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Effect of Gd content on microstructures and mechanical properties of
Al-Zn-Mg-Cu-Zr alloys

MEI Fei-giang, WANG Shao-hua, FANG Can-feng, MENG Lin-gang, JIA Fei, HAO Hai, ZHANG Xing-guo

(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Six kinds of Al-Zn-Mg-Cu-Zr-xGd alloys with different Gd contents were prepared by cast metallurgical
process. The compositional dependence of the casting structure, tensile properties was investigated for
Al-Zn-Mg-Cu-Zr-xGd alloys(x=0%, 0.10%, 0.15%, 0.20%, 0.25%, and 0.30%, mass fraction) by optical microscopy
(OM), tensile test, scanning electron microscopy (SEM), electronic probe microanalysis (EPMA) and transmission
electronic microscopy (TEM). The results show that, with the increase of Gd content, the structure and the mechanical
properties of Al-Zn-Mg-Cu-Zr-Gd alloy are improved. When the alloy contains 0.25% Gd, the alloy gets the finest
microstructure, with grain size of about 32 pm. And the maximum ultimate tensile strength and yield strength are
obtained in peak-aged state, and the values are 624.54 MPa and 595.00 MPa, respectively at T6 while the elongation is
13.3%. The role of anti-recrystallization is obvious in the solution structure. However, when the content of Gd exceeds
0.25%, the microstructure and properties of alloy appear certain deterioration.
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UG, Al-Zn-Mg-Cu-Zr-Gd & 42 LAial Al
(99.99%, JFiw %, FE) Zn(99.9%). Mg(99.9%)-
Gd(99.9%)LA K Al-50%Cu. Al-4%Zr 18] &4k JsURk
TE A I v I TR, R R Rk S ER
(45%NaCl+55%K Cl1 7114 a5 /A, 78 750 CHFEA
AR, IR 720 CHEEAN S BT
BEEEIAT I S AL B (400 C A9 4 h+460 C LR35 24 h
JEIP) R LLELRIEE A 10:1 1T 2L AL . %L
G A 4AE 470 CARE 2 h JG = H/KEE, 75120 C
I AE 3 24 h. Al-Zn-Mg-Cu-Zr-Gd & &54E Ak
HAranER 1 Al

K HIXRF—1800 2! X U} 2% ¢ 3 o't 1 7 Bt A3 ff o ik

#1  Al-Zn-Mg-Cu-Zr-Gd & 4 AL 22 1y
Table 1 Chemical compositions of Al-Zn-Mg-Cu-Zr-Gd alloy

FERIL 225y o W ARG 25 51 Al-Zn-Mg-Cu-Zr-Gd
PREEIRE, SRl POOC R il % S AREE . 8
Tt R FH LB W VR (95%H,0+1.5%HC 1+ 1%HF+2.5%
HNO;, AFS%0). BIMHSUR HIMEFSH £ Ih g 4:AH
S PBE FIISM—MS600LN L 41 4ifi B WL 8% . % FH XU
P A (P ARV A AR B 1 - 3 PR TR P IR V00 ) ol 45358
HBEARE, 7B E P S S o4 2.

K HHEPMA—1600 2 HiL 1~ £ I 78 i K A 8k X
G Tc R O a, SR MR/ IR 6/ SR, W&
JEBCTME, P RS oo K EAT IR AT

BB BRI L GLEI 1) Sz
B/ WDW—100K ! Hi-fhy ikge il Fdktr. Seo
IR % GB/T 228—2002 A FH e HEAT AN A1
h 3 Y& A .
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2.1 ERALR

1B 7n A [F) 5 Gd & Al-Zn-Mg-Cu-Zr-Gd 5 4>
RS EMAL.. NETITLEH, IAGS &4H
BAALAEB W B BCR, BRI
A AR R JESPAREGIN, &
A3 T2 20 R R OB b A 21 20 A g 36 2
2, SR RSFAE62 umZE AT o N IN0.10%Gd )5, Skl
RCRIHE ;. IIN0.15%Gd)5, dkidt—2aitk, H
B TR AR WA R IRE s MGy =ilt—2
femnt, AL R M GdEN0.25%
W, A5, G K NERNL S — SR A b
s SRRLK/NZIR32 um, RGN RO R U (HY
GAd 7 &8N 20.30%M, FEAHZ I X BL— LAk
PIACIR S, LUk

1258 5 RAE T AFRIGA T & N A A 2R /N

Mass fraction/%

Alloy No.

Zn Mg Cu Zr Gd Fe Si Al
1 6.7 1.6 1.6 0.14 0.00 <0.05 <0.05 Bal.
2 6.7 1.6 1.6 0.14 0.10 <0.05 <0.05 Bal.
3 6.7 1.6 1.6 0.14 0.15 <0.05 <0.05 Bal.
4 6.7 1.6 1.6 0.14 0.20 <0.05 <0.05 Bal.
5 6.7 1.6 1.6 0.14 0.25 <0.05 <0.05 Bal.
6 6.7 1.6 1.6 0.14 0.30 <0.05 <0.05 Bal.
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Fig. 1 Optical micrographs of as-cast alloy: (a) 0%Gd; (b) 0.10%Gd; (¢) 0.15%Gd; (d) 0.20%Gd; (e) 0.25%Gd; (f) 0.30%Gd

65

Grain size, d/pm
N i W (9] [*))
(=] W S (9 (=}
T T T T T

W
W
T

30005 0.0 015 020 025 030

w(Gd)/%
B2 &k Gd SRR

Fig. 2 Relationship between grain size and content of Gd
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Fig. 3 Optical microstructures of two studied alloys with
solution treatment: (a) 0%Gd; (b) 0.25%Gd
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Fig. 4 TEM images of T6-tempered alloy 5 under different magnifications: (a), (b) Transgranular deposit; (c), (d) Dislocation cells
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Fig. 5 Mapping analysis results of main alloy elements in Al-Zn-Mg-Cu-Zr-Gd alloy billets: (a) 0%Gd; (b) 0.25%Gd; (c) 0.30%Gd
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Table 2 Relative intracrytalline solubility in grain of main
alloy elements 6201
W(Gd)% Relative intracrytalline solubility/% %‘f 600
Zn Mg Cu S 5301
0 54.82 49.63 26.38 =
2 560F
0.30 61.81 67.16 30.56 7 540t *— Yield strength
520
43931 41624.54 MPa. 595.00 MPafil13.3%, 5 A#rGd S0
MG AL, JEHTRI P T 8.91%,  Ju JIRuim BE 4 0 005 010 0I5 020 025 030
—_— R N 0
B T9.31%, KA T729.13%. {H4Gd% fkii— mGdy%
S N & T B A Bl6 &L Gd TRMKR

PG EE BRI, NIk o EGdE, 54 Fig. 6 Relationship between strength and content of Gd
Prhrom BRI KR AR R THe s, iR g mE
P R e A R s S ) R TR NN v R g =) GBI B, AR A SRR AT ALY AL
BN TRV DI A AL A% TFL R ORI L R ALt AL S S R TE A E KO, R A
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Fig. 7 Relationship between elongation and Gd content of alloy
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Fig. 8 SEM images of tensile fracture surface of alloys: (a) 0%Gd; (b) 0.10%Gd; (c) 0.15%Gd; (d) 0.20%Gd; (e) 0.25%Gd; (f) 0.30%Gd
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1) #£A1-Zn-Mg-Cu-Zr 75 & s /b £ Gd 5 85 745
HAS R ZAN1k, TIAN0.25%GdI}, XT85A&41 241
AR A I, NI S Gd SR BT B SRR
IS AL//R

2) Gd [N Z3/N T Al-Zn-Mg-Cu-Zr 4%
BN IIORAmATREE, JF3&E 70 Zn, Mg Al Cu
o A A R, 5N Gd &4 bei, 43l
FH 54.82%- 49.63%H1 26.38%%¢ =1 £ 69.78% 78.75%
A1 42.19%. 1Y% Gd & &=l 0.25%0), S48
AFOT 5 5 ] 5 2 AT PRI

3) 1E Al-Zn-Mg-Cu-Zr 75 &I I Gd RETE Ak
T Gd FIAN/INTREOH X EESRECR A i ST $LA A8 R0
IS A I ST

4) /bEGAfE i F1R Al Zn-Mg-Cu-Zr & 4 T6 I
AR ERK R, M GdT EN0.25%0, PERER
e PihramfE624.54 MPa, Jimt /IR 595.00 MPa, fif
K %13.3%.

REFERENCES

(11 ZFResh, R, B0, Bah. gl s e R
Tk R 5ok ], o E A 4 B4R, 2002, 12(Al
Special): 14-21.
LI Cheng-gong, YANG

WU Shi-jie, DAI Sheng-long,

Shou-jie. Application and development of advanced

aluminum alloys in aero space industry [J]. The Chinese
Journal of Nonferrous Metals, 2002, 12(Al special): 14-21.

[2] FRIDLYANDER J N, SENATOROVA O G. Development
and application of high strength Al-Zn-Mg-Cu alloys [J].
Mater Sci Forum, 1996, 217/222: 1813-1818.

[3] CASSADA W, LIU J, STALEY J. Aluminum alloys for
aircraft structures [J]. Adv Mater Proc, 2002, 160(12): 27-29.

[4] ¥ i, FRER. B S SIUFRINR R ).
R KA BRI, 2002, 33(6): 592-596.
ZENG Yu, YIN Zhi-ming. Present research and developing
trends of ultra-high strength aluminum alloys [J]. Journal of
Central South University: Science and Technology, 2002,
33(6): 592-596.

[S] ANTIPOV V V, SENATOROVA O G, TKACHENKO E A.
High-strength Al-Zn-Mg-Cu alloys and light Al-Li alloys [J].
Chemistry and Materials Science, 2012, 53: 428—433.

[6] LIUS D, ZHANG X M, CHEN M A. Effect of Zr content on

quench sensitivity of Al-Zn-Mg-Cu alloys [J]. Transactions of

[10]

[12]

[13]

[14]

[15]

the Nonferrous Metals Society of China, 2007, 17(4):
787-792.

WAL, B, W, 5 Bl SR RIS St
TSR ERRDL]. #EHS R, 2002, 16(5):8-10.

XIE You-hua, YANG Shou-jie, DAI Sheng-long, LU Zheng.
Research and development of ultra-high strength aluminum alloys
containing zirconium [J]. Materials Review, 2002, 16(5):
8-10.

A, BCH, B HE, EZ2F5. DA Seott 7055 A 4
HIR SR MIT]. MERE 5 T2, 2006, 14(1): 46-49.
LI Hai, YANG Ying-xin, ZHENG Zi-qiao, WANG Zhi-xiu.
Effect of minor addition of scandium on microstructures and
mechanical properties of 7055 aluminum alloy [J]. Materials
Science and Technology, 2006, 14(1): 46—49.

MILMAN Y V, SIRKO A J. Microstructure and mechanical
properties of cast and wrought Al-Zn-Mg-Cu alloys modified
with Zr and Sc [J]. Mat Sci Forum, 2002, 396/402: 1217—
1222.

M, SR, kY, Boigs, e, M L
Al-Zn-Mg 5 & RAAAETE NS gL pLEL ). P RE G
2R, 2004, 14(4): 620-626.

YANG Jun-jun, NIE Zuo-ren, JIN Tou-nan, RUAN Hai-qiong,
ZUO Tie-yong. Form and refinement mechanism of element
Er in AI-Zn-Mg alloy [J]. The Chinese Journal of Nonferrous
Metals, 2004, 14(4): 620—626.

TR, LA, AR, SR, TWEEN. Er 4
Al-Zn-Mg-Cu 5 S P0E M PERE IR W [J]. o Fh i 3E K AT (0
A4, 2009, 29(1): 76-79.

WANG Xun-dong, NIE Zuo-ren, LIN Shuang-ping, SU
Xue-kuan, XIN Ze-bing. Effect of Er addition on the
microstructure and mechanical properties of Al-Zn-Mg-Cu
alloy [J]. Special Casting and Nonferrous Alloys, 2009, 29(1):
76-79.

LI Yun-tao, LIU Zhi-yi, ZHOU Jie. Microstructure and
mechanical properties of Al-Cu-Mg-Ag alloyed with Ce [J].
Transactions of the Nonferrous Metals Society of China, 2007,
17(S1): s266—s270.

CHAUBEY A K, MOHAPATRA S, BHOI B. Effect of
cerium addition on the microstructure and mechanical
properties of Al-Zn-Mg-Cu Alloy [J]. Defect and Diffusion
Forum, 2008, 279: 97—103.

FRR, TRK. #it4 Al-Zn-Mg-Cu & &AL RN
SEMA[T]. RG22, 1999, 28(4): 382-385.

WANG Qing-liang, WANG Da-qing. Effects of yttrium on
microstructure and mechanical properties of Al-Zn-Mg-Cu
alloy [J].
Technology, 1999, 28(4): 382—385.

o8, Bol, BER, BB, BT, X

Journal of China University of Mining and

T, B



F22EE oM

M ko, 2%

Gd Fh Al-Zn-Mg-Cu-Zr & & WO Z 55 ) 2 Pk e K 52

2447

[16]

[17]

NI, FEmese. B b-40%t 7055 A B AL LN, M
kLR, 2009, 4: 67-70.

HAN Jian, DAI Qi-xun, LI Gui-rong, CHEN Deng-bin,
ZHAO Yu-tao, LIU Yu, CHEN Gang, CHENG Xiao-nong.
Effect of addition of yttrium on microstructure of as-cast 7055
aluminum alloy [J]. Materials Engineering, 2009, 4: 67-70.
MRS, A W, & %, e MtERaeh e e
WFFCE RE)]. YR 1R, 2010, 30(2): 102-106.

CHEN Zhi-guo, ZHOU Xian, SHU Jun, HUANG Yu-jin.
Progress in research on microalloying of rare earth in
aluminum alloy [J]. Mining and Metallurgical Engineering,
2010, 30(2): 102—-106.

TV, FF, W 4L Wik OoRAE AL P AR
JEWFSE[T]. &)@, 1992, 28(3): 95-100.

NING Yuan-tao, ZHOU Xin-mig, DAI Hong. Metastable
extension of solid solubility of rare earth elements in Al [J].
Acta Metallurgica Sinica, 1992, 28(3): 95-100.

Tk, T, HATH. BERERaET ORI
AT [T]. B 4N THIR, 1995, 23(5): 35-38.

WANG lJin-tao, WANG Hai-bo, XU Yu-zhong. Distribution

of element and dendrite segregation in as-cast rare-earth

[19]

[20]

[21]

[22]

aluminium alloy [J].
1995, 23(5): 35-38.
ORI, AET, B, T, IR, BT Mt
FEAS SR AP I E LT, #6 -, 2006, 27(5): 88-92.

CAO Da-li, SHI Zhong-ning, YANG Shao-hua, WANG
Ji-kun, WANG Zhao-wen, QIU Zhu-xian. Effects of rare earth

Light Alloy Fabrication Technology,

on aluminium and its alloys [J]. Chinese Rare Earths, 2006,
27(5): 88-92.

NES E, WERT J A. Modeling of recrystallization in alloys
with a bimodal particle size distribution [J]. Scripta
Metallurgica, 1984, 18(12): 1433—1438.

BBERE, 2% I MPORPRIEIEGIIM]. B BWEASIm KA
AL, 2007: 290.

HU Geng-xiang, CAI Xun. Materials science foundation [M].
Shanghai: Shanghai Jiao Tong University Press, 2007: 290.
AN, TN, S W AT M. I R 2K Ak K
SRR A, 1998: 39-40.

CUI Yue-xian, WANG Chang-li. The analysis of metal
fracture [M]. Harbin: Harbin Industry University Press, 1998:
39-40.

(%RiE FRITE)



