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Experimental Study on Strengthening Mechanism of Al-Zn-Mg-Cu System Alloy

Hideaki Matsuoka®, Yukio Hirose™ *, Yoichi Kisur™ ™ *

and Kenji Hicashr

* ok k%

The strengthening of Al-Zn-Mg-Cu system alloy results from the interaction between dislocation and solute
atoms or precipitates. In this study, the tensile properties of 7475 aluminum alloys having various average grain sizes
were evaluated. The 0.2% proof stress and elongation were discussed based on the theory of dislocation mechanism
and the observation of microstructures. The main results obtained were as follows:

(1) The 0.2% proof stress, tensile strength and elongation of the materials increased with decreasing average

grain size.

(2) In accordance with the Hall-Petch's relation, the 0.2% proof stress was plotted against the reciprocal square
root of the average grain size of the aluminum matrix. A good correlation was obtained, indicating that the 0.2% proof
stress depends on the average grain size of the aluminum matrix.

(3) The contributions of the precipitation strengthening, solid strengthening and grain refining effect to the 0.2%
proof stress of the present 7475 aluminum alloy were estimated to be 258, 153 and 5 MPa, respectively.
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Fig. 1. Typical microstructures and average grain size
of the aged materials. The heat treatment
conditions for aged material were carried out for
solution times 17.4, 756.0 and 1 440.0 ksec at 804K
and aged at 443K for 32.4ksec.

Table I . Relation between solution time, 7%, and average
grain size, ds, of the aged- and as solute-materials.

Code |A-FGI {A-FG2 |A-FG3 |A-FG4 | A-FG5 | A-FGG6 | A-FG7

bR It l/d@fi?Eﬂﬁ)éﬁn,_%%@%&@ﬁ%*ﬁ Ts, ksec| 174 | 180 | 576 | 360.0| 756.0|1278.0 14400
R EHBTZREICDOWTHE R T > 7%, MREBIZ Al G5, on | 143 | 155 | 167 | 198 | 241 | 333 | 367
111 st U, et X Cu K o % VT Schulz 2 Code |S-FG1 |S-FG2 |S-FG3 |S-FG4 |S-FG5
2D LD EET o7, DX, SERMOBRES s, ksec| 180 | 576 | 756.0]1278.0|1440.0
FEOVTRER T -7, KEISNIE Al 222 Effgc Copn [ 104 ] 198 ] 296 ]375 | 990
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Fig. 2. Pole figures of 111 reflection of the aged materials.

, 20—
B e
o E 0 & X _____ E = Table I . Mechanical properties of the aged and as
]
=N s §_ - S § N solute materials.
g & j |
~ open aged material 1 Young’s JO.Z% proof | Tensile | Elongation
-40 | 1 1 terial Code |modulus stress strength
; : ; ¢ OS? as ?0 ute{ma el;lal Ewv, GPa|0o. 2, MPa|O&s, MPa &L %
E 180 o m A o A A~ AFGl| 71+1 | 464+ 6 | 564 £5 | 169 £ 05
2 - 1 AFG2| 70+ 0 | 462+ 4 | 555+8 | 163+ 1.1
5 160 . AFG3| 711 | 459+ 5 | 552+4 | 156 £ 09
< L | T
< AFG4| 71+ 0 455+ 5 | 5506 | 13.8 £ 1.2
o 40 A _ A A A_A_]
ko _ _ AFGS5| 692 | 454%10  551+9 | 11.0 + 18
2 190 N AFG6| 691 | 449F 7 | 544+2 | 9.8%20
0 400 800 1200 1600 A-FG7| 70 £ 2 444+ 6 | 5455 9.0 X 15
Time of solution treatment fg, ksec SFG1 | 70£1 231+ 9 | 434+ 13) 325422
- + + + +
Fig. 3. Effects of solution time at 804K on Vickers SFG2 | 71 + 2 225 " 11 | 434 T 8 | 290 i L5
hardness and residual stress of the aged and as SFG3 | 69 :L 2 219%10 | 409=4 | 275£15
solute materials. An aging treatment of the aged S-FG4 | 70+ 1 21212 | 401+5 | 261 +25
materials was carried out at 443K for 32.4ksec. S-FG5 | 69+ 3 209+ 8 | 398+9 | 250+ 09
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Fig. 4. Relation between grain size and tensile
strength, 0.2% proof stress and elongation at aged
and as solute materials.
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Fig. 5. Schematic illustration of the generation of

dislocation in a grain and the propagation of Luders
band at grain boundary.
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Fig. 6. Schematic explanation for relationship between
0.2% proof stress and average grain size of aged, as
solute materials and pure aluminum (99.99%).
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Fig. 7. Schematic explanation of the precipitate fraction.
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