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ALUMINUM-ZINC-MAGNESIUM-SCANDIUM ALLOYS AND
METHODS OF FABRICATING SAME

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/648,775 filed February 1, 2005, which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to 7XXX series aluminum-zinc-magnesium
alloys containing scandium, and more particularly relates to Al-Zn-Mg-Sc alloys having
controlled amounts of alloying additions such as Ag and Sn. The alloys possess favorable
properties such as good corrosion resistance, high strength, and improved fabrication
characteristics, including the ability to be extruded at relatively high temperatures and very

high extrusfon rates.

BACKGROUND INFORMATION

[0003] Various types of aluminum-scandium alloys have been proposed. For
example, U.S. Patent No. 4,689,090 to Sawtell et al. discloses Al-Mg-Sc alloys which are
said to possess improved superplastic forming properties.

[0004] U.S. Patent No. 6,524,410 to Kramer et al. discloses 7XXX Al-Zn-Mg-Mn-Sc
alloys useful as extruded bicycle tubing. However, welded structures fabricated from these
alloys can be susceptible to stress corrosion cracking, which is a problem associated with
many 7XXX alloys.

[0005] U.S. Patent Nos. 5,597,529 and 5,620,652 to Tack et al. disclose aluminum-
scandium alloys such as 7XXX Al-Zn-Mg-Mn-Cu-Sc alloys useful as recreational, athletic,
aerospace, ground transportation and marine structures. These Cu-containing alloys suffer

from susceptibility to general corrosion and may exhibit poor weldability in some cases.

SUMMARY OF THE INVENTION

[0006] The present invention provides aluminum-zinc-magnesium-scandium alloys

containing Ag and/or Sn alloying additions. The Al-Zn-Mg-Sc-Ag/Sn alloys can be provided
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in various product forms such as extrusions, forgings, plate, sheets and weldments. The
alloys may be fabricated utilizing high deformation rates, such as high extrusion rates.

[0007] An aspect of the present invention is to provide a wrought aluminum alloy
comprising from 0.5 to 10 weight percent Zn, from 0.1 to 10 weight percent Mg, from 0.01 to
2 weight percent Sc, at least 0.01 weight percent of at least one alloying addition selected
from Ag and Sn, and the balance aluminum and incidental impurities, wherein the Ag
alloying addition comprises up to 1 weight percent and the Sn alloying addition comprises up
to 0.5 weight percent of the alloy.

[0008] Another aspect of the present invention is to provide a method of working an
aluminum alloy. The method comprises providing an aluminum alloy comprising from 0.5 to
10 weight percent Zn, from 0.1 to 10 weight percent Mg, from 0.01 to 2 weight percent Sc, at
least 0.01 weight percent of at least one alloying addition selected from Ag and Sn, and the
balance aluminum and incidental impurities, wherein the Ag alloying addition comprises up
to 1 weight percent and the Sn alloying addition comprises up to 0.5 weight percent of the
alloy; and working the alloy to form a wrought product such as an extrusion, forging, rolled
plate, rolled sheet or the like.

[0009] These and other aspects of the present invention will be more apparent from

the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[00010] Fig. 1 is a plot of hardness versus aging time for Al-Zn-Mg-Mn-Sc alloy
extrusions. One of the hardness plots corresponds to an Ag-containing alloy (7X2X) in
accordance with an embodiment of the present invention which had been extruded at a
relatively high temperature (825°F) and a relatively high extrusion rate (15 feet/minute). The
other hardness plots correspond to an Ag-free alloy (7X0X), one extrusion of which was
subjected to a similar extrusion temperature and extrusion rate, and the other extrusion of
which was subjected to a conventional extrusion temperature (725°F) and extrusion rate (2
feet/minute) typically used for 7XXX alloys. The high extrusion rate Ag-containing alloy
possesses significantly improved hardness in comparison with the other extrusions.

[00011] Fig. 2 is a plot of hardness versus aging time for Al-Zn-Mg-Sc alloy
extrusions. The plot of Fig. 2 includes the same data as shown in Fig. 1, plus hardness plots

for a Cu-containing alloy (7X1X) and a Sn-containing alloy (7X3X), both of which were
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extruded at a conventional extrusion temperature (725°F) and extrusion rate (2 feet/minute)
typically used for 7XXX alloys.
[00012] Fig. 3 shows photomicrographs illustrating the microstructure of each of the

extrusions of Fig. 2.

DETAILED DESCRIPTION

[00013] Table 1 lists typical, preferred and more preferred compositional ranges, and

some particular alloy examples, in accordance with embodiments of the present invention.

Table 1
Compositional Ranges of Al-Zn-Mg-Sc Alloys (Wt.%)
Zn Mg Sc . Ag Sn Cu Mn Zr Ti

Typical 0.5-10 | 0.1-10 | 0.01-2 0-1 0-0.5 0-2 0-1 0-1 0-0.5
Preferred 29 0.5-5 0.02-1 0-0.5 | 0-0.3 0-1 005 | 0-0.5 | 0-0.1

More 4-7 1-3 0.05-0.2 | 0-0.3 | 0-0.2 | 0-0.5 | 0-0.3 | 0-0.2 | 0-0.05
Preferred
Example 1 5.25 2.2 0.12 005 | 0O 0 0.2 0.14 0.01
Example 2 5.25 2.2 0.12 0.1 0 0 0.2 0.14 0.03 -
Example 3 5.25 2.2 0.12 0 0.05 0 0.2 0.14 0.01
Example 4 5.25 2.2 0.12 0 0.1 0 0.2 0.14 0.03

Example 5 5.25 2.2 0.12 0.05 0 0.2 0.2 0.14 0.03
Example 6 5.25 2.2 0.12 0.1 0 0.2 0.2 0.14 0.03

Example 7 5.25 2.2 0.12 0 0.05 0.2 0.2 0.14 0.03
Example 8 5.25 2.2 0.12 0 0.1 0.2 0.2 0.14 0.03
[00014] In accordance with an embodiment of the present invention, Ag is added to Al-

Zn-Mg-Sc alloys in controlled amounts. Silver additions enhance the formation of
strengthening precipitates, particularly inside the grains. Silver facilitates the nucleation of
more and finer precipitates which increases the strength of the alloy and reduces slip step
problems relating to cracking. In addition, silver additions decrease susceptibility to stress
corrosion cracking, making the alloys more suitable for use in applications such as marine
structures, friction stir weldments, aircraft structures, ground vehicles, rail cars and passenger
rolling stock.

[00015] In accordance with an embodiment of the present invention, Sn is added to Al-
Zn-Mg-Sc alloys in controlled amounts. Tin additions enhance the formation of
strengthening precipitates, particularly inside the grains. Tin facilitates the nucleation of

more and finer precipitates which increases the strength of the alloy and reduces slip step

937109v1
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problems relating to cracking. In addition, tin additions decrease susceptibility to stress
corrosion cracking, making the alloys more suitable for use in applications such as marine
structures, friction stir weldments, aircraft structures, ground vehicles, rail cars and passenger

rolling stock.

[00016] Although the use of Ag and Sn alloying additions are primarily described
herein, other alloy additions such as Cd may be used as partial or total substitutes for Ag
and/or Sn.

[00017] In accordance with the present invention, Sc additions inhibit recrystallization,

improve resistance to fatigue and decrease susceptibility to localized environmental attack
(e.g., stress corrosion cracking and exfoliation corrosion) of the alloys. Scandium additions

. have been found to permit higher deformation rates, including the ability to extrude the alloys
at higher temperatures and much higher extrusion rates than possible with conventional
7XXX alloys. Thus, in accordance With the present invention, the addition of Sc has been
found to-permit significantly increased deformation rates during fabrication of the alloys into

various wrought product forms. For example, higher extrusion rates of at least 5, 10 or 12

 feet/minute may be achieved. In addition, hi gher extrusion temperatures of greater than 750,

775, 800 or 825°F may be achieved. This is in contrast with conventional 7XXX alloys
which have traditionally been restricted to extrusion rates of less than 5 feet/minute, and
extrusion temperatures of less than 750°F.

[00018] Magnesium improves the mechanical properties of the alloy by formation of
strengthening precipitates and solid solution strengthening.

[00019] Copper may optionally be added to the alloys in accordance with an
embodiment of the present invention. Copper in relatively minor amounts of from about 0.1
to about 0.5 weight percent may increase strength somewhat and reduce susceptibility to
stress corrosion cracking. However, such copper additions may decrease weldability and
increase susceptibility to general corrosion.

[00020] In one embodiment of the present invention, the Al-Zn-Mg-Sc alloys are
substantially free of Cu, i.e., copper is not purposefully added as an alloying addition to the
alloy but may be present in very minor or trace amounts as an impurity. Furthermore, the
alloys may be substantially free of other elements such as Mn and Cr, as well as any other

element that is not purposefully added to the alloy.
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[00021] Manganese may optionally be added to the present alloys in order to nucleate

grains during solidification and inhibit grain growth and recrystallization.

[00022] Zirconium may optionally be added to the present alloys in order to inhibit
grain growth and recrystallization.

[00023] Titanium may optionally be added to the present alloys in order to nucleate
grains during solidification and inhibit grain growth and recrystallization.

[00024] In addition to the above-noted alloying additions, other alloying elements such

as Hf, Cr, V, B and rare earth elements such as Ce may optionally be added to the present
alloys in total amounts of up to 0.5 weight percent.

[00025] .  The following examples are intended to illustrate various aspects of the
-present invention, and are not intended to limit the scope of the invention. Billets of each of
the alloys listed below in Table 2 were made by weighing out and loading Al (99.99%) and
Al-Zn, Al-Mg, Al-Zr, Al-Cu, Al-Mn'and Al-Sc master alloys into an induction-casting
_furnace for each composition listed in Table 2. The charges were melted and poured into cast
iron molds. After casting the hot tops were removed and the billets were homogenized. After

homogenization the billets were extruded. ' -

- Table 2
Nominal Composition of Al-Zn-Mg-Sc Billets (Wt.%)

Billet | Zn |Mg| Cu | Ti Zr | Mn-| Sc | Ag | Sn | Al
#
1 525(22| - (003014 ]1020)0.12 | -- -~ | bal
2 525|122} -- 1003014 {020]0.12 | -- -- | bal
3 525122} - 1003014020012 ] -- -- | bal
4 525{22| -- [003]0.14 {020]0.12 | -- - | bal
5 52522} - 1003]0.14)020]0.12 | -- -~ | bal
6 525[122| - [003)0.14(020]0.12 | -- -- | bal
7 525(22| -- {001 | 0.14[020]0.12 | -- -- | bal
8 525{22| -- [001]0.14 1020 0.12 | -- -- | bal
9 525(122(020({003]0.14 {020 0.12 | -- -- | bal
10 |525{22] - |0.03{0.14 10.20] 0.12 |0.10 | - |bal
11 525|122 -- |001]0.14 10.20| 0.12 {0.05| -- |bal
12 |525{22] -- {0.03]014]020]|012| -- |0.10 | bal
13 |525[22] - |0.01]014]020]012| -- {0.05 | bal
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[00026] Some of the billets listed in Table 2 were extruded using the parameters shown

in Table 3, then solutionized, water quenched, stretch straightened, and aged for 24 hours at

250°F.

Table 3
Extrusion Parameters for Al-Zn-Mg-Sc Billets
Billet -| Alloy Preheat Breakout | Running Runout Size Comments
# Temperature | Pressure | Pressure Speed (inches)
(°F) (psi) (ps1) (feet/minute
)
10 7X2X 825 12-15 4 x 0.25 | Hot preheat
(Ag) and Fast
5 7X0X 825 3500 2900 15 4 x 0.25 | Hot prebeat
' and Fast
12 7X3X 725 3000 2850 4 4 x 0.25 | Warm and
(Sn) slightly faster
I than “normal”
9 7X1X 725 3300 3000 . 6.7 4 x0.25 | Warm and
(Cu) ' increase
L A speed
1 7X0X 725 3300 2600 2-4 4x0.25 | Warm
preheat.
Started at 4
then slowed
to 2
6 TX0X 725 3500 3000 15 4 x 0.25 | Warm preheat
and Fast
2 7X0X 725 2900 2700 1.5 4 x 0.25 | Surface
blistering
3 7X0X 725 3000 2800 1.5 4x0.25
4 7X0X 725 3200 2900 3 4 x 0.25 | Run faster
[00027] Figs. 1 and 2 are hardness plots versus aging time at 250°F for several of the

extrusions listed in Table 3. Fig. 3 shows photomicrographs for each of the extrusions of Fig.
2. These micrographs show a cross section of the pancaked grain structure that results for the
extrusion process. It is clear from these micrographs that the grain size is finer in the Ag
containing alloy that was extruded hot and fast. |

[00028] Table 4 lists strength and elongation properties in the longitudinal direction (L)
for Billet #’s 10 and 12 in a T6-type temper and a T7-type temper.
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Table 4
Strength and Elongation Properties
Billet# | Temper | YS (ksi) | UTS (ksi) | Elongation (%)

10 T6 79.5 83.3 17.1

T7 69.7 73.8 17.6

12 T6 79.0 82.3 17.2

T7 69.3 73.7 18.0
[00029] In accordance with an embodiment of the present invention, a retrogression

and re-age (RRA) heat treatment may be performed. For example, an extruded Al-Zn-Mg-Sc-
Zr-Ag alloy may be aged using a modified heat treatment schedule designed to control the
distribution of second phase precipitates on the grain boundaries and in the grain interiors,
thereby optimizing strength, ductility, resistance to stress corrosion cracking and toughness.
This treatment utilizes a high temperature exposure to revert the fine strengthening phase
precipitates and coarsen phases on the grain boundaries, followed by reaging to a peak aged
temper. ‘ '
[00030] Whereas particular embodiments of this invention have been described above
for purposes of illustration, it will be evident to those skilled in the art that numerous

variations of the details of the present invention may be made without departing from the

invention.
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CLAIMS:

1. A wrought aluminum alloy comprising from 0.5 to 10 weight percent
Zn, from 0.1 to 10 weight percent Mg, from 0.01 to 2 weight percent Sc, at least 0.01 weight
percent of at least one alloying addition selected from Ag and Sn, and the balance aluminum
and incidental impurities, wherein the Ag alloying addition comprises up to 1 weight percent
and the Sn alloying addition comprises up to 0.5 weight percent of the alloy.

2. The wrought aluminum alloy of Claim 1, wherein the Zn comprises
from 2 to 9 weight percent, the Mg comprises from 0.5 to 5 weight percent, and the Sc
comprises from 0.02 to 1 weight percent of the alloy.

3. The wrought aluminum alloy of Claim 1, wherein the Zn comprises
from 4 to 7 weight percent, the Mg comprises from 1 to 3 weight percent, and the Sc
comprises from 0.05 to 0.2 weight percent of the alloy.

4. The wrought aluminum alloy of Claim 1, wherein the alloying addition
is Ag and is present in an amount of from 0.01 to 1 weight percent of the alloy.

5. The wrought aluminum alloy of Claim 1, wherein the alloying addition
- is Ag and is present in an amount of from 0.02 to 0.5 weight percent of the alloy.

6. The wrought aluminum alloy of Claim 1, wherein the alloying addition
is Ag and is present in an amount of from 0.03 to 0.3 weight percent of the alloy.

7. The wrought aluminum alloy of Claim 1, wherein the alloying addition
is Sn and is present in an amount of from 0.01 to 0.5 weight percent of the alloy.

8. The wrought aluminum alloy of Claim 1, wherein the alloying addition
is Sn and is present in an amount of from 0.02 to 0.3 weight percent of the alloy.

9. The wrought aluminum alloy of Claim 1, wherein the alloying addition
is Sn and is present in an amount of from 0.03 to 0.2 weight percent of the alloy.

10.  The wrought aluminum alloy of Claim 1, further comprising up to 1
weight percent Mn.

11. The wrought aluminum alloy of Claim 10, wherein the Mn is present in
an amount of from 0.01 to 0.5 weight percent of the alloy.

12. The wrought aluminum alloy of Claim 10, wherein the Mn is present in
an amount of from 0.02 to 0.3 weight percent of the alloy.

13. The wrought aluminum alloy of Claim 1, wherein the alloy is

substantially free of Mn.
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14.  The wrought aluminum alloy of Claim 1, further comprising up to 1
weight percent Zr and up to 0.5 weight percent Ti.

15. The wrought aluminum alloy of Claim 1, further comprising from 0.01
to 0.5 weight percent Zr and from 0.01 to 0.1 weight percent Ti.

16.  The wrought aluminum alloy of Claim 1, further comprising up to 2
weight percent Cu.

17.  The wrought aluminum alloy of Claim 16, wherein the Cu is present in
an amount of from 0.05 to 1 weight percent of the alloy.

18.  The wrought aluminum alloy of Claim 16, wherein the Cu is present in
an amount of from 0.1 to 0.5 weight percent of the alloy.

19. The wrought aluminum alloy of Claim 1, wherein the alloy is
substantially free of Cu.

20.  The wrought aluminum alloy of Claim 1, wherein the alloy is .
‘substantially free of Cr.

21.  The wrought aluminum alloy of Claim 1, wherein the alloy is in the
form of an extrusion.

22. A method of working an aluminum alloy, the method comprising:

providing an aluminum alloy comprising from 0.5 to 10 weight percent
7n, from 0.1 to 10 weight percent Mg, from 0.01 to 2 weight percent Sc, at least 0.01 weight
percent of at least one alloying addition selected from Ag and Sn, and the balance aluminum
and incidental impurities, wherein the Ag alloying addition comprises up to 1 weight percent
and the Sn alloying addition comprises up to 0.5 weight percent of the alloy; and
working the alloy to produce a wrought product.

23.  The method of Claim 22, wherein the alloy is worked by rolling.

24.  The method of Claim 22, wherein the alloy is worked by forging.

25.  The method of Claim 22, wherein the alloy is worked by extruding.

26.  The method of Claim 25, wherein the alloy is extruded at a rate of
greater than 5 feet/minute. ‘

27. The method of Claim 25, wherein the alloy is extruded at a rate of
greater than 10 feet/minute.

28. The method of Claim 25, wherein the alloy is extruded at a rate of

greater than 12 feet/minute.



-10 -
WO 2006/083982 PCT/US2006/003595

29.  The method of Claim 25, wherein the alloy is extruded at a temperature

of greater than 750°F.

30.  The method of Claim 25, wherein the alloy is extruded at a temperature

of greater than 775°F.

31. The method of Claim 25, wherein the alloy is extruded at a temperature

of greater than 800°F.

32.  The method of Claim 25, wherein the alloy is extruded at a temperature

of greater than 825°F.

33.  The method of Claim 25, wherein the alloy is extruded at a rate of
greater than 5 feet/minute and a temperature greater than 750°F.

34.  The method of Claim 25, wherein the alloy is extruded at a rate of
greater than 10 feet/minute and a temperature greater than 775°F.

35.  The method of Claim 25, wherein the alloy is extruded at a rate of
greater than 12 feet/minute and a temperature greater than 800°F.

36.  The method of Claim 25, wherein the alloy is extruded at a rate of

greater than 12 feet/minute and a temperature greater than 825°F.
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