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Effects of Zr, Cr and Pr additions on microstructure
and properties of Al-Zn-Mg-Cu alloys

CHEN Kang-hua, FANG Hua-chan, CHEN Xiang

(Institute of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Three kinds of alloys Al-Zr-Mg-Cu-Zr, Al-Zn-Mg-Cu-Cr-Pr and Al-Zn-Mg-Cu-Zr-Cr-Pr were prepared by cast
metallurgy. The effects of Zr, Cr and Pr additions on the microstructure and properties of Al-Zn-Mg-Cu alloys were
investigated by optical microscopy, scanning electron microscopy, transmission electron microscopy, tensile test,
polarization curve measurement, stress corrosion and exfoliation corrosion test. The results show that the combined
additions of Zr, Cr and Pr to the Al-Zn-Mg-Cu alloys effectively retard the mergence and growth of the sub-grain during
the recovery process, significantly inhibits the recrystallization of Al matrix, thus enhances the resistance to stress
corrosion and exfoliation corrosion. Compared with the Al-Zn-Mg-Cu alloy added with Zr, the complex additions of Zr,
Cr and Pr into the Al-Zn-Mg-Cu alloy remarkably increase the fracture toughness (K ¢) from 23.3 MPa'm'? to 29.3
MPa'm'?, and enhance the resistance to stress corrosion cracking (K gcc) from 10.9 MPa'm'? to 24.5 MPa-m'"?, yield
strength and elongation of the alloys all increase a little.
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(ro=1i] AlZr 1
Zr [12] Table 1 Nominal compositions of aluminum alloys (mass
Al Zr DO»; fraction, %)
AlZr el 20 Alloy Zn Mg Cu Zr Cr Pr Al
60
A 8.6 2.5 2.2 0.16 - - Bal.
Sc Al;Sc
[14-16] 7r B 8.6 2.5 2.2 - 0.10 0.14 Bal.
Al;Sc Al(Sc, Zr) C 8.6 2.5 2.2 0.16 0.10 0.14 Bal
[17-19]
Sc Zr
Se ( 1:3 )
Sc GB228-87 CSS—44100
(201 Er AlEr ( )
CHI600C
CeCrAly  5.79%NaCl+1%H,05( )
( a=(1.2740.05) nm (DCB)
Fd3m) = GB/T12445.1—1990
2] Al-Zn-Mg-Cu (L—T ) 3.5% NaCl
Zr Cr Yb CeCr,Aly (35=1)
Zr YbCr2A120
a
Al-Zn-Mg-Cu K;
Zr Cr La s ain
Zt LaCrAly K, = EVh[3h(l+0.6h3) +2h ] 1)
[23] Pr 4[(I +0.6h)” + h71]
Yb La Zr Cr Pr 14 mm E GPa
Al-Zn-Mg-Cu h mm [/ mm
K MPa-m'?
1 HB5455-90
NaCl 234 g/.  KNO; 50 g/ HNO; 6.5 mg/L
1 ( 48 h (25=%1)
99.9%) ( 99.9%) Zn( 30%
99.9%) Cu Zr Cr Pr HB5455-90
700~740 N
45 mm 220~240 P
465 24 h 500t EA~ED
12.2 EA
450 1h EB
470 lh 480 2h EC ED
EC

T6 (130 24h)
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1
Fig.1 Optical microstructures of alloys by electro-polished and anodized and graff-sargent reagent etched: Electro-polished and
anodized, alloy A (a), alloy B (b) alloy C (e); Graff-sargent reagent etched, alloy A (b), alloy D (d), alloy C (f)
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Table 2 Tensile properties and fracture toughness of tested
alloys
Ally  o/MPa  cuMPa % C(S'LIZ
(MPa'm ™)
A 704.0 693.8 6.0 233
B 674.7 669.2 8.0 22.3
C 716.3 706.0 10.0 29.3
Zn 7% PEI‘ CuZn
1 3 5 7 9 11 13 15
Energy/keV
2 C Té TEM EDS

Fig.2 TEM images ((a), (b)) and EDS pattern (c) of fine
spherical dispersoids in T6-tempered alloy C

41 MPa
A(23.3 MPa'm'?)
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3 SEM
Fig.3 Fractural SEM images of alloys A (a), B (b) and C (c)
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Zr A Cr Pr B
A 107k —Alloy A
K scc 10.9 1\/‘[]?21'1111/2 B K Nele ::ﬁ”gi: (B:
12.8 MPa-m"? Zr Cr Pr C
K Nee 24.5 T, 1078k
MPa-m'? E
242 :
HB5455-90 B
10 9L
48 h
10 12 14 16 18 20 22 24 26 28
5 5 3 48 h K,/(MPa-m'?)
B 4
A
B Fig.4 Relationships between stress corrosion crack growth
C A rate v and stress intensity factor K of alloys

5 EXCO 48 h SEM OM
Fig.5 SEM images of surfaces of alloys A (a), B (¢) and C (¢) and OM images of cross-section of alloys A (b), B (d) and C (f) after

immersed 48 h in EXCO solution
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B Zr
B PrCr,Aly
A C
48 h Al-Zn-Mg-Cu
A B C EB+ ED EA PrCnAlyy  AlZr Zr
Zr Cr Pr Al-Zn-Mg-Cu PrCr,Al,,
Al-Zn-Mg-Cu
243
6 Zr Cr  Pr Al-Zn-Mg-Cu
3 6 3
A B C
Zr  PrCrAly, Al-Zn-Mg-Cu
Zr Cr  Pr Al-Zn-Mg-Cu ( )
( ) ( )
Al-Zn-Mg-Cu
3

Table 3 Corrosion parameters of polarization curves of alloys

Alloy PeordV  Jeon/(10*A-cm ) R/(Q-cm?)

A —0.669 7.468 7.468
B —0.683 4.471 4.471
C —0.663 4.315 4.315
-0.60
Zr Cr Pr
—0.65 Zr Cr Pr
-0.70
=
3 075
-0.80
-0.85
4
_090 1 1 1 1 1 1 1
=6.0 =5.5 =5.0 4.5 -4.0 -3.5 -3.0 -2.5-2.0
IglJ/(A-cm™)] 1) Zr Cr Pr Zr
6 PI'CI'zAlz()
Fig.6 Potentiodynamic polarization curves of alloys
Al-Zn-Mg-Cu
3 2) Zr Cr Pr
Zr Cr Pr Al-Zn-Mg-Cu
| Cr Pr
Zr Al-Zn-Mg-Cu-Zr Al-Zn-Mg-Cu-Cr-Pr  Al-Zn-Mg-Cu-
Zr-Cr-Pr S-L K ¢ 233 223
Zr Cr Pr 29.3 MPa-m'?

3) Zr Cr Pr
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