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Outline

! Background

" requirements of Al alloys for automotive closure panel and 
structural applications

" recap of some previous work on alloys within this system
#effect of Mg & Cu levels on properties and ageing behaviour
#recovery behaviour

! Brief Summary of Properties

! Characterisation of Precipitation Processes 

! Potential Benefits & Applications



Background

! Aluminium in automotive applications:
" some requirements are:

# good formability
# stability in storage (limited natural ageing)
# in-service strength (response to automotive paint bake cycle)
# acceptable appearance for outer panels (freedom from roping and Lüdering)

" Al-Mg-Si-(Cu) (6xxx) alloys used for closure panel applications 
(inners/outers)

" Al-Mg (5xxx) and Al-Mg-Si-(Cu) (6xxx) alloys used for structural 
applications.

! Published work (eg, Ratchev et al., NKK Corp.) has shown that age 
hardening in the Al-Mg-Cu system may make such alloys suitable for 
automotive applications.
" in general, 5xxx alloys have better formability than 6xxx alloys
" 1.5-5.5 wt.% Mg, 0.3-1.0 wt.% Cu (ie, low Cu:Mg ratio)
" strength retention during paint bake (precipitation ‘offsets’ recovery)



Alloy Mg Cu Fe Mn Si

Al-3Mg-0.2Cu 2.9 0.20 0.21 0.25 0.12

Al-3Mg-0.3Cu 2.9 0.29 0.20 0.25 0.12

Al-3Mg-0.4Cu 3.0 0.42 0.21 0.25 0.12

Al-3Mg-0.5Cu 3.0 0.50 0.11 0.25 0.12

Al-3Mg-0.6Cu 3.0 0.57 0.21 0.25 0.12

Al-4Mg-0.5Cu 4.0 0.51 0.21 0.24 0.13

! Alloys lab cast and hot and cold rolled to 1mm thick sheet
! Solution heat treated at 550°C + Forced Air Quench
! Ageing temperatures of 140-200°C
! Recovery experiments: pre-strains of 5-15%, followed by ageing at 

140-180°C

Previous Work



Alloy
Yield Stress

(MPa)
UTS

(MPa)
Total Elongation

(%)
Bendability

(rmin./t)
Reduction in Area

(%)
Al-3Mg-0.2Cu 89 227 24.5 0 70
Al-3Mg-0.3Cu 92 231 24.7 0 71
Al-3Mg-0.4Cu 94 239 28.3 0 67
Al-3Mg-0.5Cu 88 235 29.2 0 ----
Al-3Mg-0.6Cu 95 244 23.6 0 62
Al-4Mg-0.5Cu 112 275 28.2 0.18 63

* Properties in SHT + Quenched + Naturally Aged for 1 Week Condition

Tensile Properties & Bendability *



(Longitudinal Grain Size)-½ ((µm)-½)
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Effect of Grain Size on Yield Stress
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Effect of Mg on Tensile Properties



Ageing Time at 180°C (hours)
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Log Ageing Time at 180°C (minutes)
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Effect of Time at 180°C on Yield Stress, Following 10% Pre-Strain

Flow Stress After
10% Pre-Strain

Concurrent Recovery/Precipitation in 
AlMgCu Alloys



Alloy Mg Cu Fe Mn Si

Al-2.5Mg-0.5Cu 2.4 0.48 0.11 0.25 0.12

Al-3.0Mg-0.5Cu 3.0 0.50 0.11 0.25 0.12

Al-3.5Mg-0.5Cu 3.4 0.50 0.11 0.24 0.12

Al-4.0Mg-0.5Cu 4.1 0.52 0.11 0.24 0.12

Al-4.5Mg-0.5Cu 4.6 0.52 0.10 0.25 0.13

Al-5.0Mg-0.5Cu 5.1 0.50 0.10 0.24 0.12

! Alloys lab cast and hot and cold rolled to 1mm thick sheet
! Solution heat treated at 550°C + Forced Air Quench
! Ageing temperatures of 140-200°C

More Recent Work



Ageing Time (Hours)
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Rapid Ageing at 140oC

All Alloys Contain 0.5 wt.% Cu



Ageing Time (Hours)
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Brief Summary of Properties

! Alloys of this type offer an excellent balance of relatively low as-
received strength, good formability and a high paint bake strength 
(strength retention).

! Low Mg -containing alloys (eg, 1.5-2.5 wt.% Mg) show increased 
ageing kinetics as compared with higher Mg-containing alloys 
(3.0-4.5 wt.% Mg), for constant level of Cu.

! Alloys show no corrosion issues.
" alloys containing up to 3.0 wt. Mg and up to 0.6 wt.% Cu not 

susceptible to inter-granular corrosion.

! However, the alloys show “stretcher strain” markings (Lüdering) 
and serrated flow.
" limited to non-cosmetic applications, such as structures or inners.



Aging time [hours]As 
Quenched

1 hr 4 hr 8 hr 16 hr 48 hr

180ºC

200ºC

GPB GPB-II

GPB-II + S”phase

Precipitation Processes in a 
Al-3.0Mg-0.4Cu (wt.%) Alloy *

* Al-3.3Cu-0.18 at.%



Potential Benefits & Potential 
Applications

! Relatively high strength levels can be generated in stress corrosion 
resistant alloys (Al-Mg based, with Mg < 3 wt.%) through age 
hardening.
" compare with AA5182 (4.5 wt.% Mg - stress corrosion and inter-

granular corrosion sensitive).

! Alloys offer effective and rapid age hardening at relatively low
temperatures (140-160°C).
" important as the trend is to lower paint bake temperatures in 

automotive, from current 170-200°C to 150-160°C.
" 6xxx alloys age very little at lower temperatures. 

! Potential applications:
" automotive structural and closure panel inner sheet.
" non-auto applications - eg, beverage & food can stock, architectural 

sheet for façade.
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