
The invention relates to a method for making a sandwich material for grazing, 

comprising the steps of: - providing a core layer of a first alloy that contains (by 

wt. %): 0.5-2.0% Mn, < 1.0% Mg, < 0.2% Si, < 0.3% Ti, < 0.3% Cr, < 0.3% 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 layer of a 

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 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 a final thickness. 
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Patent claims 

!' 

1. A method foi; making a sandwich (nateriai for brazing, comprising the following 

steps of; • ' 

- providing a core layjer of a first aluminium alloy that contains (by wi. %): 

Mn: i j q.5-2.0%, preferjably 0.6 -1 .8%. most preferably 1.0 - 1.7% 

Mg: < 1.0%, preferably < 0.3%. most preferably < 0.05% 

Si: < 0.2% preferably sO.^% Si 

Ti: <0.3% 

Cr: < 0.3%, preferably s 0.2% 

Zr: < 0.3%. preferably s 0.2% 

Cu: s 0.2%. preferably s 0.1 % 

Zn: £ 3% 

In: < 0.2% 

Sn: <0.1% 

Fe+Ni: < 0.7%. preferably £ ,0.35% 

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

- providing a barrier Iay4r of a second aluminium alloy that contains (by wt. %): 

Mn+Cr: <0.2% , 

Mg: I £ 1.0%, preferably £ 0.3%, most preferably s 0.05% 

Si; 1.6 - 5%. preferably 2 - 4.5% 

I Ti; i < 0.3%, preferably < 0.2% 

Zr; ' '<0.2% 

Cu: < 0.2%. preferably < 0.1 % 

Zn: < 3 % 

In; <0.2% 

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; 

- roiling the layers together so that they adhere and form a sandwich material; 
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I - 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 t>oth core 

layer and barrier layer; 

- roiling the sandwich material to the d@signed final thickness. 
i 

I 2. A method according to claim 1 wherein the sandwich material, before heat 

treatment, is also cold rolled until the sandwich material is 8% to 33% thicker than 

the intended fin l̂ thickness, preferably 8% to 28% thicker than the intended final 

thickness, mqst preferably 8% to 16% thicker than the intended final thickness. 

3. A method acbordtng to any one of daims 1 or 2 wherein the sandwich material 

' after heat treatment is cold rolled to final thickness with a reduction degree of 8% 

to 33%, prefei ably 8% to 28%. of the intended final thickness. 

4. 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. I 

5. A method according to any one of claims 1 to 4 wherein the heat treatment Is 

done for a time of 1 - 24 hours. 

6. A method acconJing to any one of th6 preceding claims comprising ^e step of 

providing a core layer of the first aluminium alloy and two barrier layers of the < 

second aluminium alloy, wherein the barrier layer is arranged on either side of the 

core material. , ' 

I . - I 

7. A method according to any one of the preceding claims wherein the barrier layer 

' or layers constitute tjhe outermost layer of the sandwich material on the side of the 

sandwich material that is to be brazed to another part. 

8. A method according to any one of the preceding daims wherein 0.4% s Cs*x/100 

+ Ck*(100-x)/100 < 1.0%. where Ck is the silicon content in the core layer before 

the rolling, and Cs is the silicon content in the barrier layer before rolling, and x is 

I 
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! 
the thickness of the barrier layer, or in the case of two tjanier layers the combined 

thickness of the barrier layers, in % of the total thickness of the sandwich material 

after being roiled together. 

I • . 

9. A method according to claim 8 wherein x is 7 (jm or more. 

10. A process for making a brazed product, comprising a method for making a 

sandwich material according to any dne of claims 1 to 9, and brazing of this 

sandwich material to another part. 

r 
11. A process Recording to claim 10 wherein the barrier layer is allowed to 

recrystallise during the brazing so that it has a grain size having a length parallel 
' to the rolling surface of the sandwich material that is at least 50 pm. , 

12. A process acccirdiln^ to any one of claims 10 and 11 wherein the sandwich 

material's core layer has a npn-recrystallised or partly recrystallised structure after 

brazing. 

13. A process ac(:x)rding 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. 
I 

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. 

IS.A sandwich material for brazing, mad^ by the method according to any one of 

claims 1 to 9. ! 

Dated this the 2 0 * day of March 2012- V3 i ^ / 

(ASHISH K. SHARMA) 
o/SUBRAMANIAM, NATARAJ & ASSOCIATES 

' Attorneys of the Applicants 
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Sandwich material with high strength at high temperature for thin sheets in heat 

' exchangers 
• i 

! 

The present invention relates to a method of fabrication of a sandwich material intended 

for brazing, a process for fabricating a brazed product, and an japplication for a brazed 
' I I I ' 

product. The invention also relates to a isandwich material produced by the method and 

a brazed product produced by the l̂ rocess. 

Background of the 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 Vr\e 

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 wori<ing it prior to the brazing, that is,' rolling or stretching at temperature below 

200'"'C, which increases the strength, and doing this in a way so that it does not lose the 

sllrength increase Mpon brazing. This means that the material is prevented from 

recrystallising entir^y duripg the heat treatment which brazing entails. Such a material, 

furjthermore. can b^ given high resistance to fatigue and creep when used at high 

temperature, up to'and including 300'°C. This high strength at high temperature is 

created both by lowering the driving force for recrystallisation by selecting a sufficiently 

low degree of deformation during the cold working and by increasing the retarding force 

by creating a sufficiently large quantity of particles per unit of volume. 

I 
Material for brazing can be coated with a braze layer of an alloy with high silicon content. 

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 layer to melt at 

low^r temperature than the underiying 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 radikors that are folded from thirij aluminium 

sheet. When fabricating the ^eat exchanger, the ranks are placed against braze-clad i 

tubes and then heated in a brazing fumace so that the braze layer on the tube melts and 

flows away due to |:apiUarv forces and surface tension differences and forms brazed 

se^ms between the ranks and the tube. 

i 

The primary functiort of| th^ /-anks in a ga^liquid heat exchanger, such as an automobile 

radiator, is to conduct the heat from the liquid 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-deforntied 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 lin a fumace that is heated up to 600'"'C. The deflection of the free end is measured 

when the fumace 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 pressifre. If the ranks have good strength also at 

high temperature, the tut>e can be thinner, which means that the heat exchanger weighs 

lesjs. 

If the material of paits'being brazed is not recrystallised when heated to the brazing 

temperature before thie melting temperature of the braze is reached, silicon from the 

brjazeiwill penetrate the.material being brazed. This entails a riskj in thin sheet such as 

ranks, of melting and collapsing or, altematively, of fomiing incomplete or pooriy brazed 

searhs with large por^s. The penetration of the silicon occurs by diffusion, rVielting of the 

outer layer, or so-caliled "liquid film migration" {see, e.g.. A. Wittebrod, S. Oesikan, R. 
' -

Boom, L. Katgennan,;Materials Science Forum Vols. 519-521, (2006) pp. 1151-1156)J. 

I 
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Therefore, a brazing material per the above that does not recrystallise during brazing 

must have a barrier layer. Material consisting of several layers is appropriately known as 

sandwich material. The function of the barrier layer is to reduce the penetration of silicon 

from the braze into the underiying 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 

Orje problem with ordinary high-strength brazing material, such as that with high 

contents of niangan^se, is that its corrosion properties are not the best. Intermetallic 

particles with iron, nhanganese, and aluminium are mbre noble than the surrounding 

aluminium matrix, vt|hich gives rise to pitting in moist settings. Comnvercially pure 

aluminium having only irortj and silicon as alloying material and also low iron content has 

much better properties in this regard. Barrier layer and core layer can therefore 

advisedly be constituted such that the sandwich material has good corrosion properties. 

If the tubes in air/water 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] 

Of <?ourse, this results in greater overall con-oston 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 electrochemical potential of the core layer. This can be 

done, for example, by using copper, manganese or some other alloying material that 

increases the electrochemical potential in solid solution and that is placed in solid ' 

solution during the brazing process. 

One! problem with known types of brazing material is that they lack sufficient fatigue 

strength and creep resistance at high temperatures. If the temperature is high during the 

testing, over 200"C, then the lifetime for, fatigue stressing of the material's creep 

resistance will also be limited urjider rather high stresses. Since the intermetallic 
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segregations contribute greatly to Ihe strength at high temperatures, it is important for 

them to be stable arpd not dissolve too fast over time. This is especially important for a 

core material that i^ not recrystallised. since the segregations retard the course of 

recrystallisation. 

I 
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 automobile engines. These products ,^re 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 subjected to 

increasingly higher operating temperatures and gas pressures. This causes a problem, 

siqce existing sandwich material does not meet the strength requirements. Ordinary 

automobile radiators that do not reach operating temperature higher than lOO^'C are 

today made in relatively heavy material dimensions for strength reasons. The heavy 

weight contributes t<̂  high fuel consumption. The large quantity of material used in 

radiators also makesi therr| 9ostly to manufacture. Even though the ranks are thin as 

compared to tubes and other parts in an autbmot>ile radiator, they stilt amount to a large 

part' of the radiator's weight, perhaps 40%. and it is therefore very important for them to 

h^ve good strength at the operating temperature so that their thickness can be held 

down. 

The at)ove problem has been solved for tubes and end plates of heat exchangers by thel 

method specified in WO 2009/128766. In this method, the core layer has a composition such 

that it does not recrystalilse during brazing. To prevent silicon from the braze penetrating 

into the core layer, a barrier layer is applied by rolling, consisting of an aluminium alloy 

that recrystallises in large grains during brazing. One problem is that it can be hard to 

get the barrier layer to adhere to the core layer during hot rolling if there |is a large 

difference in deformation resistance between core layer and barrier layer and if the > 

bamer layer is very thick. An oxide-free aluminium surface is very quickly covered by 

oxide when it makes I contact with air. To get adhesion, a metal surface without oxide 
i I 

needs to be created bjoth on core layer and barrier layer so that one gets a metal against 
i i 
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metal contact. This is achieved by the surface enlargement produced by rolling if both 

layers are deformed. For example, if the core layer Is much harder than the barrier layer, 

then'the core layer will potj be deformed, j ' 

In tne fabrication process, plates of the barrier layer are placed on one or both sides of 

an ingot of the core alloy. For good yields in the industrial rolling process, the combined 

thickness of this sandwich pack is 60 cm thick. It is then necessary to start the roiling 

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 

prirriiary thickness reduction and thus the surface enlargement occurs near the surfaces 

of the sandwich pack. If the barrier layer is thick, the surface enlargement 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 thŝ t most of the thickness reduction occurs at 

the surface, so the barrier layer is lengthened more than the core layer. Thii squeezes 

the barrier layer out both to tiie front and rear of the core layer. These projecting parts 

must then be trimmeld off. which lowers the efficiency of the process. Furthermore, the 

barrier layer is force<] out to the sides beyond the corei layer, which means one gets a 

variiation in thicknessi of the barrier layer over the width of the finished sheet. The edges 
I 

of the rolled sheet must therefore 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 Accentuated. This problem t>ecomes even more severe in very thin 

sheet, such as heat Exchanger ranks, which are often thinner than 0.1 mm and can be 

as thin as 0.05 mm. This means that for the barrier layer to work, which requires a 

thickness of at least 0.007 mm, it will take up a sizeable part of the thickness, it is therj 

hard for the customary method of fabricating thin sheets for heat exchangers - hot rolling 
I 

- 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. 
I 



6 
I 

What primarily makes a material hard during rolling is its content of many hard 

in|ermetailic particles. Alloy elements in solid solution also increase the resistance to 

deformation. In a sandwich material, the core layer should have many particles so as not 

to recrystallise, while: the barrier layer should have few particles, so as to recrystallise in 

a large grain size at a relatively low temperature. Thus, the hardness difference between 

tine layers can be large jWl̂ ep they are rolled together, and this must be avoided in order 

to get a good yield. ' 

Nummary of the invlention 

One primary goal of the present invention is to provide a sandwich material for brazing 

that can be made with high ^eld and has high strength both at low and high 

temperature, especially for creep and fatigue. This goal is achieved by a method folr 

making a sandwich material for brazing in accordance with iridependent 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 high strength. This is achieved according to 
the invention in that the electrochemical potential Is decreased toward the surface and in i 

i ' 
that the surfaces exposed to the outside, the so-called barrier layer, in a brazed heat 

exchanger have few ht^rmetallic particles. 

The invention also involves 'a method for making a sandvtnch material for brazing that 

provides good yield in the rolling process and high strength for the sandwich material 

botf| at low and high temperature. Jhis is possible in that thinner material can be used, 

which means material savings and, moreover, in heat exchangers for vehicles, a lower 

weight and thus reduced fuel consumptioW. 

A further goal of the present invention is to provide a brazed product consisting of a 

sandwich material having high strength both at low and high temperature. This goal is 

achieved 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. 
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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. I 
i ' I ' -

I ' I 

A brazed product iriade according to the above described process can also preferably 

be used at lower operating temperatures, isuch as up tp 100°°C, where thinner material 

thein normal can be used to save on material input or weight and fuel consupiption. 

' 1 
• ' M l ' i 

The invention provides a sandwich material for brazing, comprising a core layer of a first 

aluminium alloy and a barrier layer bf a second aluminium alloy, where the barrier layer 

and the core layer h^ve essentially the same deformation resistance before being rolled 

together, and the sandwich material can be 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 s 0.1 % Si. s 0.3% Ti, s 0.3%, | 

preferably < 0.2% Cr. < 0.3%, preferably S 0.2% Zr, s 0.2%, preferably < 0.1% Cu, < 3% 

Zn.'< 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 s 0.3%, most preferably S 0.05% Mg, the rest Al and S 

0.05% of each of unavoidable contaminants; 

- providing a barrier layer of a second alloy thkt contains (by wt. %): s 0.2% Mn+Cr. 1.6-

5%. preferably 2-4.5% Si, < 0.:^%. preferably < 0.2% Ti, £ 0.2% Zr, i 0.2%, preferably £ 

O.V% Cu, < 3 % Zn. s 0.2% In. < 0.1% Sn and < 1.5%. preferably £ 0.7%, most 

preferably 0.1-0.35%j (Fe+Nj). < 1.0%. but for br&zing under inert gas with flux < 0.3%, 

mo^t preferably £ O.C 5% Mg, the rest Al and £0.05 % of leach of unavoidable 

contaminants; | 

- rolling the layers togetfier! sb that they adhere and form a sandwich material; 

- heat treating the sandwich material at a predetermined temperature and for a 

predetermined time so that the Si-content is equalised to 0.4-1% in both core layer and 

barrier layer; i 

- rolling the sandwich material to a final thickness. 

I • • 
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The core layer has a high content of manganese, which means it has a high defomiation 

resistance, but since it has a low content of silicon the number of dispersoids is low^ 

and thus the deformation resistance in hot rolling is lower than if the silicon 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 roiled 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 resist; ince. 

In i first step, the core layer is rolled together with the barrier layer on one side or both 

sides to form a sandwich material. This is advisedly done by hot rolling. The sandwich 
i j I i < '• 

material can then be cbid rolled. The deigr̂ e of cold rolling is determined by the final 

thic|(ness of the sandwich materiall and the desired material properties. Advisedly, the 

sandwich material n rolled until It is tjetween 8% and 33% thicker than the final 

thickness, advisedly between 8% and 28^ thicker than the final thickness, even better 

between 8% and 16% thicker than the final thickness for best results. 

I 
The sandwich material is then heat treated at temperatures between dSO '̂C and SOO*°C 

and long enough so that it recrystaliises 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 AI-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 core layer and 

balrrier layer. The time for the intermediate annealing depends on the material's 

dimensions and the intermediate annealing temperature and it is advisedly 1 to 24 

hours. By holding th4 silicon content below 1%. the laydr is prevented from melting and 

the minimum content of 0.4% means that thanks to the dispersoid formation the core 
I i 

layer does not recrystalpSQ entirely during the brazing of the finished material, which is 

most often done at a temperature of 590-61 b^'C. After the aforementioned intermediate 

annealing, the sandvivich material is worked to its final thickness by cold rolling. The 



9 
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degree of final working depends | on the desired material properties in; the finished 

product and how muph the sandwich material was worked in previous stages. Advisedly, 

. the cold rolling is done with a degree of reduction that is 8% - 33%. preferably 8% -

28%, most preferably 8%-16%, of the final tNckness. 

1 
Since the core layer before the rolling contains a low content of silicon and the barrier 

layer a high content of silicon, the difference 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 recrystallisatlion-inhibiting effect during the brazing. If 

silicon is present in high contept in the core layer, a dense quantity of dispersoids will be , 

formed, giving a higf̂  deformation resistance. The recrystallisatlon-inhibiting effect of the 

dispersoids can still be pbtajned if the dispersoids are formed later in the process during 

thelaforementioned intermediate annealing. 

I 
The barrier layer rebryjst^ili'ses even if the layer is thin, since' the low manganese, 

t • 

zirconium, and chromium contents mean that much fewer dispersoids are formed in the 

barrier layer. The de^red coarse grain size in the barrier layer is achieved by holding the 

cbntents of iron andj nickel at a low level. Such a material is especially suitable for 

brazing to a surface that 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 rolling and intermediate annealing; the barrier layer 

recrystallises in a coarse grain size upon t^ing heated to the brazing temperature, 

whereupon diffusion of silicon from the braze to the core is substantially reduced. The 

carefully attuned alloy contents in core layer and barrier layer help give the sandwich 

material good strength properties at, high temperatures after the brazing by 

counteracting recrystslli&ation of the core layer. The material therefore has high fatigue 
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I 

strength and good creep strength at temperatures up to aoO'̂ C. After brazing, the 

sandwich material ĥ s very bood brazed seams. 

' '. M ! ' i ^ ' 
Th^ sandwich material can consist jof a core layer of a first aluminium alloy,and a banier 

layer of a second aliimtnium alloy that is arranged on orie side of the core layer. 

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, i 

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 

I 
Advisedly the barrier layer after heating to the brazing temperature has a recrystallised 

structure with a grain size greater than 50 \im parallel to the rolling surface, which 

minimises penetratiolfi of silicon from braize to the core, which in turn contributes to a 

stronger brazed seam. ' 
i 

\ I 

The bore layer can; h^vei a non-recryst l̂lised or partly recrystallised structure after 

brazing. This structure of the core layer is essential to provide high strength to the 

sandwich material. I 
I 

, 1 
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. 
I 

Advisedly the sandwich material meets the following conditions: 0.4% i 

Csx/100+Ck (lOO-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 barrier layers) is x% of the total thickness of the 

sandwich material after the rolling. If the conditions are fulfilled, one will achieve the 
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I 

desired recrystallisation-inhibi^ing effect in the core layer and prevent the layer from , 

melting during the br'^zing. 

Th^ invention relates! to a method for making a sandwich material for brazing, 

comprising the steps of: | 

- providing a core layer bf ^ ttrst alloy that contains (by wt. %): 0.5-2.0%. preferably 0.8 -

1.8%, most preferably 1.0-1.7% MnL < 0.2% preferably s 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. s 3% 

In, <, 0.2% In, < 0.1% Sn and < 0.7%. preferably S 0.35%. (Fe+Ni). s 1.0%. but for 

brazing under inert gas with flux < 0.3%, most preferat}ly £ 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, S 0.3%, preferably < 0.2% Ti, < 0.2% Zr, £ 0.2%, 

preferably s 0.1% Cu, < 3 % Zn, s 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; 

- railing the layers together so that they adhere and form a sandwich material; 

- heat treating of the Sandwich material at a predetermined temperature and for a 

predetermined time sjo that the Si-content is equalised to 0.4-1% in both core layer and 
i I 

barrier layer; I , 
- rolling the sandwich matep^l to a final thickness. 

The' sandwich material can be rolled into sheet or plates of various lengths with low 

variation in thickness 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. I 
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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 bam'er layer 

on both sides. This creates a sandwich mateî ial that can be brazed on both sides. 

Fijjrther layers of an ̂ aluminium alloy that has special corrosion-protecting properties can 

be arranged pn another surface of the cdre layer so that the core layer is enclosed by a 

barrier layer on one side and a corrosion-protecting layer on another side. 

i 
The biting together of the (ayers is advisedly done by hot rolling at SSC'C - SOC'C. 

The sandwich material is then cold rolled. The degree of cold roiling is chosen based on 

the desired final thicKness and desired prpperties 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 results. 

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 (jlimensions and the particular temperature. 

Advisedly, the material is heated for a time between 1 and 24 houris. Thanks to the heat 

treatment, the so-called interMediate annealing, the internal structure of the sandwich ' 

material is changed po that the entire layer becomes recrystallised, diffusion of silicon 

from the barrier layer} toi th^ core layer results in mangapese separating our in the form 

of Numerous Al-Mn-Si segregations, and the silicon content in the barrier layer is ' 

reduced to 1 % or lower. 

Thei sandwich material finally undergoes further cold working, usually by cold rolling, to 

final thickness. The cegree of final working depends on the desired material properties 

of 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%, o^ 
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the final thickness. During the cold working, the Internal structure of the material is 

altered arwJ 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 Al-Mn-Si 

segregations. The tow red.uction degree of the cold working also lets the grain size in the 
. , 1 I 

b£|rrier layer become large when this recrystallises upon heating to the brazing 

temperature. This hinders the penetration of silicon from the braze and the melting of 

barrier layer and con; Idyer. i 

\ 
A barrier layer that is 7,Mnp fhick or more provides excellent resistance to penetration of 

silicon from the braze if the heating rate durihg the brazing is at least 25''°C/min. 
i • • 

Xhe invention also relates to a process for fabrication of a brazed product comprising the 

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 \im. The 

recrystallised. coarse grain structure in the barrier layer created during the heating to the 

brazing temperature contributes 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 contributes high strength and very good creep 

and fatigue properties, especially at high temperatures up to and including 300'"'C. The ' 

sandwich material iri the brazed product has a core layer with a deformed, non-
I 

recrystallised or parti / r|9crystallised structure, where the sandwich material has a yield 

strength Rpo.2 of at lisast 60 MPa at room temperature. The sandwich material in this 

product has good corrosion I resistance in that the sandwich material has a core layer 

which is more noble tfian the barrier layer and a barrier layer that contains few 

intermetallic particles. 
' i 

j 
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The brazed product is suitably a heat exchanger.. 

The invention also 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 

higfi 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 iri a 

cheaper product with low weight. The low weight is especially advantageous in the case 

when the product is lised in motor vehicl^, since the vehicle's fuel consumption is then 

reduced. i ' , 

Oeta|iled specificatipn of the invention 

The inventors have found a method of making a sandwich material for thin sheet for 

brazing of heat exchangers that I has very high strength as compared to existing 

materials, even at high temperature, very good corrosion properties, and can be made 

with high productivity and high yield. 

Since the barrier layer in thin sheets, such as the rank sheets in heat exchangers, needsj 

to be thick, at least around 7 pm, to provide the desired protection function and therefore 

it takes 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 temperature/time cycle during the brazing. A long time at high 

temperature requires a thicker barrier layer. ' , 

Experiments with rolling of layers of different hardness have shown that the hot rolling 

yield is considerably: imprpyed if the hardness of the layers during hot rolling in the 

temperature range of 350-500 °C does not differ too much. 
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Adhesion between the layers during hot rolling is significantly facilitated if the maximum 

deformation resistance of tf;ie barrier layer during hot rolling in the temperature range of 

359-500 "C does no|l differ too much from the core material's maximum deformation , 

resistance. An oxide-free ajuminium surface is coated very quickly with oxide when it 

makes contact with air.| THielrefore, to achieve adherence, metal surfaces without oxide 

need to be created both on core layer and barrier layer during the rolling, so that metal 

to metal contact is achieved between the layers during the rolling. If barrier layer and 

dore layer have app'oximately the same deformation resistance, 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. 

Thei 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 magriiesium content is too high. A high copper 

content cannot be used in rank sheet that is beir^ brazed to tubes, since it produces a 

high electrical potential which leads to increased corrosion of the tubes. Another way 

would be to add alloying substances that form particles. This is less preferred, because 

the barrier layer is subpbseid to recrystallise in coarse grains when heated to the brazing 

temperature before tlj>e diffusion rate of silicon becomes high, even though it is thin and 

the driving force of reicrystallisation is low. 

Thu^, one problem is to find a composition for the bam'er layer that' provides a 

sufficiently high defoimation resistance during hot rolling and also results in a material 
I 

that recrystaliises in a coarse grain size when heated to the brazing temperature. 

Experiments have shown it is harder to stop silicon from the braze getting into ttie core 

material the finer the grain size in the barrier layer and the thinner the barrier layer.{ 

Thus, the choice of altoying 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. 
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In the present invention the silicon content of the barrier layer is high during the rolling 

process, which pnsduces many particles and much silicon in solution, which gives high 

d^brmation resistance. The silicon content in the core alloy is low during the rolling 

process, whiph gives fewer particles and thus lower deformation resistance. The barrier 

layer should recrystallise prior to hot rolling when heated to the brazing temperature. 

The minimum thickriess of the barrier layer is chosen based on its desired function and 

the r̂ ate of heating cjuring |the brazing. Tlie high density of particfes required in the core 

layer so that it does not recrystallise during the brazing is brought about during the 

aforementioned inte^mediale annealing prior to the final rolling. During this annealing, 

the silicon content of the barrier layer i$ 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. 

i 

As is seen, it is important to' accurately select the alloying material and balance the ' 

alloying content in core layer and barrier layer so as to obtain a sandwich material that 

has good strength pjropertî s at high temperatures an^ can be worked by rolling with 

higl'i productivity and good yield. What follows is a description of the effect of individual 

alloying elements in the sandwich material. 
, ' M ' I • 

Silicon makes a contribution toi the deformation resistance, especially at high 

deformation rates. Jbe silicon content of the core layer prior to the intermediate 

annealing, which is Supposed 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 rollir>g equal tp 

the deformation resistance in the core layer and contribute to separation of manganese 
I 
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in numerous particles in the core layer during intermediate annealing before rolling to the 

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 th€ barrier layer before the 

heat treatment designed to even out the silicon 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. 

r 
Magnesium increases the material's strength by solution hardening if it is present in solid 

solution or by forming f^gjSi segregations upon ageing.iMagnesium moreover increases 

the deformation resistance during rolling at high temperature, which means it can be 

Msed advantageously iri t^,barrier layer. 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 

moi'eover there is a risk of melting of the material at the brazing temperature, which 

pauses the magnesium content of the core layer to be limited to 1.0 wt. percent. During 

inert gas brazing witn flux, magnesium reacts with the flux, which reduces the ability to 

braze. The ability to braze is reduced with increasing magnesium content. Magnesium in 

the core layer diffuses out into the barrier layer upon heat treatment and brazing. The 

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 most common brazing method â  present -

inert gas brazing with flux -i the barrier layer should not have higher content of 

magnesium than aroiiind 0.3 wt. percent, since magnesium has a negative effect on the 

function of thd flux. The pnagnesium content in the barrier layer should therefore be s 0.3 

wt. percent, preferably £ 0.05 wt. percent, if the material is to be used for inert gas 

brazing with flux. Higner consents of magnesium than 0.3 wt. percent can be tolerated if 

the material is to be v^ctliuni orazed. '•. 
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Zinc is used to iow^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 

used in the core and barrier layers. 

Zircpontum 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 AlsZr particles, which particles 

will prevent recrystallisation and produce large grains in the material after brazing. Since 

the AljZr particles are stable even at very high temperatures, over 300 "C, thley increase 

thp fatigue and creep strencjth at high temperatures. Above 0.3 wt. percent, coarse 

segregations are formed, which negatively impact the formability of the material. 

Preferably, the Zr content in the core layer is limited to 0.2 vA. percent. Since Zr helps 

incl'ease deformaticin resistance, the choice of Zr-content in the core layer is a 

compromise betweeh the negative effect of increased deformation resistance during the 

rolling and the positive effects of increased recrystallisation inhibiting during brazing and 

increased strength ifi the brazed Iproduct. 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 recrystallise' during brazing and provides the desired protection against silicon 

intrusion. 

I 
Titanium increases the strength and can be present in up to 0.3 wt. percent in the core 

layer. In the barrier layer, 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 t>e used to increase the deformation resistance of the 

bamer layer during rolling at high temperature. i 

Manganese in solid ^lution increases the strength, deflection resistance, and corrosion 
I 

hardness. Manganesle in segregations increases the strength. Manganese with suitable 

heajt treatment at temperatures under 500 "C forms small segregations, so-called 

dispersoids, with m^ans diameter of less than 0.5 iim, which increase deflection 

resistance, inhibits recryistallliisation during brazing, and increases the strength at low and 
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high' temperature. Thcj n^anganese coritent in the core layer' should l>e 0.5-2.0%. 

preferably 0.8 - 1,8%, most preferably 1.0 - 1.7%. In the barrier layer, the manganese + 

chromium content sjhould not exceed 0.2 wt. percent, since the barrier layer must 

recrystallise at the brazing temperature. , 

Iron and nickel have a negative effect on corrosion resistance and to an even higher 

degree on resistance to deflection, intrusion of silicon from the braze material, and 

reoystaliisation of the core jayer. This is 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 content is 0.10 -!- 0.35 wt. percent in the barrier layer. 

Copper in higher content thlan 0.2 wt. percent has the di^dvantage that the barrier layer 

carl become more noble that tubes and other critical parts of the heat exchanger, which 

from |a corrosion stanjdpoint causes an unwanted electrical potential gradient. Therefore, 

the copper content in the core and barrier layer should not exceed 0.2 wt. percent, 

preferably not exceed 0.1 wt. percertt. 

Chromium, like zirconium and manganese, is a so-called dispersoid former at low 

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 sun^ 

of the manganese and chromium contents should rK>t exceed 0.2 wt. percent since the 

barrier layer has to recrystallise at the brazing 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 and £ 0.1% 

for tin. 
11 
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1' 
List of figures 

Figure 1 shows the j silicon and manganese content as a function of the depth from the 

plate's surface to it̂  middle in a sandwich material according to,the invention with core 

alloy 1 and barrier layer alloy 2 per Exaniple 1 after intermediate annealing and rolling to 

0.07 mm. The silicon and marlganese concentration were measured by energy-

dispersive spectroscopy in a scanning electron microscope, pointwise at various depths 

in a longitudinal section of the sandwich 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. | 

I 

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. • i 

Figure 3 shows th6 microstructure in a section through a seam fonmed when the 

sandwich material ol the invention with core alloy 1 and 10% of the thickness of barrier 

laypr 2 on each side is formed into a so-called rank and brazed to a tube of a sandwich 

material consisting of an AI-Mn-alloy with an intermediate layer of pure aluminium and a 

braze layer of an alumi^iuhi'alloy with 10% Si. The sandwich material was rolled with a 

reduction corresponding to 16%i of the starting thickness between intermediate 

annealing and brazind. 

Figure 4 shows a picture of the sandwich material of the invention, taken in a scanning 

electron microscope in so-called "back scatter rrKxle'. The picture shows the grairi 

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 hasi recrystailised in a coarse grain size. 
I 
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I 

Figure 5 shows a comparison of the strength variation with temperature for d sandwich 

material per Example 2 versus' the strength of a standard alloy for ranks. ' 

! 

Figure 6 shows a c<)mpari'̂ on of the fatigue strength yariation with temperature for a 

san'dwich material of the invention per Example 2 versus the corresponding property for ' 

a standard alloy for ranks. 

Figure 7 shows a comparison of ihe creep strength variation with temperature for a 

sandwich material of the invention per Example 2 versus the corresponding property for 
I 

a standard alloy for r^nks. 

Examples I 

The following examples describe the results of experiments carried out with sandwich 
I 

material according to the invention as compared to standard material. 

Example 1: 

Sandwich material according to the inventior*! was made by joinirig together plates of 

banier layer alloys and plate^ of core layer alloys by rolling. The composition of the , 

various layers is shovyn in Table 1. The core layer was provided with plates of the barrier 

layer on each side, where tfp^ barrier layer on each side constituted 10%, 15% or 20% of 

theitotal thickness. 1he layer was first heated to 480 ^C for 2 hours. The rolling was 

done with no adhesion prol|>lems. The variation in thickness over the surface of the 

plates was less than |l°4- Th^ sandwich material was then rolled Until the thickness was 

0.09 mm. The sandwich plates were soft-annealed so that they recrystallised entirely 

and the silicon content was the same on average in both core and barrier layer, see Fig. 

1. After this, the sandwich material was rolled with various thickness reductions from 5 % 

up to 25% of the starting thickness. 
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Table 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 
I 

^ J ^ ^ 
Core alloy 3 d.09 0.15 0.6, <0.01 —r-̂  -— 
Barrier layer 1 ?.0 0.17 <:0.01 <0.01 

j 1 ^ 
BarH9rlayer2 4.2. , ,0.17 <0.pi <0.01 

I Li I I 11 
I i ^ 

A piece of the sandvjî ich material was suspended vertically in a furnace vvitf> nitrogen gas 

atmosphere and sjbjected to a heati 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 was 

larger than 50 Mm before reaching a temperature of 550 "C. See an example in Fig. 4. 

The strength of the sandwich material depends on the degree of reduction t>efore the 

brazing simulation. Table 2 gives some exarr^ples. 
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Table 2. Yield strength. Rpoj. for a 0.06^.085 mm thick' sandwich material after 

simulated brazing. The roll reduction Is indicated In % of the thickness before th|e 

rolling. 
I 1 •• 1 , , 

Roll reduction 
Rpoj 

before brazing 
(MPa) 

(%) 
^ 40~ 

I 12 50 
Core 1 * 20% of barrier layer 1 

~ 17 62 
,, 25 38 

j • 5 ' —42 

I 10 54 
Core 1 -•-10% of barrieir layer 2 

I 1 T'I I 18 • • 71 
I 25 40 

6 ~ 42 

' 11 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 

26 35 , 

I 

Thle yield strength, Rbo.2. for certain combinations after the brazing simulation, is as high 

as 60-70 MPa at riom temperature, which should be compared with 40 MPa for 

starpdard alloys for inlert gas brazed heat exchangers such as EN-AW 3003. The reason 

is that a dense quantity of jdispersoids is formed during annealing, see Fig. 2, which 

togetner with the low (̂ efcbnination degree during rolling allowed the core material to 

partly retain a deformed structure. ^ 
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Th^ sandwich material was brazejd in inert gas after fluxing against a 0.,40 mm thick, 

braze-plated tube. The brazed seams between the sandwich material and the tut)e 

exhibited good fillin<) if the degree of reduction during the rolling before the brazing was 

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

I 
Example 2 

A skndwich materiaf 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 

Talble 3. Figure 5 shows the static strength variation with test temperature. Figures 6 and 

7 illustrate fatigue land creep strength,' respectively, at different temperatures. The 

figures show that tfje sandwich material has superior' properties as compared to the 

standard material ai room jtemperature and elevated temperature in terms of static 

strength, such as iatigvf and creep. I 

Table 3 Alloy composiiion after braze-simulating heat treatment, wt. %. 

~ [Si iFe TCu [Mn iSig [Zr [ r i I Other 

elements 

, of each 

Sandwich material 

Core layer 0.5 0.3 < 0.02 1.6 0.2 0.1 0.04 < 0.02 

Barrier layer 0.1 0.3 < 0.02 < 0.02 0.2 <0.02 0.1 <0.02 

Standard material oTJ "ois "Ol Tz < 0.02 <0.02 < 0.02 < 0.02 

EN-AW 3003 I 
I 1 1 1 1 1 1 L-^ \ ^ 1 

Example 3: 

Deformation resistance was measured for several different alloys per Table 4. 

Specimens were tak<!n frorn ingots of the alloys and heat treated at 500 "C for 8 hours. 
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Oeformationi resistance wa^ measured as the maximum force per unit of cross section 

arpa needed to defomi cylinders of 21 mm height and 14 mm diameter. Circular grooves , 

0.2 mm deep and p.75 mr|n wide had been cut out at each end of the cylinders at a 

distance of 2 mm fî on) e^dh other. Theicylinders were heated to the test temperature 

and deformed at a deformation rate of 2 s' to at least 50% height reduction. Boron 

nitride was used as ubricant. 

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

Table 4 Deformation resistance at 480'"'C. 

Allby Oeformation resistance 

at 480«''C 

(MPa) 

AI-0.2%Fe-0.1%Si 25 

AI-0.2%Fe-4%Si ^ 32 

AI^.2%Fe-1.5%Mn-0.07%Si 40 

AI-0.2%Fe-1.5%Mn-i>.8%Si Ho 
I J—, —1 p j 

I 

As shown by table 4; the ddformation resistance for the alloy AI-0.2%Fe-0.1 %Si is only 

36% of the deformatiori r^si'stance for th^ alloy AI-0.2%Fe-1.5%Mn-0.8%Si. By raising 

the silicon content to 4% in the first mentioned alloy and reducing the silicon content to 

0.07% in the second alloy, the ratio in deformation resistance is increased to 80%, which 

Should significantly facilitate adhesion and improve the yield during rolling at 460 "C. 

Thus, by heat treatment at high temperature of a sandwich rfiaterial according to the 

invention with a core layer of AI-0.2%Fe-1.5%Mn-0.07%Si and a banier 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 AI-0.2%Fe-1.5%Mn-0.8%Si and the alloy 

in the barrier layer will become similar to AI-0.2%Fe-0.8%Si, which should give the 

desired properties in terms of inhibiting recrystallisation in the core layer, and a barrier 

layer effect and good corrosion hardness in th^ barrier layer. 
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