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Structures refinement of Al-Zn-Mg-Cu-Cr alloy thick plates

LIN Gao-yong, YANG Wei, SUN Li-ping, PENG Da-shu

(The Key Laboratory of Nonferrous Metals Materials Science and Engineering, Ministry of Education, School of
Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: An intermediate thermal-mechanical treatment (ITMT), which includes reinforced solid solution, over-aging,
heavy strain by combination of multi-directional forging and rolling at warm temperature and re-crystallization by fast
heating was proposed and studied for structure refining of Al-Zn-Mg-Cu-Cr alloy thick plates. The structures evolution
laws and the mechanism of grain refining with the above ITMT were studied by means of OM, EDS and TEM. Then the
qualifications of controlling the grain size under discontinuous re-crystallization were discussed. The results show that
ITMT process can make Al-Zn-Mg-Cu-Cr alloy thick plates deform sufficiently and equally, also make the structure of
re-crystallization refine effectively, though the rolling reduction is not more than 80%. The average re-crystallization
grain size is refined to around 8 pum in the short transverse direction and 12 pum in the vertical or long transverse direction.
Most of the secondary particles are refined to less than 3 pm. The mechanism of grain refining for ITMT can be
summarized as: the fine, homogenous and equal-axial grains are refined by discontinuous re-crystallization, making full
use of the heavy strain energy formed by the severe plastic deformation and the feasible size and distribution of
secondary particles formed chiefly in the over-aging.
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Re-crystallization (482 'C, 15-30 min),
salt bath heating, water quench

Aging (T6: 120 °C, 24 h; T73: 110 C,
6h—170°C, 24h)
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Fig.1 Experimental schedule of fabricating Al-Zn-Mg-Cu-Cr
alloy thick plates (ITMT routine is in dash line frame)
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Fig.2 Homogenized ingot structures and micro-hardness
measurement of Al-Zn-Mg-Cu-Cr alloy (OM): (a) Ingot

structures; (b) Micro-hardness measurement
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SEM
Fig.3 SEM images of coarse secondary particles in
Al-Zn-Mg-Cu-Cr alloy: (a) Before solid solution; (b) After

solid solution
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Fig.4 Energy patterns of coarse particles in Al-Zn-Mg-Cu-Cr alloy (SEM): (a) Before solid solution; (b) After solid solution

5 ITMT Al-Zn-Mg-Cu-Cr

Fig.5 Optical structures of Al-Zn-Mg-Cu-Cr alloy after each stage of ITMT: (a) After solid solution; (b) After over-aging; (c) After

multi-directional forging and rolling (¢ = 2.1); (d) After re-crystallization (holding for 10 min at 482 )
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6 Al-Zn-Mg-Cu-Cr
Fig.6 Re-crystallized structures of Al

Mg-Cu-Cr alloy after different deformations (OM): (a) £=2.1; (b) €=2.3; (c) £=3.0; (d) e=3.7
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Fig.7 Comparison of re-crystallized structures of Al-Zn-Mg-

Cu-Cr alloy thick plates (OM): (a) Prepared by ITMT process;

-Zn-Mg-Cu-
(b) Fabricated by industrial hot rolling
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8 Al-Zn-Mg-Cu-Cr
Fig.8 Microstructures of Al-Zn-Mg-Cu-Cr alloy after
different solid solution (TEM) solution process as: (a) 466 , 2
h+14 ,h- 480 , 15 min; (b) 466 ,2h+14 ,h-480
+5 ,h-496 ,5min

9 Al-Zn-Mg-Cu-Cr
Fig.9 Over-aging and heavy-deformed structures of Al-Zn-
Mg-Cu-Cr alloy (TEM): (a) Over-aging structures; (b) Heavy-

strain structures
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Fig.10 Distortion area round bigger particles (TEM): (a)
Secondary particle round high dislocation density zone; (b)

Secondary particle in dislocation tangle
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12 Al-Zn-Mg-Cu-Cr
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11 Al-Zn-Mg-Cu-Cr (TEM)
Fig.11 Early stage of re-crystallization in Al-Zn-Mg-Cu-Cr
alloy (TEM): (a) Holding at 482 for 1 min; (b) Holding at
482 for 3 min

12 Al-Zn-Mg-Cu-Cr
Fig.12 Re-crystallized structures of Al-Zn-Mg-Cu-Cr alloy
(TEM): (a) Grain boundary nailed by secondary particles; (b)

Sub-grains in re-crystallized structures
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