
AUSTRALIA

P/00008b 12/11/91
Section 29(1) 

Regulation 3.1 (2)

Patents Act 1990

NOTICE OF ENTITLEMENT

We, ALCAN INTERNATIONAL LIMITED of, 1188 Sherbrooke Street West, 

Montreal, Quebec, H3A 3G2, Canada being the applicant in respect of Application 

No. 75046/94 state the following:-

The Person nominated for the grant of the patent har entitlement from the actual 
inventors: Hang Lam Yiu, Ricky Arthur Ricks, and Stephen Anthony Court by way of 

their employment by Alcan International Limited.

The person nominated for the grant of the patent is the applicant of the application 

listed in the declaration under Article 8 of the PCT.

The basic application listed on the request form is the first application made in a 

Convention country in respect of the invention.

ALCAN INTERNATIONAL LIMITED

By our Patent Attorneys,
WATERMARK PATENT & TRADEMARK ATTORNEYS

................................................... '..

Ru.sseHJ..Dayjas
Registered Patent Attorney

May 27, 1997



AU9475046

(12) PATENT ABRIDGMENT (11) Document No. AU-B-75046/94
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance no. 680679

(54) Title
EXTRUDABLE AL-MG-SI ALLOYS

International Patent Classification(s)
(51)6 C22C 021/02

(21) Application No.: 75046/94 (22) Application Date : 30.08.94

(87) PCT Publication Number: WO95/06759

(30) Priority Data
(31) Number (32) Date (33) Country

9318041 31.08.93 GB UNITED KINGDOM

(43) Publication Date : 22.03.95

(44) Publication Date of Accepted Application : 07.08.97

(71) Applicant(s)
ALCAN INTERNATIONAL LIMITED

(72) Inventor(s)
HANG LAM YIU; RICKY ARTHUR RICKS; STEPHEN ANTHONY COURT

(74) Attorney or Agent
WATERMARK PATENT & TRADEMARK ATTORNEYS , Locked Bag 5, HAWTHORN VIC 3122

(56) Prior Art Documents
EP 480402
BE 906107

(57) Claim

1. An extrusion alloy of composition in weight %

Mg 0.25 - 0.40

Si 0.60 - 0.90

Mn 0.10-0.35

Fe up to 0.35

Others up to 0.05 each, 0.15 total

Balance Al.

An extrusion alloy as claimed in claim 1 comprising

Mn 0.10-0.15.

4.



OPI DATE 22/03/95 APPLN. ID 75046/94
AOJP DATE 11/05/95 PCT NUMBER PCT/GB94/01880 ΙΙΙΙΙΙΙΙΙΙΙΙΙΙΙΗΙΙΙΙΙίΙΙΙΙΙΙ

AU9475046 ?CT)

(51) International Patent Classification 6 :

C22C 21/02
(11) International Publication Number: WO 95/06759

(43) International Publication Date: 9 March 1995 (09.03.95)

(21) International Application Number: PCT/GB94/01880

(22) International Filing Date: 30 August 1994 (30.08.94)

(30) Priority Data:
9318041.2 31 August 1993 (31.08.93) GB

(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH, 
5 CN, CZ, DE, DK, ES, FI, GB, GE, HU, JP, KE, KG, KP,

KR, KZ, LK, LT, LU, LV, MD, MG, MN, MW, NL, NO, 
NZ, PL, PT, RO, RU, SD, SE, SI, SK, TJ, TT, UA, US, 
UZ, VN, European patent (AT, BE, CH, DE, DK, ES, FR,
GB, GR, IE, ΓΓ, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TO, TG), 
ARIPO patent (KE, MW, SD).

(71) Applicant (for all designated Stales except US)'. ALCAN
INTERNATIONAL LIMITED [CA/CAJ; 1188 Sherbrooke 
Street West, Montreal, Quebec EDA 3G2 (CA).

(72) Inventors; and
(75) Inventors/Applicants (for US only)·. YIU, Hang, Lam 

[GB/GB]; 13 Osterley Grove, Banbury, Oxon OX16 9LR 
(GB). RICKS, Ricky, Arthur [GB/GB]; "Tredgets", Wroslyn 
Road, Freeland, Oxon OX8 8AQ (GB). COURT, Stephen, 
Anthony [GB/GB]; 23 Twyford Gardens, Twyford, Nr. 
Banbury, Oxon OX17 3JJ (GB).

(74) Agent: PENNANT, Pyers; Stevens, Hewlett & Perkins, 1 
Serjeants’ Inn, Fleet Street, London EC4Y ILL (GB).

Published
With international search report.

(54) Title: EXTRUDABLE Al-Mg-Si ALLOYS 

(57) Abstract

High strength high 
extrudability Al-Mg-Si 
alloys have the composition 
in weight %: Mg 0.25 - 
0.40; Si 0.60 - 0.90; Fe 
up to 0.35; Mn up to 0.35 
preferably 0.10 - 0.25.
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EXTRUDABLE Al-Mg-Si ALLOYS

5
This invention concerns intermediate strength 

extrudable Al-Mg-Si alloys, in the 6000 series of the 
Aluminum Association Register. The dilute Al-Mg-Si 
alloys, with levels of the two primary alloying

10 additions at less than approximately 0.50 wt.%, are 
used extensively in extruded form in many market 
sectors, including architectural (doors, window frames,· 
etc.) and structural applications. These alloys 
generally lie within the AA6063 specification, which

15 has compositional limits for Mg and Si of 0.45 to
0.90 wt.% and 0.20 to 0.60 wt.% respectively. These 
alloys are capable of producing complex sections which 
are readily air quenchable off the press and which may 
be extruded at high exit speeds whilst maintaining a

20 very high quality surface finish; attributes which are 
associated with high extrudability.

In one aspect, this invention is concerned 
with alloys of composition in weight %

25

Fe

Mg 0.25 - 0.4C
Si 0.60 - 0.90
Mn 0.10 to 0.35

up to 0.35
Others up to 0.05 each, 0.15 total
Balance Al.
Reference is directed to Figure 1 of the 

accompanying drawings, which is a compositional plot 
showing the Mg and Si specification ranges for various 
alloys in the Aluminum Association specification. The 
filled circle shows the nominal composition of alloys 
according to the present invention, and the rectangle 
round it corresponds to the above definition. It can be

amended sheet 
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seen that the above defined alloy composition does not 
overlap with any of the AA designated alloys shown.

The alloys of the present invention are high 
excess Si alloys. The nominal composition of these 
alloys (marked by the filled circle in Figure 1) is set 
out in the table below, together with the nominal 
compositions of AA6106 which is an excess Si alloy, and 
of AA6063A which is a balanced alloy. An alloy of 
balanced composition is one in which just enough Si is 
present to combine with all the Mg, Fe, Mn as Mg2Si and 
Al(Fe,Mn)Si.

Nominal Composition

Alloy Si Mg Fe

Invention 0.70 0.35 0.2
AA6106 0.6 0.5 0.2
AA6063A 0.5 0.63 0.2

The alloys of this invention have a number of 
advantages. It should be understood that not all the 
stated advantages are necessarily achieved by all the 
alloys. Also, a particular property may not be an 
improvement on some other alloy. But most of the 
advantages are possessed by most alloys according to 
the invention, and it is this combination that 
represents a significant advance in the art:

Extrusion ingots of the alloys are 
capable of being extruded at relatively high speeds, 
typically around 75% of the maximum extrusion speed of 
AA6063 alloys.
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- The extrusion pressures required are lower 
than for AA6063 alloys, which reduces equipment and 
operating costs.

- The extrusions are air quenchable.
- The extrusions have a surface quality 

which is acceptable for most architectural 
applications .

- By particular means, e.g. the addition of 
Mn as discussed below, the surface quality of the 
extrusions can be made to be better than for any 
related alloy compositions.

- The extrusions are capable of being aged 
to a tensile strength in excess of 240 MPa, often in 
excess of 250 MPa, with acceptable toughness.

- A two-stage or ramped ageing process is 
particularly effective in improving aged properties.

The Mg content of the invention alloy is set 
at 0.25 - 0.40%. If the Mg content is too low, it is 
difficult to achieve the required strength in the aged 
extrusions. Extrusion pressure increases with Mg 
content, and becomes unacceptable at high Mg contents.

The Si content is set at 0.6 - 0.9%. If the 
Si content is too low, the alloy strength is adversely 
affected, while if the Si content is too high, 
extrudability may be reduced. The function of the Si 
is to strengthen the alloy without adversely affecting 
extrudability, high temperature flow stress, or 
anodising and corrosion characteristics.

Fe is not a desired component of the alloy, 
but its presence is normally unavoidable. An upper 
concentration limit is set at 0.35%, and a preferred 
range at 0.15 - 0.35% (because alloys containing less 
Fe are more expensive). In the as-cast alloy ingot, Fe 
is present in the form of large plate-like β-AlFeSi 
particles. Preferably the extrusion ingot is 
homogenised to convert β-AlFeSi to the α-AlFeSi form.
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It is known however that excess Si (over the amount 
required to form Mg2Si) stabilises the β-AlFeSi phase, 
which has a detrimental effect on extrudability and in 
particular on extrusion surface quality. Where

5 extrusion surface quality is important, this problem 
may be avoided by homogenising the extrusion ingot 
under special conditions or by modifying the alloy 
composition.

Mn is included in the alloys in order to 
1θ improve extrusion surface quality. Mn acts to 

accelerate the β to α-AlFeSi transformation during 
homogenisation, so that the resulting homogenised ingot‘ 
has improved extrudability, that is to say improved 
extrusion surface quality. Any Mn addition is

15 beneficial in this way and improvements may be seen 
with additions as low as 0.05% or 0.07%. Above 0.35% 
Mn, further improvements are not seen, or are not 
commensurate with the added cost, and the extrudates 
may show increased quench sensitivity. A preferred Mn 

20 content is 0.10 - 0.25%.

25

30

35

In the age-hardened extrusions, it is 
apparent that some of the Si is present as Mg2Si and 
some more is present as AlFeSi. In preferred 
compositions according to the invention, the excess Si, 
over the amount required to combine with all the Mg and 
Fe present, is at least 0.3%.

An extrusion ingot of the alloy of the 
invention may be made by any convenient casting 
technique, e.g. by a DC casting process preferably by 
means of a short mould or hot-top DC process. The Fe 
is preferably present as an insoluble secondary phase 
in the form of fine β-AlFeSi platelets preferably not 
more than 15 gm in length or, if in the a form, free 
from script and coarse eutectic particles.

The as-cast extrusion ingot is homogenised, 
partly to bring the soluble secondary magnesium-silicon 
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phases into suitable form, and partly to convert 
β-AlFeSi particles into α-AlFeSi particles, preferably 
below 15 pm long and with 90% below 6 pm long.
Homogenisation typically involves heating the ingot at 
550 - 600‘C for 30 minutes to 24 hours, with higher 
temperatures requiring shorter hold times. As noted 
above, optimum homogenisation conditions may depend on 
the presence and concentration of added Mn.

The homogenised extrusion ingot is hot ■ 
extruded, under conditions which may be conventional. 
The emerging extrusion is quenched, either by water or 
forced air or more preferably in still air, and 
subjected to an ageing process in order to develop 
desired strength and toughness properties.

Ageing typically involves heating the 
extrusion to an elevated temperature in the range 
150 - 200'C, and holding at that temperature for 1 - 
48 hours, with higher temperatures requiring shorter 
hold times. A surprising feature of this invention is 
that the response of the extrusion to this ageing 
process depends significantly on the rate of heating. 
A preferred rate of heating is from 10 - 100’C, 
particularly 10 - 70*C, per hour; if the heating rate 
is too slow, low throughput results in increased costs; 
if the heating rate is too high, the mechanical 
properties developed are less than optimum. An effect 
equivalent to slow heating can be achieved by a two- 
stage heating schedule, with a hold temperature 
typically in the range of 80 - 140’C, for a time 
sufficient to give an overall heating rate within the 
above range.

When aged to peak strength, extrusions are 
typically found to have an ultimate tensile strength of 
at least 240 MPa, often greater than 250 MPa, with 
acceptable toughness.

Reference .is directed to the accompanying
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drawings in which:-
Figure 1 (already referred to) is a 

compositional plot showing the Aluminum Association 
specification ranges for Mg and Si for various alloys 
alongside the alloys of the present invention (the 
blank rectangle containing the filled circle).

Figure 2 is a bar diagram showing the effect 
of alloy composition and homogenisation temperature on 
the maximum extrusion pressure of 250 MPa target alloys 
extruded into a 5 x 20 mm section.

Figure 3 is a bar diagram showing the effect 
of alloy composition and homogenisation temperature on 
the surface roughness measurement of 250 MPa target 
alloys extruded into a 5 x 20 mm section.

Figure 4 is a bar diagram showing the effect 
of all^y composition and homogenisation temperature on 
20" gross (reflectivity) measurement of 250 MPa target 
alloys extruded into 5 x 20 mm section.

Figure 5 is a bar diagram showing the effect 
of alloy composition on the mechanical properties of 
250 MPa target alloys, which had been homogenised for 
2 hours at 580’C, extruded into a 5 x 20 mm section, 
forced air quenched, and aged for 7 hours at 175'C. 
The properties were measured at the back of the 
extrusion.

Figure 6 is a graph showing the effect of 
ramp rate to the ageing temperature (5 hours at 185"C) 
on the tensile strength of two dilute 6000 series 
alloys, including a very high excess Si alloy 
containing no Mn and having a composition within the 
scope of the present invention.

Figure 7 is a bar diagram showing surface 
roughness of the alloys extruded in Example 4.

Figure 8 is a bar diagram showing tensile 
properties of the alloys extruded in Example 4.
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EXAMPLE 1
The invention has been tested in the

laboratory. Extrusion trials were carried out using an 
experimental extrusion press, in which the alloys given 

5 in Table 1 below were extruded. These alloys represent 
a low Mg-containing alloy of the invention, with and 
without an addition of 0.12% Mn, together with typical 
AA6063 and AA6106 compositions, again with and without 
an addition of about 0.12% Mn. The nominal alloy 

IO composition of the invention is shown as a filled 
circle in the compositional plot of Figure 1.

Extrusion ingots were DC cast £nd were 
homogenised for 2 hours at 570’C or 580'C. They were 
then hot extruded.

15 Extrusion pressure was recorded, and maximum
extrusion pressure data for the alloys are given in 
Figure 2. Thus, this data shows that the extrusion 
pressure of the alloy type of the invention is 
significantly lower than that of the AA6106 and AA6063A 

2Q alloys. The addition of Mn to the base composition may 
reduce the extrusion pressure still further, but is 
found to be dependent upon the precise homogenisation 
conditions used (see Figure 2).

The surface quality of the extrudate was
25 assessed using both profilometry and Gloss

(reflectivity) measurements, and the data obtained 
using these techniques are given in Figures 3 and 4. 
From Figure 3, it can be seen that the lowest value of 
mean surface roughness (Ra), for a given homogenisation 

30 condition, is produced in extrudate from the optimum 
alloy composition of the invention (the low Mg, Mn- 
containing alloy). The same alloy also gives the 
highest Gloss measurement, again for a given­
homogenisation treatment. Therefore, the alloy of the 

35 invention has been shown to have the best surface 
quality of the alloys evaluated.
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The tensile properties and Kahn tear
toughness of the extrudate from each alloy was 
evaluated following "peak" ageing (7 hours at 175’C), 
and the relevant data are shown in Figure 5. It can be 
seen from this figure that the tensile properties and 
the toughness of the alloy of the invention are 
equivalent to those of the AA6106 and AA6063A alloys.

EXAMPLE 2
An alloy of composition: 0.65Si-0.33Mg-

0.19Fe-0.08Mn was evaluated in extrusion trials. This 
alloy showed reduced extrudability as compared with 
"conventional" AA6060 alloys, but the maximum 
attainable extrusion speed was still relatively high 
(up to «80 m/min) in comparison with AA6063 alloys.
The application of two stage ageing practice to 
extrudate of this alloy showed that the tensile 
properties could be improved significantly as compared 
with material aged "conventionally" (see Table 2) .

EXAMPLE 3
The application of a ramped ageing practice 

to extrusions made of two dilute 6000 series alloys is 
shown in Figure 6, in which the response of the 
extrusions to slow ramp rates is demonstrated. The 
composition of the alloys were:-

Excess Si AA6060 alloy: 0.35 Mg - 0.52 Si - 
0.20 Fe.

Very high excess Si alloy. 0.35 Mg - 0.70 Si
- 0.20 Fe.

EXAMPLE 4
The invention has been tested on a commercial 

scale. Extrusion trials were carried out using 180 mm 
diameter billets. The compositions of the trial alloys 
are given in Table 3.
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Surface quality of the extrusions is shown in 
Figure 7. The experimental alloy of the invention 
gives a "less rough" surface than either of the other 
two alloys.

Tensile properties of the extrusions, after 
ageing to peak strength, are set out in Figure 8. The 
experimental alloy of the invention has properties 
equivalent to the AA6063A alloy, and their tensile 
strength well in excess of 250 MPa with acceptable 
toughness.
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High 
excess Si

Alloy SI Mg Fe Mn

1 0.74 0.34 0.20 —

2 0.73 0.33 0.20 0.12

3 0.58 0.49 0.20 ►

4 0.60 0.49 0.19 0.^'

5 0.49 0.63 0.18 —

6 0.51 0.64 0.19 0.11

Bx^ess SI 
ftu6106

Balanised
AA6063A

Table 1 - Analysed compositions of the alloys cast in the development programme for an 
alloy capable of achieving a tensile strength of ~250MPa.

Table 2 - Tensile properties and Kahn tear toughness of a high excess Si alloy 
(0.65Mg-0.33Mg-0.19Fe-0.08Mn, following "conventional" and ramped ageing.

Ageing Practice 0,2% PS
(MPa)

UTS 
(MPa)

elongation
(%)

Toughness 
(kJ/m2)

185°C (8 hr cycle)
216 245 10.7 —-

3hrsat120°C* 
5hrsat185°C

229 259 10.4 114
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AA6063 0.51 0.43 0.17 0.012 0.024 0.001

AA6063A 0.62 0.51 0.16 0.010 0.032 0.001

Experimental 
Alloy

0.36 0.69 0.19 0.004 0.12 0.001
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

Balance Al.

5 1. An extrusiion alloy of composition in weight %

Mg 0.25 - 0.40

Si 0.60 - 0.90

Mn 0.10-0.35

Fe ' up to 0.35

10 Others up to 0.05 each, 0.15 total

2. An extrusion alloy as claimed in claim 1, wherein the Si

content is more than 0.30% by weight greater than is required to combine 

with all the Mg and Fe present.

15 3. An extrusion alloy as claimed in claim 1 or claim 2 comprising

Fe 0.15-0.35

Mn 0.10-0.25.

4. An extrusion alloy as claimed in claim 1 comprising

Mn 0.10-0.15.

20 5. An extrusion alloy of composition in weight %:

Mg 0.25 - 0.40

Si 0.60 - 0.90 ’

Mn up to 0.35

Fe 0.15-0.35

25 Others upto 0.05 each, 0.15total

Al balance.

6. An alloy as claimed in claim 5, wherein the Si contents is

more than 0.30% by weight greater than is required to combine with all the 

Mg and Fe present.
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7. An alloy as claimed in claim 5 or claim 6, comprising

Mn 0.10-0.35.

8. An extruded section of the following composition in weight %, 

in which Fe is present as a-AIFeSi:-

5 Mg 0.25 - 0.40

Si 0.60 - 0.90

Mn up to 0.35

Fe up to 0.35

Others up to 0.05 each, 0.15 total

10 Al balance.

9. An extruded section as claimed in claim 8 comprising:

Fe 0.15-0.35.

10. An extruded section as claimed in claim 8 or claim 9, 

comprising:

15 Mn 0.10-0.35.

11. An extruded section made by extruding the extrusion alloy of

any one of claims 1 to 7.

12. An extruded section as claimed in any one of claims 8 to 11

which has after ageing an ultimate tensile strength of at least 240 MPa.

20 13. An extruded section as claimed in any one of claims 8 to 12

which has been thermally aged, wherein the rate of heating for ageing was

10- 100’C/hr.

DATED this 27th day of May, 1997.

ALCAN INTERNATIONAL LIMITED

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD
HAWTHORN VICTORIA 3122
AUSTRALIA

SKP:RJD:GL
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0.3SMg-0.75Si C.50Mg-0.60Si 
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Figure 3
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Figure 4
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