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Effects of microelement content on microstructure and
properties of Al-Zn-Mg aluminium alloy
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Abstract: The effects of different microelement (Cr, Mn, Ti, Zr, Cu) contents on the microstructure, mechanical
properties and corrosion properties of Al-Zn-Mg aluminium alloys were investigated by optical microscopy, scanning
electron microscopy, transmission electron microscopy, tensile test, impact properties test, stress corrosion and
polarization curve measurement. The results show that a little more microelement added to the Al-Zn-Mg aluminium
alloys effectively delays the mergence and growth of the sub-grain during the recovery process, inhibits the
recrystallization capability of Al matrix, and significantly enhances the mechanical properties and resistance to stress
corrosion increasing the tensile strength by 69MPa and postpones the moment of stress corrosion cracking for 108 h.
However, the present of more trace elements makes wider distribution of the slightly larger size AlFeMnCu phase
generate inside the alloy, makes the matrix as the anode form a microcell, and the surface pitting, plasticity, toughness
and corrosion resistance decrease.
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Table 1 Chemical composition of investigated Al-Zn-Mg alloys
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Mass fraction/%
Alloy
Fe Si Zn Mg Mn Cu Cr Zr Ti Microelement gross Al
A 0.18 0.12 4.52 1.46 0.37 0.15 0.19 0.12 0.04 0.87 Bal.
B 0.17 0.13 4.63 1.41 0.35 0.04 0.09 0.08 0.02 0.57 Bal.
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Bl 1 Al-Zn-Mg &4

Fig.1 Optical micrographs of Al-Zn-Mg alloys: (a), (c) Alloy A; (b), (d) Alloy B
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2 Al-Zn-Mg &4 TEM 551 SAED i

Fig.2 TEM images((a), (b)) and SAED patterns((c), (d)) of Al-Zn-Mg alloys: (a), (c) Alloy A; (b), (d) Alloy B
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3 Al-Zn-Mg &4/ SEM 451 EDS 4t
Fig.3 SEM images((a), (b)) and EDS analysis((c), (d)) of Al-Zn-Mg alloys: (a), (c) Alloy A; (b), (d) Alloy B




2636 PR R AR

20154F 10 H

Fz2 Al-Zn-Mg A &M H R R R
Table 2
Al-Zn-Mg alloys

Impact toughness/

AllOy o/MPa Uo_z/MPa 510/%

(J-em™?)
A 465 324 14 29
B 396 291 20 40

~
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Bl 4 Al-Zn-Mg &4l 0 SEM &
Fig. 4 Tensile fractural SEM images of Al-Zn-Mg alloys:
(a) Alloy A; (b) Alloy B
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Tensile properties and impact toughness of
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Fig. 5 Impact toughness fractural SEM images of Al-Zn-Mg
alloys: (a) Alloy A; (b) Alloy B
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Table 3 Corrosion experiment results of C-rings

Alloy First craking time/h  Status after corrosion for 720 h

A 396 Wind crakings

B 288 Linear crakings to 15 mm
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B 6 CIN KM SEM 1%

Fig.6 Low magnification((a), (b)) and high magnification((c), (d)) surface SEM images of C-rings after stress corrosion: (a), (c)

Alloy A; (b), (d) Alloy B
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B 7 Al-Zn-Mg &4 LG M= 5 (% SEM 1%
Fig. 7

x4 MG Al-Zn-Mg & Gk be

SEM images of Al-Zn-Mg alloy before((a), (b)) and after((c), (d)) exfoliation corrosion: (a), (c) Alloy A; (b), (d) Alloy B

Table 4 Tensile performance of Al-Zn-Mg alloys after exfoliation corrosion

Alloy o/MPa Loss rate of /% 00,/MPa Loss rate of 6,/% 0/% Loss rate of /%
A 393 15 295 9 9 40
B 354 10 278 4.5 10 50
0
02 3 oWEITHe
-04F} Alloy A
Z . ME T F2 iR, B2 Cr. Mn. Ti. Zr.
g -0. — N V SINTS
& —= Cu JCE RIS Al-Zn-Mg & S #4577 4R 28
0.8} cllog 3 TEALL, A Hsess B G RST BN s TR VR
ol EEDRAEVE MRS, WHATRAME, N
' JOST B AR A IEOR Stk o X2 HH T4 A R85
AN WSMIRAURSER N T TP RO ALCr 4

Ig[J/(A-cm™)]

8 Al-Zn-Mg & &bl Zk
Fig. 8 Polarization curves of Al-Zn-Mg alloys

RS Al-Zn-Mg &4 WA 26 8 iS40

Table 5 Corrosion parameters of polarization curves of

Al-Zn-Mg alloys

Alloy P!V oo/ (107 Acem™)  Rp/(Q-cm?)
A —0.646 45 45
B -0.696 49 49

IR L e on BN A, ROEAHL,
PR A A LGRS, B it 15 T BOK A B2 ki o

B B o T S N TTUEAT . MEV R 5F
AN dRL RS R TS R A . Sl 13
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FysiAl . yRERAAIE PESE AL I ZR G R . &
& A WEH RGN B2, Cu AR IS,
HIMHLIRAR, PR DCREAT SLALES, RIS
R EREPIAG S AIOIERS, BHIESVRIIICR . AEEIR
BV KEWSAFAAEAG RN T8N T, afT&
SR, ERRRORIER, HEe A Pl Cugts
BT T, 55455 HAb TG R R T
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