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Effect of Quenching Rate on Microstructure Formation in
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A phenomenon that Al-6.0%Zn-0.75%Mg alloy sheets furnace-cooled after solution heat treatment had

higher strength than water-quenched sheets under specific aging condition was reported. However,

the strengthening mechanism related to furnace-cooling had been not clarified yet. In this research,

replication test of the strengthening phenomenon of furnace-cooled sheets and the microstructural change

during natural aging and artificial aging at 200 C after furnace-cooling after solution heat treatment

was investigated by tensile tests, SAXS measurements, STEM observation and electrical conductivity

measurement. The strengthen phenomenon of furnace-cooled sheets was reproduced. In as-furnace-cooled

sheets, 2-5 nm clusters which induced lattice strain were observed in LAADF-STEM image apart from

atomic number contrast in HAADF-STEM image. The clusters seemed to be generated during furnace

cooling. The clusters seemed to cause suppression of reversion and promotion of age hardening in

furnace-cooled material.
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Table 1 Chemical composition of the alloy (mass%).

Si Fe | Cu | Mn | Mg | Cr | Zn | Ti Zr | Al

<0.01/<0.01/<0.01|<0.01| 0.75 [<0.01| 5.94 |<0.01|<0.01| Bal.

9
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Fig. 1 Conditions of heat treatment for the alloy.
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Fig. 2 Effect of natural aging (NA) and artificial aging
(AA) on yield strength of water-quenched sheets
(WQ) and furnace-cooled sheets (FC). (a) without
AA, (b) AA160 C and (c) AA200 C .
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Fig. 3 Experimental and calculated SAXS profiles of
water-quenched sheets (WQ) and furnace-cooled
sheets (FC). (a) without AA, (b) AA160 C 1.67 h
and (c) AA200 C 1.67 h.
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Fig. 4 Particle size distribution obtained from SAXS
profile analysis. (a) without AA, (b) AA160 C
1.67 h and (c) AA200 C 1.67 h.
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WQ (Low magnification)

WQ (High magnification)

FC (Low Magnification) FC (High magnification)

HAADF

LAADF

Fig. 5 STEM images of the sheets that was solution-treated, furnace-cooled or water-quenched, and then held at room
temperature for 4380 h. The upper panel shows low and high magnification HAADF-STEM images and the lower
panel shows low and high magnification LAADF-STEM images.

WQ (Low magnification)

WQ (High magnification)

FC (Low Magnification) FC (High magnification)

-

HAADF

LAADF

Fig. 6 STEM images of the sheets that was solution-treated, furnace-cooled or water-quenched, and then held at room
temperature for 4380 h. The upper panel shows low and high magnification HAADF-STEM images and the lower
panel shows low and high magnification LAADF-STEM images.
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Fig. 7 Change of yield strength of the sheets after
solution treatment during aging at 200 C.
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Fig. 8 Change of electrical conductivity of the sheets
after solution treatment during aging at 200 C.
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