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WO 00/47789 PCT/EP99/00939

Aluminium alloy containing aluminium and silicon

The invention relates to aluminium alloy containing 0,5 - 2,5 % by weight of an alloying
mixture of magnesium and silicon, the molar ratio of Mg / Si lying between 0,70 and 1,25, an
additional amount of Si equal to approximately 1/3 of the amount of Fe, Mn and Cr present
in the alloy in % by weight and the rest being made up of aluminium, unavoidable impurities
and other alloying agents, which alloy after cooling has been submitted to homogenising,
preheating before extrusion, extrusion and ageing, which ageing takes place at final
temperatures between 160 and 220°C.

An alloy of this type has been described in WO 95.06759. According to this publication the
ageing is performed at a temperature between 150 and 200°C, and the rate of heating is
between 10 - 100°C / hour preferably 10 - 70°C / hour. An alternative two-step heating
schedule is proposed, wherein a hold temperature in the range of 80 - 140°C is suggested in
order to obtain an overall heating rate within the above specified range.

It is generally known that higher total amounts of Mg and Si will have a positive effect on the
mechanical properties of the final product, whereas this has a negative effect on the
extrudability of the aluminium alloy. It has previously been anticipated that the hardening
phase in the Al-Mg-Si alloys had a composition close to Mg.Si. However, it was also known

that an excess of Si produced higher mechanical properties.

Later experiments have shown that the precipitation sequence is quite complex and that
except for the equilibrium phase, the phases involved do not have the stoichiometric ratio
Mg.Si. In a publication of S.J. Andersen, et. al, Acta mater, Vol. 46 No. 9 p. 3283-3298 of
1998 it has been suggested that one of the hardening phases in Al-Mg-Si alloys has a
composition close to MgsSis.

It is therefore an object of the invention to provide an aluminium alloy which has better
mechanical properties and a better extrudability, which alloy has the minimum amount of
alloying agents and a general composition which is as close as possible to the traditional
aluminium alloys. This and other objects are obtained in that the ageing after cooling of the
extruded product is performed as a dual rate ageing operation, including a first stage in
which the extrusion is heated with a heating rate above 30°C/hour to a temperature between
100 - 170°C, a second stage in which the extrusion is heated with a heating rate between 5
and 50°C/hour to the final hold temperature between 160 and 220°C and in that the total
ageing cycle is performed in a time between 3 and 24 hours.

CONFIRMATION COPY
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The optimum Mg/Si ratio is the one wher%a all the available Mg and Si is transformed into
MgsSis phases. This combination of Mg and Si gives the highest mechanical strength with
the minimum use of the alloying elements Mg and Si. It has been found that the maximum
extrusion speed is almost independent of the Mg/Si ratio. Therefore, with the optimum Mg/Si
ratio the sum of Mg and Si is minimised for a certain strength requirement, and this alloy will
thus also provide the best extrudability. By using the composition according to the invention
combined with the dual rate ageing procedure according to the invention, it has been

obtained that the strength and extrudability are maximised with a minimum total ageing time.

In addition to the MgsSis phase there is also another hardening phase which contains more
Mg than the MgsSis phase. However, this phase is not as effective, and does not contribute
so much to the mechanical strength as the MgsSis phase. On the Si rich side of the MgsSis
phase there is most probably no hardening phase, and lower Mg/Si ratios than 5/6 will not be
beneficial.

The positive effect on the mechanical strength of the dual rate ageing procedure can be
explained by the fact that a prolonged time at low temperature generally enhances the
formation of a higher density of precipitates of Mg-Si. If the entire ageing operation is
performed at such temperature, the total ageing time will be beyond practical limits and the
throughput in the ageing ovens will be too low. By a slow increase of the temperature to the
final ageing temperature, the high number of precipitates nucleated at the low temperature
will continue to grow. The result will be a high number of precipitates and mechanical
strength values associated with low temperature ageing but with a considerably shorter total
ageing time.

A two step ageing also give improvements in the mechanical strength, but with a fast heating
from the first hold temperature to the second hold temperature there is substantial chance of
reversion of the smallest precipitates, with a lower number of hardening precipitates and
thus a lower mechanical strength as a result. Another benefit of the dual rate ageing
procedure as compared to normal ageing and also two step ageing, is that a slow heating
rate will ensure a better temperature distribution in the load. The temperature history of the
extrusions in the load will be almost independent of the size of the load, the packing density
and the wall thickness' of the extrusions. The result will be more consistent mechanical

properties than with other types of ageing procedures.

As compared to the ageing procedure described in WO 95.06759 where the slow heating
rate is started from the room temperature, the dual rate ageing procedure will reduce the
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total ageing time by applying a fast heating rate from room temperature to temperatures

between 100 and 170°C. The resulting strength will be almost equally good when the slow
heating is started at an intermediate temperature as if the slow heating is started at room

temperature.

Dependent upon the class of strength envisaged different compositions are possible within
the general scope of the invention.

So it is possible to have an aluminium alloy with a tensile strength in the class F19 - F22, the
amount of alloying mixture of magnesium of silicon being between 0,60 and 1,10 % by
weight. For an alloy with a tensile strength in the class F25 - F27, it is possible to use an
aluminium alloy containing between 0,80 and 1,40 by weight of an alloying mixture of
magnesium and silicon and for an alloy with a tensile strength in the class F29 - F31, it is
possible to use an aluminium alloy containing between 1,10 and 1,80 % by weight of the
alloying mixture of magnesium and silicon.

Preferably and according to the invention a tensile strength in the class F19 (185-220 MPa)
is obtained by an alloy containing between 0,60 and 0,80 % by weight of the alloying
mixture, a tensile strength in the class F22 (215-250 MPa) by an alloy containing between
0,70 and 0,90 % by weight of the alloying mixture, a tensile strength in the class F25
(245-270 MPa) by an alloy containing between 0,85 and 1,15 % by weight of the alloying
mixture, a tensile strength in the class F27 (265-290 MPa) by an alloy containing between
0,95 and 1,25 % by weight of the alloying mixture, a tensile strength in the class F29
(285-310 MPa) by an alloy containing between 1,10 and 1,40 % by weight of the alloying
mixture, and a tensile strength in the class F31 (305-330 MPa) by an alloy containing
between 1,20 and 1,55 % by weight of the alloying mixture.

With additions of Cu, which as a rule of thumb increases the mechanical strength by 10 MPa
per 0.10 wt.% Cu, the total amount of Mg and Si can be reduced and still match a strength
class higher than the Mg and Si additions alone would give.

For the reason described above it is preferred that the molar ratio Mg / Si lies between 0.75
and 1.25 and more preferably between 0.8 and 1.0.

In a preferred embodiment of the invention the final ageing temperature is at least 165°C

and more preferably the ageing temperature is at most 205°C. When using these preferred
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temperatures it has been found that the mechanical strength is maximised while the total
ageing time remains within reasonable limits.

In order to reduce the total ageing time in the dual rate ageing operation it is preferred to
perform the first heating stage at the highest possible heating rate available, while as a rule
is dependent upon the equipment available. Therefore, it is preferred to use in the first
heating stage a heating rate of at least 100°C / hour.

in the second heating stage the heating rate must be optimised in view of the total efficiency
in time and the ultimate quality of the alloy. For that reason the second heating rate is
preferably at least 7°C / hour and at most 30°C / hour. At lower heating rates than 7°C / hour
the total ageing time will be long with a low throughput in the ageing ovens as a result, and
at higher heating rates than 30°C / hour the mechanical properties will be lower than ideal.

Preferably, the first heating stage will end up at 130-160°C and at these temperatures there
is a sufficient precipitation of the MgsSis phase to obtain a high mechanical strength of the
alloy. A lower end temperature of the first stage will generally lead to an increased total
ageing time. Preferably the total ageing time is at most 12 hours.

In order to have an extruded product with almost all the Mg and Si in solid solution before
the ageing operation, it is important to control the parameters during extrusion and cooling
after extrusion. With the right parameters this can be obtained by normal preheating.
However, by using a so-called overheating process described in EP 0302623, which is a
preheating operation where the alloy is heated to a temperature between 510 and 560°C
during the preheating operation before extrusion, after which the billets are cooled to normal
extrusion temperatures, this will ensure that all the Mg and Si added to the alloy are
dissolved. By proper cooling of the extruded product the Mg and Si are maintained solved
and available for forming hardening precipitates during the ageing operation.

For low alloy compositions the solutionising of Mg and Si can be obtained during the
extrusion operation without overheating if the extrusion parameters are correct. However,
with higher alloy compositions normal preheating conditions are not always enough to get all
Mg and Si into solid solution. In such cases overheating will make the extrusion process
more robust and always ensure that the all the Mg and Si are in solid solution when the
profile comes out of the press.
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Other characteristics and advantages will be clear from the following description of a number
of tests done with alloys according to the invention.

Example 1

Eight different alloys with the composition given in Table 1 were cast as @95 mm billets with
standard casting conditions for 6060 alloys. The billets were homogenised with a heating
rate of approximately 250°C / hour, the holding period was 2 hours and 15 minutes at 575°C,
and the cooling rate after homogenisation was approximately 350°C / hour. The logs were
finally cut into 200 mm long billets.

Table 1
Alloy Si Mg Fe Total Si+Mg
1 0,34 0,40 0,20 0,74
2 0,37 0,36 0,19 0,73
3 0,43 0,31 0,19 0,74
4 0,48 0,25 0,20 0,73
5 0,37 0,50 0,18 0,87
6 0,41 0,47 0,19 0,88
7 0,47 0,41 0,20 0,88
8 0,51 0,36 0,19 0,87

The extrusion trial was performed in an 800 ton press equipped with a @100 mm container,
and an induction furnace to heat the billets before extrusion.

The die used for the extrudability experiments produced a cylindrical rod with a diameter of 7
mm with two ribs of 0.5 mm width and 1 mm height, located 180° apart.

In order to get good measurements of the mechanical properties of the profiles, a separate
trial was run with a die which gave a 2 * 25 mm? bar. The billets were preheated to
approximately 500°C before extrusion. After extrusion the profiles were cooled in still air
giving a cooling time of approximately 2 min down to temperatures below 250°C. After
extrusion the profiles were stretched 0.5 %. The storage time at room temperature were

controlled before ageing. Mechanical properties were obtained by means of tensile testing.

The complete results of the extrudability tests for these alloys are shown in table 2 and 3.
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Table 2 Extrusion tests for alloys 1-4
Alioy no. Ram Speed Billet Temperature Remarks
mm/sec. °C

1 16 502 OK

1 17 503 OK

1 18 502 Tearing

1 17 499 OK

1 19 475 OK

1 20 473 OK

1 21 470 Tearing

2 16 504 OK

2 17 503 Small Tearing
2 18 500 Tearing

2 20 474 OK

2 19 473 OK

2 18 470 OK

2 21 469 Small Tearing
3 17 503 Tearing

3 16 505 OK

3 15 504 OK

3 19 477 OK

3 18 477 OK

3 20 472 OK

3 21 470 Tearing

4 17 504 OK

4 18 505 Tearing

4 16 502 OK

4 19 477 OK

4 20 478 OK

4 20 480 Small Tearing
4 21 474 Tearing

For alloys 1-4, which have approximately the same sum of Mg and Si but different Mg/Si

5 ratios, the maximum extrusion speed before tearing is approximately the same at

comparable billet temperatures.
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7
Table 3 Extrusion tests for alloys 5-8
Alloy no. Ram Speed Billet Temperature Remarks
mm/sec. °C

5 14 495 OK

5 14,5 500 Tearing

5 15 500 Tearing

5 14 500 Small Tearing
5 17 476 Tearing

5 16,5 _ 475 OK

5 16,8 476 Small Tearing
5 17 475 Tearing

6 14 501 Small Tearing
6 13,5 503 OK

6 14 505 Tearing

6 14,5 500 Tearing

6 17 473 Tearing

6 16,8 473 Tearing

6 16,5 473 OK

6 16,3 473 OK

7 14 504 Tearing

7 13,5 506 Small Tearing
7 13,5 500 OK

7 13,8 503 Small Tearing
7 17 472 Small Tearing
7 16,8 476 Tearing

7 16,6 473 OK

7 17 475 Tearing

8 13,5 505 OK

8 13,8 505 Tearing

8 13,6 504 OK

8 14 505 Tearing

8 17 473 Small Tearing
8 17,2 474 Small Tearing
8 17,5 471 Tearing

8 16,8 473 OK

For alloys 5-8, which have approximately the same sum of Mg and Si but different Mg/Si
5 ratios, the maximum extrusion speed before tearing is approximately the same at



10

15

WO 00/47789 PCT/EP99/00939
8

comparable billet temperatures. However, by comparing alloys 1-4 which have a lower sum

of Mg and Si with alloys 5-8, the maximum extrusion speed is generally higher for alloys 1-4.

The mechanical properties of the different alloy aged at different ageing cycles are shown in
tables 4-11.

As an explanation to these tables, reference is made to Fig. 1 in which different ageing
cycles are shown graphically and identified by a letter. In Fig. 1 there is shown the total
ageing time on the x-axis, and the temperature used is along the y-axis.

Furthermore the different columns have the following meaning :

Total time = Total ageing time for the ageing cycle.

Rm = ultimate tensile strength ;

Rro2 = Yyield strength ;

AB = elongation to fracture ;

Au = uniform elongation .
All these data has been obtained by means of standard tensile testing and the numbers
shown are the average of two parallel samples of the extruded profile.
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Table 4
Alloy 1 - 0.40Mg + 0.34Si

Total Time fhrs] Rm Rp02 AB Au
A 3 143,6 74,0 16,8 8,1
A 4 160,6 122,3 12,9 6,9
A 5 170,0 137,2 12,6 5,6
A 6 178,1 144,5 12,3 5,6
A 7 180,3 150,3 12,3 5,2
B 3,5 166,8 125,6 12,9 6,6
B 4 173,9 135,7 11,9 6,1
B 4,5 181,1 146,7 12,0 5,4
B 5 188,3 160,8 12,2 5,1
B 6 196,0 170,3 11,9 4,7
C 4 156,9 113,8 12,6 7,5
C 5 171,9 134,7 13,2 6,9
C 6 189,4 154,9 12,0 6,2
C 7 195,0 168,6 11,9 5,8
C 8 199,2 172,4 12,3 54
D 7 185,1 140,8 12,9 6,4
D 8,5 196,5 159,0 13,0 6,2
D 10 201,8 171,6 13,3 6,0
D 1,5 206,4 177,5 12,9 6,1
D 13 2117 184,0 12,5 54
E 8 190,5 152,9 12,8 6,5
E 10 200,3 168,3 12,1 6,0
E 12 207 1 176,7 12,3 6,0
E 14 211,2 185,3 12,4 5,9
E 16 213,9 188,8 12,3 6,6
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Alloy 2 - 0.36Mg + 0.37Si

Rm Rp02
150,1 105,7
164,4 126,1
174,5 139,2
183,1 154,4
185,4 157,8
1750 1350
181,7 146,6
190,7 158,9
195,5 169,9
202,0 175,7
161,3 114,1
185,7 145,9
1974 167,6
203,9 176,0
205,3 178,9
195,1 151,2
208,9 180,4
210,4 181,1
215,2 187,4
219,4 189,3
1956  158,0
205,9 176,2
214,8 185,3
216,9 192,5
221,5 196,9

AB
13,4
13,6
12,9
12,4
12,0

12,3
12,1
11,7
12,5
12,3

14,0
12,1
11,6
12,6
12,0

12,6
12,5
12,8
13,7
12,4

12,9
13,1
12,1
12,3
12,1

Au
7,5
6,6
6,1
4,9
5,4

6,3
6,0
5,5
5,2
5,4

7,2
6,1
5,9
6,0
5,5

6,6
5,9
6,3
6,1
5.8

6,7
6,0
5,8
5,4
5,4
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Table 6
Alloy 3 - 0.31Mg + 0.43Si

Total Time [hrs] Rm Rp02 AB Au
A 3 154,3 111,0 15,0 8,2
A 4 172,6 138,0 13,0 6,5
A 5 180,6 148,9 13,0 57
A 6 189,7 160,0 12,2 5,5
A 7 192,5 164,7 12,6 53
B 3,5 1874 148,9 12,3 6,3
B 4 193,0 160,3 11,5 5,9
B 4,5 197,7 168,3 11,6 51
B 5 203,2 1771 12,4 55
B 6 205,1 180,6 11,7 54
C 4 170,1 127,4 14,3 7,5
C 5 193,3 158,2 13,4 6,2
C 6 207,3 179,2 12,6 6,4
C 7 212,2 185,3 12,9 5,7
C 8 212,0 188,7 12,3 5,6
D 7 205,6 167,5 13,2 6,7
D 8,5 218,7 190,4 12,7 6,0
D 10 219,6 191,1 12,9 6,7
D 11,5 222,5 197,56 13,1 5,9
D 13 226,0 195,7 12,2 6,1
E 8 216,6 183,56 12,6 6,8
E 10 217,2 190,4 12,6 6,9
E 12 221,6 193,9 12,4 6,6
E 14 225,7 200,6 12,4 6,0
E 16 224 4 197,8 12,1 5,9
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Table 7
Alloy 4 - 0.25Mg + 0.48Si

Total Time [hrs] Rm Rp02 AB Au
A 3 140,2 98,3 14,5 8,6
A 4 152,8 114,6 14,5 7,2
A 5 166,2 134,9 12,7 5,9
A 6 173,5 141,7 12,8 5,7
A 7 178,1 147,6 12,3 5,2
B 3,5 165,1 123,5 13,3 6,4
B 4 172,2 136,4 11,8 57
B 4,5 180,7 150,2 12,1 5,2
B 5 187,2 159,5 12,0 5,6
B 6 192,8 164,6 12,1 5,0
C 4 153,9 108,6 13,6 7,7
C 5 177,2 141,8 12,0 6,5
C 6 190,2 159,7 11,9 5,9
C 7 197,3 168,6 12,3 6,1
C 8 197,9 170,6 12,5 5,6
D 7 189,5 145,6 12,3 6,4
D 8,5 202,2 171,6 12,6 6,1
D 10 207,9 178,8 12,9 6,0
D 11,5 210,7 180,9 12,7 5,6
D 13 213,3 177,7 12,4 6,0
E 8 195,1 161,5 12,8 5,9
E 10 205,2 174,1 12,5 6,4
E 12 208,3 177,3 12,8 5,6
E 14 211,6 185,9 12,5 6,3
E 16 217,6 190,0 12,4 6,2
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Table 8
Alloy 5 - 0.50Mg + 0.37Si

Total Time [hrs] Rm Rp02 AB Au
A 3 180,6 138,8 13,9 71
A 4 194,2 155,9 13,2 6,6
A 5 203,3 176,5 12,8 5,6
A 6 210,0 183,6 12,2 5,7
A 7 2117 185,9 12,1 5,8
B 3,5 202,4 161,7 12,8 6,6
B 4 204,2 170,4 12,5 6,1
B 4,5 2174 186,7 12,1 5,6
B 5 218,9 191,5 12,1 5,5
B 6 2224 198,2 12,3 6,0
C 4 188,6 136,4 15,1 10,0
C 5 206,2 171,2 13,4 71
C 6 219,2 191,2 12,9 6,2
C 7 2214 194,4 12,1 6,1
C 8 2244 202,8 11,8 6,0
D 7 213,2 161,5 14,0 7,5
D 8,5 221,5 186,1 12,6 6,7
D 10 229,9 200,8 12,1 5,7
D 11,5 228,2 200,0 12,3 6,3
D 13 233,2 198,1 11,4 6,2
E 8 221,3 187,7 13,5 7,4
E 10 226,8 196,7 12,6 6,7
E 12 227.,8 195,9 12,8 6,6
E 14 230,6 200,5 12,2 5,6
E 16 235,7 207,9 11,7 6,4
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Alloy 6 - 0.47Mg + 0.41Si

Rm Rp02
189,1 144.,5
205,6 170,5
212,0 182,4
216,0 187,0
216,4 188,8
208,2 172,3
213,0 175,5
219,6 190,5
225,5 199,4
225,8 202,2
195,3 148,7
214,1 178,6
227,3 198,7
229,4 203,7
228,2 200,7
222,9 185,0
230,7 194,0
236,6 205,7
236,7 208,0
239,6 207,1
2294 196,8
233,5 199,5
237,0 206,9
236,0 206,5
240,3 214 .4

AB
13,7
13,2
13,0
12,3
11,9

12,8
12,1
12,0
11,9
11,9

14,1
13,8
13,2
12,3
12,1

12,6
13,0
13,0
12,4
11,5

12,7
13,0
12,3
12,0
12,4

Au
7,5
6,6
58
5,6
5,5

6,7
6,3
6,0
5,6
5,8

8,1
6,8
6,3
6,6
6,1

7,8
6,8
6,6
6,6
57

6,4
7.1
6,7
6,2
6,8
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Total Time [hrs]

3

~N O O A

3,5

4,5

0 N O O

8,5
10
11,5
13

10
12
14
16

Alloy 7 - 0.41Mg + 0.47Si

Rm Rp02
195,9 155,9
208,9 170,0
216,2 188,6
220,4 195,1
222,0 196,1
216,0 179,5
219,1 184,4
228,0 200,0
230,2 205,9
2311 2111
205,5 157,7
225,2 190,8
230,4 203,3
234,5 208,9
2354 2134
231,1 190,6
240,3 208,7
241,6 212,0
2443 218,2
246,3 204,2
233,5 197,2
2411 205,8
2446 2147
246,7 220,2
247,5 2216

AB
13,5
13,3
12,5
12,5
11,5

12,2
12,2
11,9
11,4
11,8

15,0
13,1
12,0
12,1
1,8

13,6
11,4
12,5
11,9
11,3

12,9
12,8
11,9
11,8
11,2

Au
6,6
6,4
6,2
5,5
54

6,4
6,1
5,8
6,1
55

7,8
6,8
6,5
6,2
5,9

7,6
6,3
7,3
6,3
6,3

7,6
7,2
6,5
6,3
58
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Alioy 8 - 0.36Mg + 0.51Si

Rm Rp02
200,1 161,8
212,5 178,5
221,9 195,6
222,5 195,7
2246 196,0
222,2 186,9
2245 188,8
230,9 203,4
2311 211,7
232,3 208,8
215,3 168,5
228,9 194,9
2341 206,4
239,4 213,3
239,1 212,5
236,7 195,9
2444 209,6
2471 220,4
246,8 217,8
249,4 223,7
243,0 207,7
2448 215,3
247,6 219,6
249,3 222.,5

250,1 220,8

AB
13,0
12,6
12,6
12,0
12,4

12,6
12,1
12,2
11,9
11,4

14,5
13,6
12,6
11,9
11,9

13,1
12,2
11,8
12,1
11,4

12,8
12,4
12,0
12,5
11,5

Au
7,0
6,2
57
6,0
5,9

6,6
6,1
6,6
6.6
5,6

8,3
7,5
7.1
6,4
5,9

7,9
7,0
6,7
7,2
6,6

7,6
74
6,9
71
7,0
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Based upon these resuits the following comments apply.

The ultimate tensile strength (UTS) of alioy no. 1 is slightly below 180 MPa after ageing with
the A - cycle and 6 hours total time. With the dual rate ageing cycles the UTS values are
higher, but still not more than 190 MPA after a 5 hours B - cycle, and 195 MPa after a 7
hours C - cycle. With the D - cycle the UTS values reaches 210 MPa but not before a total
ageing time of 13 hours.

The ultimate tensile strength (UTS) of alloy no. 2 is slightly above 180 MPa after the
A - cycle and 6 hours total time. The UTS values are 195 MPa after a 5 hours B - cycle, and
205 MPa after a 7 hours C - cycle.' With the D - cycle the UTS values reaches
approximately 210 MPa after 9 hours and 215 MPa after 12 hours.

Alloy no. 3 which is closest to the MgsSis line on the Mg rich side, shows the highest
mechanical properties of alloys 1 - 4. After the A - cycle the UTS is 190 MPa after 6 hours
total time. With a 5 hours B - cycle the UTS is close to 205 MPa, and slightly above 210
MPa after a 7 hours C - cycle. With the D - ageing cycle of 9 hours the UTS is close to 220
MPa.

Alloy no. 4 shows lower mechanical properties than alloys 2 and 3. After the A - cycle with 6
hours total time the UTS is not more than 175 MPa. With the D - ageing cycle of 10 hours
the UTS is close to 210 MPa.

These results clearly demonstrate that the optimum composition for obtaining the best
mechanical properties with the lowest sum of Mg and Si, is close to the MgsSis line on the
Mg rich side.

Another important aspect with the Mg / Si ratio is that a low ratio seem to give shorter ageing
times to obtain the maximum strength.

Alloys 5 - 8 have a constant sum of Mg and Si that is higher than for alloys 1 - 4. As
compared to the MgsSis line, all alioys 5 - 8 are located on the Mg rich side of MgsSi, .

Alloy no. 5 which is farthest away from the MgsSis line shows the lowest mechanical
properties of four different alloys 5 - 8. With the A - cycle alloy no. 5 has a UTS value of
approximately 210 MPa after 6 hours total time. Alloy no. 8 has an UTS value of 220 MPa
after the same cycle. With the C - cycle of 7 hours total time the UTS values for alloys 5 and
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8 are 220 and 240 MPa, respectively. With the D - cycle of 9 hours the UTS values are

approximately 225 and 245 MPa.

Again, this shows that the highest mechanical properties are obtained with alloys closest to
the MgsSis line. As for alloys 1 - 4, the benefits of the dual rate ageing cycles seem to be
highest for alloys closest to the MgsSis line.

The ageing times to maximum strength seem to be shorter for alloys 5 - 8 than for alloys
1 - 4. This is as expected because the ageing times are reduced with increased alloy
content. Also, for alloys 5 - 8 the ageing times seem to be somewhat shorter for alloy 8

than for alloy 5.

The total elongation values seem to be almost independent of the ageing cycle. At peak
strength the total elongation values, AB, are around 12%, even though the strength values
are higher for the dual rate ageing cycles.

Example 2
Example 2 shows the ultimate tensile strength of profiles from directly and overheated billets

of a 6061 alioy. The directly heated billets were heated to the temperature shown in the table
and extruded at extrusion speeds below the maximum speed before deterioration of the
profile surface. The overheated billets were preheated in a gas fired furnace to a
temperature above the solvus temperature for the alloy and then cooled down to a normal
extrusion temperature shown in table 12. After extrusion the profiles were water cooled and

aged by a standard ageing cycle to peak strength.
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Table 12 Ultimate tensile strength (UTS) in different positions of profiles from directly

heated and overheated billets of a AA6061 alloy .

Preheating Billet temperature UTS (front) | UTS (middle) UTS (rear)
°C MPa MPa MPa
Dir. Heated 470 287,7 2926 293,3
Dir. Heated 472 295,3 293,9 296,0
Dir. Heated 471 300,8 309,1 301,5
Dir. Heated 470 310,5 318,1 315,3
Dir. Heated 482 324,3 312,6 313,3
Dir. Heated 476 327,1 334,0 331,9
Dir. Heated 476 325,7 325,0 319,56
Dir. Heated 475 320,2 319,0 318,8
Dir. Heated 476 ' 316,0 306,4 316,0
Dir. Heated 485 329,1 329,8 3174
Dir. Heated 501 334,7 324,3 331,2
Dir. Heated 499 332,6 327,8 3229
Dir. Heated 500 327,8 329,8 318,8
Dir. Heated 505 322,9 322,2 318,1
Dir. Heated 502 325,7 329,1 334,7
Dir. Heated 506 336,0 323,6 311,2
Dir. Heated 500 329,1 293,9 345,0
Dir. Heated 502 331,2 332,6 335,3
Dir. Heated 496 318,8 347,8 294.6

Average UTS and standard deviation 320,8 /13,1 319,6 /14,5 317,6 /13,9
for directly heated billets

Overheated 506 333,3 325,7 331,3
QOverheated 495 334,0 331,9 ~ 335,3
Overheated 493 343,6 345,0 333,3
Overheated 495 343,6 338,8 333,3
Overheated 490 339,5 332,6 327,1
Overheated 499 346,4 332,6 331,2
Overheated 496 332,6 335,3 331,9
QOverheated 495 330,5 331,2 322,9
Overheated 493 332,6 334,7 333,3
Overheated 494 331,2 334,0 328,4
QOverheated 494 329,1 338,8 337,4
Overheated 459 345,7 3374 344,3
Overheated 467 340,2 338,1 330,5
Overheated 462 344,3 3429 331,9
Overheated 459 334,0 329,8 326,4
Overheated 461 331,9 326,4 324,3
Average UTS and standard deviation 337/5,9 334,7/5,2 331,4/5,0

for overheated billets
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By utilising the overheating process the mechanical properties will generally be higher and

also more consistent than without overheating. Also, with overheating the mechanical
properties are practically independent of the billet temperature prior to extrusion. This makes
the extrusion process more robust with respect to providing high and consistent mechanical
properties, making it possible to operate at lower alloy compositions with lower safety

margins down to the requirements for mechanical properties.
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Claims 21

1. Aluminium alloy containing 0,5 - 2,5 % by weight on alloying mixture of Magnesium and

10

15

20

25

Silicon, the molar ratio of Mg / Si lying between 0,70 and 1,25, an additional amount of Si
equal to approximately 1/3 of the amount of Fe, Mn and Cr present in the alloy in % by
weight and the rest being made up of aluminium, unavoidable impurities and other
alloying agents, which alloy after cooling has been submitted to homogenising,
preheating before extrusion, extrusion and ageing, which ageing takes place at
temperatures between 160 and 220°C,characterized in that ,the ageing
after cooling of the extended product is performed as a dual rate ageing operation,
including a first stage in which the extrusion is heated with a heating rate above
30°C/hour to a temperature between 100 - 170°C, a second stage in which the extrusion
is heated with a heating rate between 5 and 50°C/hour to the final hold temperature
between 160 and 220°C and in that the total ageing cycle is performed in a time between
3 and 24 hours.

. Aluminium alloy according to claim 1, characterized in that itcontains

between 0,60 and 1,10 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F19 - F22.

. Aluminium alloy according to claim 1, characterized in that itcontains

between 0,80 and 1,40 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F25 - F27.

. Aluminium alloy according to claim 1, characterized in that it contains

between 1,10 and 1,80 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F29 - F31.

. Aluminium alloy according to claim 2, characterized in that itcontains

between 0,60 and 0,80 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F19 (185 - 220 MPa).

. Aluminium alloy according to claim 2, characterized in that itcontains

between 0,70 and 0,90 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F22 (215 - 250 MPa).
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Aluminium alloy accordingto claim 3, tharacterized in that itcontains
between 0,85 and 1,15 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F25 (245 - 270 MPa).

Aluminium alloy according to claim 3, characterized in that itcontains
between 0,95 and 1,25 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F27 (265 - 290 MPa).

Aluminium alloy according to claim4,characterized in that itcontains
between 1,10 and 1,40 % by weight of the alloying mixture of magnesium and silicon and
that it has a tensile strength in the class F29 (285-310 MPa).

10. Aluminium alloy according to claim4,characterized in that itcontains

11.

12.

13.

14.

15.

16.

between 1,20 and 1,55 % by weight of the alloying mixture of magnesium and silicon
and that it has a tensile strength in the class F31 (305 - 330 MPa).

Aluminium alloy according to any one of the preceeding claims,
characterized in that the molarratio of Mg/ Siis at least 0,70.

Aluminium alloy according to any one of the preceeding claims,
characterized in that the molarratio of Mg/ Siis at most 1,25.

Aluminium alloy according to any one of the preceeding claims,
characterized in that the final ageing temperature is at least 165°C.

Aluminium alloy according to any one of the preceeding claims,
characterized in that thefinal ageing temperature is at most 205°C.

Aluminium alloy according to any one of the preceeding claims,
characterized in that inthe first heating stage the heating rate is at least
100°C / hour.

Aluminium alloy according to any one of the preceeding claims,
characterized in that inthe second heating stage the heating rate is at
least 7°C / hour.
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17. Aluminium alloy according to any one of the preceeding claims,

18.

19.

20.

21.

characterized in that inthe second heating stage the heating rate is at
most 30°C / hour.

Aluminium alloy according to any one of the preceeding claims,

characterized in that atthe end of the first heating step the temperature
is between 130 and 160°C.

Aluminium alloy according to any one of the preceeding claims,

characterized in that the total ageing time is at least 5 hours.

Aluminium alloy according to any one of the preceeding claims,

characterized in that the total ageing time is at most 12 hours.

Aluminium alloy according to any one of the preceeding claims,
characterized in that during the preheating before extrusion the alloy has
been heated to a temperature between 510 and 550°C, after which the alloy has been

cooled to normal extrusion temperatures.



WO 00/47789 PCT/EP99/00939

1/1
210
200 +-
170 D e Ty S : : e :
160 +
150 +- -f mA
@B
v
A D
: . ¢ E
120 SN S—— e : : :
0 120 240 360 480 800 720 840 960

FIG. 1



INTERNATIONAL SEARCH REPORT

Intert nal Application No

PCT/EP 99/00939

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 C22C21/02 €22C21/08

According to {nternational Patent Classitication (IPC) or to both national classification and |PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 C22C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category © | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 95 06759 A (ALCAN INT LTD ;YIU HANG LAM 1-21

(GB); RICKS RICKY ARTHUR (GB); COURT S)

9 March 1995 (1995-03-09)

cited in the application

page 3, line 15 - line 16

page 5, Tline 15 - line 31; figure 6

- / —_

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

* Special categories of cited documents :

considered to be of particular relevance

"E" earlier document but published on or after the internationat
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

"T" later document published after the international filing date

A . s or priority date and not in conflict with the application but
A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

"Y" document of particular retevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

"Q" document refetring to an oral disclosure, use, exhibition or document is combined with one or more other such docu~
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
20 October 1999 04/11/1999
Name and mailing address of the ISA Authorized officer

Fax: (+31-70) 340-3016 Ashley, G

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inter nal Application No

PCT/EP 99/00939

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

X CHEMICAL ABSTRACTS, vol. 128, no. 8,

23 February 1998 (1998-02-23)

Columbus, Ohio, US;

abstract no. 91847,

YATSUKURA, MASASHI ET AL: "High-strength
aluminum-zinc-magnesium-based alloy
material for structure material showing
improved extrusion property and its
manufacture"

XP002119618

abstract

& JP 09 310141 A (NIPPON LIGHT METAL CO.,
LTD., JAPAN) 2 December 1997 (1997-12-02)

A EP 0 302 623 A (NORSK HYDRO AS)
8 February 1989 (1989-02-08)
cited in the application

A PATENT ABSTRACTS OF JAPAN

vol. 1996, no. 10,

31 October 1996 (1996-10-31)

& JP 08 144031 A (FURUKAWA ELECTRIC CO
LTD:THE), 4 June 1996 (1996-06-04)
abstract

1-21

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

armation on patent family members

Interr

nal Application No

PCT/EP 99/00939

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9506759 09-03-1995 AT 169689 T 15-08-1998
AU 680679 B 07-08-1997
Al 7504694 A 22-03-1995
BR 9407462 A 12-11-1996
CA 2169968 A 09-03-1995
DE 69412491 D 17-09-1998
DE 69412491 T 24-12-1998
EP 0716716 A 19-06-1996
JP 9501987 T 25-02-1997
NO 960808 A 28-02-1996
NZ 271423 A 24-11-1997

JP 9310141 02-12-1997 NONE

EP 0302623 08~02-1989 AT 71986 T 15-02-1992
CA 1306928 A 01-09-1992
DE 3867958 A 05-03-1992
Us 4909858 A 20-03-1990
us RE34442 E 16-11-1993

JP 08144031 04-06-1996 NONE

Form PCT/1SA/210 (patent tamily annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

