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• Advanced lightweight materials are crucial for the automotive industry to meet the 
increasingly strict vehicle fuel-efficiency standards. 

• Lightweight vehicles = better fuel economy 
• High-strength aluminum has a high specific strength (strength-to-weight ratio) among various 
lightweight materials 

• The use of high-strength aluminum can increase the fuel efficiency but joining 
procedures must be evaluated due to material weldability issues.  
• GMAW of 7xxx series high strength aluminum alloys with AA 5356 (Al-Mg) filler wire 
can be susceptible to stress corrosion cracking (SCC) when placed under a tensile 
stress in a corrosive environment. 

• The three factors in the diagram below are needed for SCC to occur. 
• Previous work confirmed that failure does not occur without all three factors present. 

• SCC initiation takes place at the weld toe and then propagates through the base material under the 
fusion line. 

• Goal: Develop a mechanistic understanding of Mg enrichment /  
segregation and the subsequent formation of T-phase to the weld toe. 

•A fundamental understanding of Mg segregation can provide the scientific 
basis for: 

•Optimizing welding processes 
•Enhancing material use  

•This will be beneficial for the widespread use of aluminum alloys for vehicle 
light-weighting and fuel efficiency.  

Necessary Factors for SCC 

• The root cause for stress corrosion crack initiation has been correlated to a Mg-rich 
region at the weld toe. 

• T (tau) phase [Mg32(Al, Zn)49] continuously precipitates along the grain boundaries in the weld toe.  
• This localized segregation is peculiar, as it is unseen throughout the bulk of the weld metal.  

• Furnace Melting: 
• Determine the segregation characteristics of Mg upon 
solidifying from above and below the Mg vaporization point.  
• Two temperature levels were tested: 

• 900˚C, which is above liquidus (630˚C) but below 
vaporization (1107˚C)  Mg remains in liquid solution 
• 1193 ˚C, which is above vaporization  Mg  

vaporizes at this temperature 

• Geometry Alteration: 

• Geometry Alteration: 
• Formation of Mg-rich weld toe upon re-melting 

• Mg-rich weld toe forms during welding and is not due to initial material mixing. 

• Geometry Alteration 

• Furnace Melting 

Lap Joint Re-melt weld toe at 200x 

•Material to the right of the interface formed due to 
wetting during re-melt 

•Hypothesized wetting flow characteristics are shown by 
green arrows in micrograph A 

• Mg enrichment along wetting interface (Figure A & 2) 

Previous Machined 
Interface 

• Test 1: 900˚C 
• Mg segregation characteristics viewed 
upon heating into liquidus  
• From EDS images (Figures E & F): 

• Center of grain solidifies first 
• FCC Aluminum 

• Two phases present at the grain 
boundaries  

• Mg-rich phase 
• Mg segregating to grain 
boundaries 

• Si-rich phase 
• Si diffusing from porcelain 
crucible 

• Minimal Zn present in sample 

• The weld toe is machined away to remove the Mg-rich region 
• Remaining weld material is re-melted with AC current (GTAW) 

Stress Corrosion Cracking Resistance 
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• Test 2: 1193˚C 
• Mg segregation characteristics viewed upon 
heating above vaporization temperature 
• From EDS images (Figures G & H): 

• Many more precipitates form 
• Si-rich phase 

• Si diffusing into sample from 
porcelain crucible 

• Fe-rich phase 
• Small amount of iron in sample 
• Possible contamination 

• Negligible Mg present 
• Negligible Zn present 
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• From EDS Images (Figures I & J): 
• MgO oxide forms with porcelain crucible 

AlMgZnSiO AlMgZnSiO 

O 
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• Mg has high affinity for O 
• Figure I shows MgO in Test 1 (900°C) 
• Figure J shows MgO in Test 2 (1193°C) 
• Figures i and j show oxygen presence in 
respective samples 

• Sample etched with Kellers etchant  
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Figure B & C 
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B • White “stringer” 
phase rich in Mg 
in Figure B can be 
seen along entire 
interface in Fig. 2 
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•Figure C is EDS Imaging of Figure B 
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•Figure F is EDS imaging of Figure E •Figure H is EDS imaging of Figure G 
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• Repeat Test 1 (i.e., Geometry Alteration) in a 100% Ar-filled chamber to minimize the 
formation of MgO during welding. 

• MgO Presence 

K 
• Figure K show EDS image of the weld toe region 
after re-melting in the 100% Ar-filled chamber. 

•Surprisingly, Mg enrichment in the re-melted toe 
is much less prevalent that in the baseline re-
melting test (Figure C). 
 

• Further characterization using electron microscopes 
is ongoing to understand the phase(s) in the re-melt. 
• The preliminary results indicate that the MgO 
presence during welding is a potential factor for the 
formation of Mg-rich weld toe. 

• MgO Presence: 
• When welding in 100% Ar-filled chamber, Mg 
segregation to the weld toe is much less severe. 

• Furnace Melting: 
• Mg does vaporize above 1107°C 
• Mg has a high affinity for O 

• MgO forms when oxygen is present 
• MgO is favored over Mg in solution 

• Determine if the Mg-rich region reappears upon 
removal and re-melt.  
• Establish if the phenomena occurs during primary 
material mixing or due to characteristics under the arc. 
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1. If the Mg-rich weld toe is removed from the original weld, could 
the segregation re-occur in a subsequent re-melting? 

2. Mg is likely to evaporate from the hot region of weld pool 
surface as it has a low vaporization temperature. Any effect? 

3. MgO, in the form of black deposit on 
and beside the weld, is commonly 
observed in welding of Mg-bearing 
aluminum [1].  Any effect? 

Although they did not reveal the results originally 
designed due to porcelain crucible 
“contamination”, the furnace melting tests did 
show the high affinity of Mg for O. 

This research points to the 
commonly observed MgO as 
a potential factor for 
formation of Mg-rich weld 
toe.  Future study is planned 
to understand the effect of 
MgO on enrichment. 


