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Table 1  Nominal chemical composition of Al-Zn-Mg-(Zr)-

(Er) alloy

Alloy Zn Mg Zr Er Al

ω/% 4.4 2.4 0.25 - Bal

1

at% 1.86 2.73 0.08 - Bal

ω/% 4.4 2.4 - 0.4 Bal

2

at% 1.87 2.74 - 0.07 Bal

ω/% 4.4 2.4 0.13 0.35 Bal

3

at% 1.86 2.73 0.04 0.06 Bal
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Fig.1  Optical micrographs of as-cast ingots: (a) Al-4.4Zn-2.4Mg-0.25Zr, (b) Al-4.4Zn-2.4Mg-0.4Er, 

and (c) Al-4.4Zn-2.4Mg-0.13Zr-0.35Er 

 

 

 

 

 

 

 

 

 

� 2  W%�����TY%DEF(L-S�) 

Fig.2  Optical micrographs of alloys treated by solid solution at 475 �: (a) Al-4.4Zn-2.4Mg-0.25Zr, (b) Al-4.4Zn-2.4Mg-0.4Er, 

and (c) Al-4.4Zn-2.4Mg-0.13Zr-0.35Er 
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� 3  W%� T6����TYlMEF(L-S�) 

Fig.3  Optical micrographs of alloys after T6 heat treatment (L-S): (a) Al-4.4Zn-2.4Mg-0.25Zr, (b) Al-4.4Zn-2.4Mg-0.4Er, 

and (c) Al-4.4Zn-2.4Mg-0.13Zr-0.35Er 
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Table 2  Hardness, tensile properties, resistivity and stress intensity factor of Al-Zn-Mg alloy 
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1 70.8 10.7 79.2  475.8  433.3  9.6  51.71  7.13 

2 69.8 4.0 75.3  377.2  317.6  13.6  47.25  10.59 

3 71.0 13.0 79.3  476.2  429.5  8.8  48.47  12.50 

 

 

 

 

 

 

 

 

 

 

 

� 4  Al-Zn-MgW%=>?@�����:X=>�3 ¡ 

¢£¤¥ 

Fig.4  Curves of stress corrosion crack growth rate υs stress 

intensity factor of Al-Zn-Mg alloys 

 

ð��+´µ=89àOî¢£+��®¯���

å+Oît��Je]�åd5�����+¶�7

N6¢£�-[½Î��e����ª«�
·��

�+-|¸Ü¹jefgeK
N6Oî¢£,5g�

�����+$%)6D+Oîïðvî

[10,11]

,

Hiroko Tanaka� Hiroko Adachi

[12~14]

QRN¡��/0

��&'�lm+ Al-Zn-Mg $%-[�/0�UV

�X×�lm+ Al-Zn-Mg $%Oîïðvîef8

9�ºbiÓlm»ÛN¡��X×�lm�¶�e

j������7u�¼�����å½¾¿)ÀÁ

Â4�Ã3PFZ412��I����Y��ØÄ

=eAÅ�:�crN6ÈÉ0Ä�Hiroko Tanaka`

�����$%Oîïðvî���+Æ`x5,

�JÃh��Er�Zr^$_S� 3&$%�QRE

&'�lm�J)'nCX×�lm�ÇDÈ+��

���89:$%+Oîïðvî,Er�Zr^$_S

c�§�89Oîïðvî�7�ºb Er�Zr^$_

S"#&'�ÉX×lm��M¡+, 

������
�

1) @A_Sij Er LÇ Er�Zr ^$_Sk

Al-Zn-Mg$%+*�1P2�
@A_Sij Zr, 

2) Er�Zr^$_SnÌ["# Al-Zn-Mg$%+&

'�°�, 

3) Er�Zr^$_S+ Al-Zn-Mg$%�@A_Si

j Zr + Al-Zn-Mg $%îØ=n�J-y�B Er�Zr

^$_S+Al-Zn-Mg$%vOîïð=n?
@A_

Sij Er�Zr + Al-Zn-Mg $%�Er�Zr ^$_S+

Al-Zn-Mg$%�$=n(D, 

 

<=��    References  

[1] Drits M E, Ber L B, Bykov Y G et al. Physics Metals Phys 

Metall(USSR)[J], 1984, 57: 1172 

[2] Drits M E, Bykov Y G. Metal Science and Heat Treatment 

(USSR)[J], 1985, 27: 309 

[3] Drits M E, Durkiewrcz J, Toropova L S et al. Cryst Res 

Technol[J], 1984, 19: 1325 

[4] Ryum N. Acta Metallurgica[J], 1969, 17(3): 269 

[5] Yin Zhimin, Yang Lei, Pan Qinglin et al. T Nonferr Met Soc 

China [J], 2001, 11(6): 822 

[6] Sun Weicheng(¦§¨ ), Zhang Shurong(©ª« ), Hou 

Aiqin(¬®). Behavior of Rare Earth in the Al Alloy(�¯�

°W%�Yqr)[M]. Beijing: Weapon Industry Press, 1992 

[7] Toropova L S, Bykov Y G, Lazorenko et al. Physics of Metals 

and Metallography[J], 1982, 54(1): 189 

[8] Wang Zhutang(±²³ ), Tian Rongzhang(´«µ ) et al. 

Handbook of Aluminium Alloy and Its Working(°W%C¶d

�·¸)[M]. Changsha: Central South University Press, 2000 

[9] Deng Zhiqian(¹º» ), Zhou Shanchu(¼½¾ ). Metal 

Materials and Heat Treatment(%���C¿ÀÁ )[M]. 

Changsha: Central South Technology University Press, 1989: 

7 

[10] Day M K B, Cornish A J, Dent T P. Metal Science Journal[J], 

1969, 3: 175 

[11] Hideo Yoshida, Yoshio Baba. Transactions of the Japan 

Institute of Metals[J], 1982, 23(10): 620 

[12] Hiroko Tanaka, Hiroko Esaki, Kenji Yamada et al. Journal of 

Japan Institute of Light Metals[J], 2002, 52(11): 553 

[13] Hiroko Adachi, Kozo Osamura, Jun Kusui. Journal of Japan 

8 12 16 20 24

1E-10

1E-9

1E-8

1E-7

  

 

 

 Al-4.4Zn-2.4Mg-0.25Zr

Al-4.4Zn-2.4Mg-0.4Er

 Al-4.4Zn-2.4Mg-0.35Er-0.13Zr

Stress Intensity Factor, KI/MPa·m

1/2

S
t
r
e
s
s
 
C

o
r
r
o

s
i
o

n
 
C

r
a
c
k

 
G

r
o

w
t
h

R
a
t
e
,
 
v
/
m
·
s

-
1



�1782�                                          ��%���X��                                           � 38� 

 

Institute of Light Metals[J], 2004, 54(2): 69 

[14] Hiroko Tanaka, Hiroko Esaki, Kenji Yamada et al. Sumitomo 

Light Metal Technical Reports[J], 2004, 45(1): 41 

 

 

Effects of Trace Zr and Er on Microstructure and Properties of Al-Zn-Mg Alloys 

 

Huang Lanping, Chen Kanghua, Li Song 

(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China) 

 

Abstract: Effects of trace Zr and Er additions on microstructures and mechanical properties of Al-4.4Zn-2.4Mg alloys (mass fraction, 

similarly hereinafter) were investigated by testing hardness, tensile property, resistivity, and stress corrosion cracking resistance and 

observing metallographic microstructure of the alloy. The results show that the grain refining effect of Zr addition alone for the alloy is 

better than that of Er addition alone or Zr-Er co-addition. However the Zr-Er co-addition can obviously inhibit recrystallization behavior 

of the alloys. The Al-4.4Zn-2.4Mg alloy with Zr-Er co-addition has nearly equal mechanical properties to that with Zr addition alone, 

while has better stress-corrosion cracking resistance than that with Zr or Er addition alone. The alloys with Zr-Er co-addition possess the 

optimum combination properties. Zr-Er co-addition can improve the stress-corrosion cracking resistance of the Al-4.4Zn-2.4Mg alloy, 

which is indirectly realized by the fibrous microstructure obtained from inhibiting recrystallization.  

Key words: Al-Zn-Mg-(Zr)-(Er) alloy; microstructure; mechanical property; stress corrosion cracking resistance 
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