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Effect of thermo-mechanical treatment on ridging behavior and
cube-oriented grain formation process in 6111 aluminum alloy™

Ken-ichi IKEDA™**, Yukimasa MIYATA™*** Takahiro YOSHIHARA ****
Naoki TAKATA***** and Hideharu NAKASHIMA **

Al-Mg-Si alloys are suitable materials for automotive body application because of a good formability, a good cor-
rosion resistance and a satisfactory strengthening. However, it is well known that when some kinds of Al-Mg-Si
alloy sheets are stretched along the transverse direction, rope-like profiles (ridging/roping) parallel to the rolling
direction develop on the surface. The purpose of this study is to clarify the ridging development in AI-Mg—Si alloy
(6111 aluminum alloy). The effect of thermo-mechanical treatment on ridging development was investigated by 3D
profile microscope and SEM/EBSD method. Rope-like profiles tended to develop remarkably in the hot-rolled and
intermediate-annealed sheets. In highly ridging developed sample, there were many bands of cube-oriented grains
(cube bands). Therefore, in this study, the cube-oriented grain formation process was also investigated by SEM/
EBSD and TEM observation. Microstructure observations revealed that cube-oriented grains formed during the hot
rolling process could remain due to rod-like precipitates in grain. And then, these cube-oriented grains were grown
along the rolling direction during the intermediate annealing. Crystal orientation analysis shows the stored energy
of the cube-oriented grains in the cold rolled sheet was lower than that of other-oriented grains. Therefore, we con-
cluded that cube bands are preferentially formed during solutionized treatment.
(Received January 29, 2014 Accepted April 24, 2014)
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Table 1 Chemical composition of alloy used for this ex-
periment (mass%).

Mg Si Cu Fe Mn Al

0.77 0.66 0.78 0.04 0.14 Bal.

Table 2 Production process and sample names of alloy used for this experiment.

Homogenized Hot rolling Interme(.hate Cold rolling Solutionized Sample
treatment 46 — 5 annealing 51 treatment

550°C-28.8 ks —omm 410°C-9 ks —omm 535°C-600 s fame
X 272°C-ST
©) 272°CIA-ST

. X 299°C-ST
@) 299°C O ©) I:C ST
O 299°CIA-ST
X 354°C-ST
354°C

o 354°CIA-ST

Sample name ~ ~

354°C-HR 354°C-1A 354°CIA-CR
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Fig. 1 Schematic explanation of difference of roughness
between TD and RD.
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Fig. 2 Crystal orientation distribution of the samples.
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Fig. 3 Typical stress—strain curves of the samples.
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Fig. 10 BF-TEM image of 354°C-HR sample.
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Fig. 11 BF-TEM images of cube-oriented grains in
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Table 3 Kernel Average Misorientation, dislocation density and stored energy in the grains with each texture component in

354°C-HR sample.

Cube Brass Copper S
Texture components [100f <001) 110} (112) 12} {111) 123} (634) Others
Kernel Average Misorientation, 6 /deg. 0.423 0.414 0.532 0.513 0.658
Dislocation density, p /%10"“m 5.16 5.06 6.50 6.27 8.03
Stored energy, E /X10°J'm ° 551 5.40 6.93 6.69 8.57

Table 4 Kernel Average Misorientation, dislocation density and stored energy in the grains with each texture component in

354°C TA-CR sample.

Texture components Cube Brass Copper S Others
P {100t <001) {110t (112) {112t <11y {123} (634)
Kernel Average Misorientation, 6 /deg. 0.630 0.958 0.867 0.841 1.334
Dislocation density, p /%10"“m 7.69 11.69 10.58 10.26 16.28
Stored energy, E /X10°J-m 8.21 12.48 11.30 10.95 17.38
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