium reacts with the flux, which reduces the ability to
braze. The ability to braze is reduced with increasing magnesidm content. Magnesium in
the care layer diffuses out into the barrier layer upon heat treatment and brazing. Thé
magnesium content in the core layer is therefore limited to 0.3 wt. percent, preferably
0.05 wt. percent, if the material is to be used for inert gas brazing with flux.

In the barrier layer, for the same reason as in the core layer, the magnesium content is
generally limited to 1.0 wt. percent. In the m!ost common brazing method at present

mert gas brazing mth flux 4 the barrier layer shouid not have higher content of
magnesium than arot nd 0.3 wt. percent, sunce magnesium has a negative effect on the
function of the flux. T‘ e’‘magnesium content in the bamer layer should therefore be < 0.3
wt. percent, preferably < 0.05 wt. percent, if the material is to be used for inert gas
brazmg with flux. HcgbLer contents of magnesium than 0.3 wt. percent can be tolerated if
.the matenal is to be vacirunh brazed. |

'
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Zinc is used to low#r the electrical potential of the material and it is very often used to
provide cathodic prbtection for the tubes in the heat exchanger. Up to 3% Zn can be

l

used in the core and barrier layers.

Zirconium increases the deflection resistance and provides increased resistance to
recrystallisation. Up to 0.3 wt. percent of zirconium can be added to the core layer's
composition. Zirconium is distributed primarily as small Al;Zr particles, which particles
will prevent recrystallisation and produce large grains in the material after brazing. Since
the AlyZr particles are stable even at very high temperatures, over 300 °C, they increase
thp fatigue and creep streng'th at high temperatures. Above 0.3 wt. percent, coarse
segregatlons are formed which negatively impact the formability of the material.
Preferably, the 2r c?ntent in the core Iayer is limited to 0.2 wt. percent. Since Zr helps
inctease deformatuqn resistance, the choice of Zr-content in the core layer is a
compromise betweeh the negatwe effect}of increased deformation resistance during the
" rolling and the posmve effects of increased recrystalhsatson inhibiting during brazing and
increased strength in the brazed broduct. in the barrier layer, the zirconium content
should not exceed 0,?2 wt. percent, since it cannot be higher than what allows the barrier
layer to recrystallisei during brazing and Iprovides the desired protection against silicon
intrusion. '

!
Titanium increases the strength and can be present in up to 0.3 wt. percent in the core
Iayelr. in the barrier Ieyer, titanium can be present in up to 0.3 wt. percent, preferably <
0.2 wt. percent. Since titanium in these contents does not form segregations which can
retard the recrystallisation, it can be used to increase the deformation resistance of the
barrier layer during rolling at high temperature'. : |

. t

Méhganese in solid #olution increases the strength, deflection resistance, and corrosion
hardness. Manganesie m segregations mcreases the strength Manganese with suitable
heat treatment at t mperatures under 500 °C forms small segregatlons so-called
dispersoids, with means diameter of less than 0.5 pm, which increase deflection
, resnst'ance inhibits recrystdliisation during brazing, and increases the strength at low and
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1

high' temperature. fhe, manganese cordtent in the core layer' should be 0.5-2.0%,
preferably 0.8 — 1.8%, most preferably 10 < 1.7%. In the barrier layer, the manganese +
chromium content sihould not exceed ‘0.2 wt. percent, since the barrier layer must
recrystallise at the br%zing‘ temperature. | ’

Iron and nicke! have a negative effect on corrosion resistanc.e and to an even higher
degree on resistance to deflection, intrusion of silicon from the braze material, an&
“recrystallisation of the core layer. This fs because iron and nickel form coarse
segregations which serve as nuclei for recrystallisation, which makes the grain size
smaller. In the core layer, the Fe+Ni content should therefore be limited to 0.7 wt.
percent, preferably to 0.35 wt. percent in the core layer. In the barrier layer, the content
is limited to 1.5 wt. percent but should advantageously be under 0.7 wt. percent.

Advisedly, the conter]t is 0.10 -1 0.35 wt. percent in the barrier layer.
: : I .
Copper in higi\er confent thdn 0.2 wt. perc!e'nt has the disadvantage that the barrier layer
carl become more nc}ble that tubes and other critical parts of the heat exchanger, which
from @ corrosion standpoint éauses an unwanted electrical potential gradient. Therefore,
' tﬁe copper content m Jhe! c‘ore and barr!ier. layer should not exceed 0.2 wt. percent,

preferably not exceeﬂ 0.1 wt. percent.

Chromium, like ;imclnium and manganése. is a so-called dispersoid former at fow
contents. Since coarse particles are formed at higher chromium contents, the chromium
content in the core layer should not exceed 0.3 wt. percent. In the barrier layer, the sum
of the manganese and chromium contents shouid not exceed 0.2 wt. percent, since the
barr%er layer has to récrystallise at the braiing temperature.

Indium and tin are sometimes added in small amounts to change the material’s
electrochemical nature. The contents should be limited to £ 0.2% for indium alnd £0.1%

for tin.
i
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- List of figures

Figure 1 shows theisilicon and manganese content as a function of the depth from the
platp"s surface to itﬁ‘. midc{le‘| ina sandwit):h matgrial according to the invention with core
' alloy 1 and barrier layer alloy 2 per Example 1 after intermediate annealing and rolling to
0.07 mm. The silicon and maﬂganeSe concentration were measured by energy-
dlsperswe spectrosgopy in a scanning electron microscope, pointwise at various depths
in a longitudinal section of the sandwmh plate. The large variation in composition from
one point to another is because the silicon in the core layer is for the most part in
segregations. : |

| ' .
Figure 2 shows the microstructure in longitudinal section after a braze-simulating heat
treatment in the boundary zone between the barrier layer (lower part) and the core layer
in the sandwich material according to the invention with core alloy 1 and barrier layer

alloy 2 in Example 1. ! - |

[
H i
Fibure 3 shows thj microstructure in a section through a seam formed when the

sandwich material o‘ the invention with core alloy 1 and 10% of the thickness of barrier
layer 2 on each side|is formed into a so-called rank and brazed to a tube of a sandwich
material consisting of an Al-Mn-alloy with an intermediate layer of pure aluminium and a
_braze layer of an aluémihiul'n' alloy with 10% Si. The sandwich material was rolled with a

reducuon correspondlng to 16%, of the starting thickness between mtermeduate

|
annealmg and brasz

! |

Figure 4 shows a piclture of the sandwich material of the invention, taken in a scanning
electron microscope in' so-called “back scatter mode™. The picture shows the grai
structure in a longitudinal section after a braze-simulating heat treatment. The sandwich
material consisted of core alloy 1 with 10% of the thickness of barrier layer 2 on each
side. It was rolled with a reduction corresponding to 16% of the starting thickness
between intermediate annealing and brazing. As the figure shows, the core alloy has a
deformed structure, while the barrier layer has recrystallised in a coarse grain size.

1



Figure 5 shows a comparison of the strengthI variation with temperature for 4 sandwich
m.?terial per Example% 2‘versus| the strength of a standard alloy for ranks. |

Figure 6 shows a comparison of the fatigue strength variation with temperature for a
sandwich material OfT the invgntion per Example 2 versus the corresponding property for
a stanpdard alloy for rjgnkJs. | : ‘

I

Figure 7 shows a c?mparison, of the creep strength variation with temperature for a
sandwich material oflthé invention per Example 2 versus the corresponding property for

[

a standard alloy for ranks.

Examples ’ o
The following examples describe the results of experiments carmried out with sandwich

| ' .
material according to the invention as compared to standard material.

Example 1:

Sandwich material according to the invention was made by joining togethelr plates of
barrier layer alloys and plates of core layer alloys by rolling. The composition of the
var‘ilous layers is shown in Table 1. The core layer was provided with plates of the barrier
layer on each side, w ere the barrier layer' on each side constituted 10%, 15% or 20% of
the total thickness. TF:\é layer was first heated to 480 *C for 2 hours. The rolling was
done' with no adhesilon problems. The variation in thickness over the surface of the
_plates was less than 51%. The sandwich material was then rolled until the thickness was
0.0? mm. The sandvivich plate$ Wﬁre soft-a;nnealed so that they recrystalljsed entirely
and the silicon content was the same on average in both core and barrier Ia'yer, see Fig.
1. After this, the sandwich material was rolled with various thickness reductions from 5 %

|
up to 25% of the starting thickness.



Taple 1. Alloy composition

Si Fe Mn Other

Core alloy 1 0.09 |(0.15 1.6 <0.01

Core alloy 2 0.08 0.'16 1.1 <0.01
N : ‘

Core alloy 3 0.09 015 |06 [<0.01

Barrier layer 1 2".0} ] 0.17 <0.01 | <0.01

Bartier layer 2 42 ‘. 50.17 <0.01 |<0.01

A ;Iaiece of the sand*ich material wlas suspended vertically in a furnace wuth nitrogen gas
atmosphere and s*:bjected to a heat treatment similar to that used for brazing
automobile radiators: heating from room temperature to 600 °C for 20 min, then a
holding time for 3 min at this temperature, followed by rapid cooling to room
temperature. The barrier layer recrystallised in all instances in a grain size that st
larger than 50 ym before reaching a temperature of 550 °C. See an examptle in Fig. 4.

The strength of the sandwich material depends on the degree of reduction before the

brazing simulation. Table 2 gives some examples.




Table 2. Yield strength, Reo, for a 0.06-0.085 mm thick' sandwich material after
simulated brazing. The roll reduction is indicated in % of the thickness before the

rolling.
Roll reduction Reo
before brazing *
(MPa)
(%)
7 40 .
. | 12 50
Cpre 1 + 20% of barrier layer 1
[ 17 62
. e .25 38
- !
| l , 5 - 42
C110°/fb§il'2 10 >4
ore 1+ of barrier layer ;
' ’ ey 18 71
. | . 25 40
] 6 ‘ 42
l "1 55
Core 2 + 10% of barrier layer 2
. 16 73
24 35
5 48
' 10 58
Core 3 + 10% of barrier layer 2 16 63
20 42
25 35

, [
THe yield strength, Rf'o 2, for certain combinations after the brazing simulation, is as high

as 60-70 MPa at r?om temperature, which should be compared with 40 MPa for
standard alloys for inert gas brazed heat exchangers such as EN-AW 3003. The reason
is that a dense quant»ty of dispersoids is formed during annealing, see an 2, which
.logether with the low deformation degree dunng rolling allowed the core material to

partly retain a deformed structure. ,
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The sandwich mate;rial was brazep in inert gas after fluxing against a 0.40 mm thick,
braze-plated tube. The brazed seams between the sandwich material and the tube
exhibited good ﬁmngL

at least 8%. An example of a brazed seam is given in Fig. 3.

1 if the degree of reduction during the rolling before the brazing was

Example 2

A sandwich material according to the invention was subjected to a braze-simulating heat
treatment equal to that in Example 1. Table 3 shows the alloy composition after heat
treatment. This is compared to a standard material, EN-AW 3003, for ranks in
automobile radiators. The standard material had been subjected to the same braze—
simulating heat treatment as the sandwich material and its composition is also shown in
Tdble 3. Figure 5 shows the stattc strength variation with test temperature. Figures 6 and
7 illustrate fatigue End creep strength,' respectively, at different temperatures. The
ﬂgqres show that tr<e sandwich material has superior' properties as compared to the
standard material alt room jtemperature and elevated temperature in terms of static
stren'gth. such as fati;gug and creep. i :
Table 3 Alloy co‘mposition aft'er braze-simulating heat treatment, wt. %.

' lSi Fe |[Cu Mn [Mg |[Zr Ti Other

elements

, of each
Sandwich material |
Core layer 0.5 |03 |<0.02]|1.6 0.2 0.1 0.04 [<0.02
Barrier layer 0.t 103 |<0.02|<0.02]0.2 <0.02{0.1 <0.02

Standard material |0.1 0.5 0.1 1.2 <0.02{<0.02|<0.02|<0.02
' EN-AW 3003 :

Exgmple 3: j
Deformation remstahce was measured for several dlfferent alloys per Table 4.

Specamens were tak%n from mgots of the alloys and heat treated at 500 °C for 8 hours.
|
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Deformation: resusta}'\ce was measured as.the maximum force per unit of cross section
arpa needed to deform cylinders of 21 mm height and 14 mm diameter. Circular grooves
0.2 mm deep and 0.75 mm wide had been cut out at each end of the cylinders at a
distance of 2 mm fn‘onj each other. The: cylmders were heated to the test temperature

{

and deformed at a deformatlon rerte of 25 to at least 50% height reduction. Boron

i

m(nde was used as 'ubncant.
| H 1
!

'The results for deformation at 480 °C are shown in Table 4.

Table 4 Deformation resistance at 480°°C.

Alioy ' - Deformation resistance
at480°C
_ (MPa)
Al-0.2%Fe-0.1%Si 25
Al-0.2%Fe-4%Si ‘ 32
AIJ»O.Z%Fe-1.5%Mn-?.Q7%Si 40
Al-O.Z%Fe-1.5%Mn-?.8,1%S§] t70

i
|

As shown by table 4, the deformation resistance for the alloy Al—O.Z%Fe-O.i%Si is only

, 3'6%qof the deformat?iori résistance for the allloy‘Al-0.2%Fe-1.S%Mn-O.B%Si. By raising
thelsilicon content td 4% in the ﬁrs‘ mentioned alloy and reducing the silicon content to
0.07% in the second! lloy, the ratio in deformation resistance is increased to 80%, which
should significantly chilitate adhesion and improve the' yield during rolling at 480 °C.
Thus, by heat treatment at high ternperature of a sandwich material according to the
invention with a core léyer of Al-0.2%Fe-1.5%Mn-0.07%Si and a barrier layer of Al-
0.2%Fe-4%Si, silicon can be made to diffuse from the barrier layer to the core layer, so
thatithe alloy in the core will become similar to Al-0.2%Fe-1.5%Mn-0.8%Si and the alloy
in the barrier layer will become similar to Al-0.2%Fe-0.8%Si, which should gi\}e the
desired properties in terms of inhibiting recrystallisation in the core layer, and a barrier
layer effect and 'good corrosion hardness in the barrier layer.
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