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Fig. 4. Vickers microhardness as 2 fancton of agmg dme for
A2 wits S {open sguares, from Fef [2]) and A2 wiBs
W02 wt% Sc (olid squares) at {3} 300 °C and {b) 350 °C.
The dashed lines comespond to the cuves for the A1-0.2 wi%s
Sc alioy manslated npward by 220 MPa.
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Fig. 3. Microhardness of a 134 mm diameter Al-0.4 1% S¢ all
vs. annealing time at various temperatures.
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Fig. 5. Micrwhardness of Al-04% Sc¢ ulloy (1) and Al-0.4% 8¢
0.15% Zr alloy (2) ingots v annealing time ut 350°C.



Ej;:gDST Higher Strength in AIMgSc-Alloys
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EADS Scalmalloy® - Portfolio !

Hypereutectic AIMgScZrMn-Alloys (since 2003)

Mg-content: 1,80 - 4,30% (higher Mg-contents are possible)
Sc-content: 0,70 - 1,40%
Zr-content: 0,22 -0,55%

Mn-content: 0,30-0,70%

=2>»Sc/Zr~2:1

=> Mg-content < 3,30% (in order to maximize corrosion resistance)

=> In the designation: ScalmalloyX® =» X relates to the Sc-content

30.09.2008 11th International Conference on Aluminium Alloys (ICAA11), Aachen, 2008 9



(D + Scalmalloy® <> Rapid solidification




DS+ Scalmalloy® <> Rapid solidification
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EADS Scalmalloy® <> Rapid solidification
Video

Source RSP Technology
30.09.2008 11th International Conference on Aluminium Alloys (ICAA11), Aachen, 2008 12



T Scalmalloy®
L\ From Melt =» Material (Profiles)

Scalmalloy0.7 (AIMg4,35c0,7Zr0,3Mn0,5)  Scalmalloy1.25 (AIMg3,95¢1,257r0,55Mn0,7)

Aging response (300°C/8h): Aging response (300°C/8h):
as melt spun 117 HVO0.05 as melt spun 192 HVO0.05
Aged: 157 HVO0.05 aged: 212 HV0.05

Scalmalloy0.7 - flakes: Oxide layer (ESCA) = 25 nm, consisting of Al,O; and MgO (Spinell)
(after about 4 weeks of handling (transport & storage)

30.09.2008 11th International Conference on Aluminium Alloys (ICAA11), Aachen, 2008 13
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EADS Scalmalloy® Strength Evolution !

Tensile strength of Scalmalloy 0.7 - 1.25 - 1.4 profile material
(mean values), extrusion temperatures 320 - 350°C
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=> High strength & ductile material with exceptional high notch toughness =>

low density (p = 2,65 g/cm?®) => very good tensile length and notched fatigue
30.09.2008 11th International Conference on Aluminium Alloys (ICAA11), Aachen, 2008 15



EADS

+ Scalmalloy® Yield Strength Estimation

AlMg4,35¢0,7Z2r0,3Mn0,5 L

Strength gain (MPa)
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Strength evolution in extruded AIMgSc alloys (0 < Sc < 1,0wt%)
(=> 0,1wt% Sc = ca. 45 MPa strength increase)
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~+ Scalmalloy® Yield Strength Estimation
DS  AIMg4,35¢0,7Zr0,3Mn0,5

Strength evolution in extruded AlMg-type alloys (0 < Mg < 5%) (annealed
temper (extruded in temperature range 300 - 350°C))

350

300

N
A
o

N
(=
o

150

100

UTS and Yield strength (MPa)

135 MPa <=

1 1,5 2 2,5 3 3,5 4

Mg content




+ Scalmalloy® Yield Strength Estimation

EADS  AIMg4,35¢0,7Zr0,3Mn0,5

Strength evolution in extruded AlMgSc alloys (0 < Sc < 1,0wt%)

(=> 0,1wt% Sc = ca. 45 MPa strength increase)
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Strength capabilities of
AlMg4,35¢c0,7Zr0,3Mn0,5:

UTS = 500 MPa

YS =450 MPa

A>15%
Easy UTS approximation via HB
=» Factor = 3,5 !

UTS and Yield strength (MPa)

Strength evolution in extruded AlMg-type alloys (0 < Mg < 5%) (annealed

temper (extruded in temperature range 300 - 350°C))
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S  Scalmalloy® physical Strength Evolution

Scalmalloy®
=» Unique combination of strength & notch toughness by ultra fine (“nano-
sized” (2 — 4 nm)) micro structure of coherent Al;Sc (and Al;Sc Zr, ) phases
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EADS Scalmalloy® Corrosion Behaviour I

(IGC test ASTM G67 (sensitize 150°C/250 h)
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=>Scalmalloy® with adjusted Mg-content is obviously immune against
IGC compared to established 5xxx alloys and allows applications with

temporarily exposures between 75 - 250°C
30.09.2008 11th International Conference on Aluminium Alloys (ICAA11), Aachen, 2008 21




EADS_:- Scalmalloy® Material Processing

(i.e. Welding)
Harteverlauf
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AlMgSc allows converting
~under-matched" weld zone T
into ,over-matched" weld zone
by selected post weld heat
treatments at 300 - 325°C (= 07
stress relief and final shaping
possibility) !!
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@7“5' Scalmalloy® New Designs \
=>» higher Performance |
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EADSI_:_ Scalmalloy® Challenges < Limits

Next targets:

1. Improvements of the melt-spin rapid solidification process &
process chain (strength window 450 — 750 MPa)

2. Ongoing material assessment (static — dynamic - corrosion)

3. Extending the thermal working window limits (375°C =» 400 -
425°C) = improved alloying i.e. Zr + Hf (?)

4. Clarification of melting anomalies when Sc + Zr amounts exceed
2,5 wt% (“colloid melts")

5. Overcome current extrusion limits (i.e. hydro-static extrusion or
allow higher overall extrusion temperatures)

6. Evolution of Sc master alloy price (s.a. “red mud deposits")

30.09.2008 11th International Conference on Aluminium Alloys (ICAA11), Aachen, 2008 24



;+ Scalmalloy® Challenges < Limits |
=> Improved Melt-spin Processing v\

€

Al Mg3,6 Sc1,4 Zr(Q,2

M as cast

W300°C/2h

L[ - I [ [ w300°C/38hm
Collaboration
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