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Effect of rolling process on microstructure and
mechanical properties of Mg-10Gd-4.8Y-0.6Zr alloy

YUAN Wu-hua, QI Xin, HUANG Qiao-ling

(School of Materials Science and Engineering, Hunan University, Changsha 410083, China)

Abstract: The as-cast Mg-10Gd-4.8Y-0.6Zr alloy sheets were rolled at 500 ‘C with 84% total reduction after being
homogenized at 525 °C for 16 h and then aged at 200 C. The microstructures and mechanical properties were
investigated. The results show that the grain size can be effectively refined by rolling process, cuboid-shaped phases and
strip-shaped phases exist after being rolled. A mass of twins exist after initially being rolled, they can harmonize the
plastic deformation and cause twinning-induced DRX. The number of twins decreases with the increase of rolling
reduction and the DRX mode turns into grain boundary bulging mechanism. The rolled-T5 alloy has excellent elevated
temperature mechanical properties: the tensile strength at 200, 250, 300 and 350 ‘C are 392, 381, 251 and 112 MPa,
respectively, and the elongation at 350°C can reach 107.0%.
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Fig. 1 Microstructures of Mg-10Gd-4.8Y-0.6Zr alloys: (a) As-
cast; (b) As-homogenized
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Fig. 2 SEM image of as-cast Mg-10Gd-4.8Y-0.6Zr alloy
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Table 1 EDS results of points shown in Fig. 2

Mole fraction/%
Point
Mg Gd Y Zr
A 97.67 01.17 00.86 00.31
B 88.27 07.37 04.04 00.32
C 31.53 26.79 39.71 01.97
D 95.50 02.64 01.51 00.35
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B3 L4555 Mg-10Gd-4.8Y-0.6Zr & 4 moM 20478

Fig. 3 Microstructures of as-rolled Mg-10Gd-4.8Y-0.6Zr alloys: (a) Primary rolled at 450 ‘C; (b) £=26%, rolled at 500 °C;
(¢) &=46%, rolled at 500 C; (d) e=68%, rolled at 500 C; (¢) &=84%, rolled at 500 C; (f) SEM image of as-rolled alloy

&2 K 3(HFF XN EDS 43
Table 2 EDS results of points in Fig. 3(f)

Mole fraction/%
Point
Mg Gd Y Zr
A 74.98 8.74 15.81 0.47
B 50.78 16.51 32.04 0.66
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S o
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AL, WEARNTER, 75 68% LI 2k



523 5 12

HINAE, 25 SLHID 2 Mg-10Gd-4.8Y-0.6Zr £ 4 WML U 1 2 MR fE I 52 3279

s Ty
B4 ARFEDHE T Mg-10Gd-4.8Y-0.6Zr &4 TEM 1%
Fig. 4 TEM images of Mg-10Gd-4.8Y-0.6Zr alloys:

(a) &= 46% rolled; (b) £=84% rolled; (c) As-aged
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Fig. 5 Brinell hardness of Mg-10Gd-4.8Y-0.6Zr alloys at

70

different deformation amounts

AR, XATRESE T AT 45 it A A F B RGR 4y
AR R ITEL,  84%ZARTY fE i ik £ 97THB.
BG4 REREE A 300 MPa, K KA
2.61%, T 20 [ Ak BE S G G R b o B R A 2 4y
J2h 139 MPa 1 6.5%, n] WALHIAR A W& 1A AF
M, AREEEE G B ER 2. LTS B 247
200 ‘C. 22 h Wb B, WEAE RS & 4 i hr ik e
g 3 fral. 3 3 AT, AeAEEE Fhuhia oy
374 MPa, (HKZ R 2.2%; 200 CIHiH o0k 3|
392 MPa, T FEHRM PR, XA EEH T
TERL R N T O ZHn,  Ws T 2 A8
il KRBT N T, SRl T A avE TR . 250 °C
IR R T5IA 381 MPa, #RE FREIEAD, (HMKE
WY R4, 355 6.0%; 300 CI 3RS R 4% 251 MPa,
R KR 2 38.5%, 4t ATk AE A BT B4
350 CHfsmBEZUR NI%, 14 112 MPa, CIAH] T
PP, AHA AP, KA E] 107.0%.

£ 3 Mg-10Gd-4.8Y-0.6Zr &4 IBrim g
Table 3 Tensile properties of Mg-10Gd-4.8Y-0.6Zr alloys

Test temperature/'C ow/MPa 0/%
25 374 2.2
200 392 2.7
250 381 6.0
300 251 38.5
350 112 107.0

Kl 6 s i ELH] TS &GS AR N R
Wr I TES. 200 °C I PR BT 5 A0 DAy BIUZRY ) 2 s i B BT
2, WD FEE B MG R BRI, AR
A AEATAE . 250 “CI T 10T LU B8 2 i 24,
figg B P TG BB B AT AL FE R B S B, 8 /b
HNEEMBIYE, Wiy A e . 300 C
I W7 AT WA (0 20045, W 1 1 nT DA B K=
WA DR, A5G FURR I i ST A K
2, KR TERNRZ W REEGE, AR
N, ARIEAE AT OT A, RS I =
WETER% . KRFNEAE, SEHIR, Wi L oh 1
FLIR AR BT AN HE R BRI R 5 07 K. 350 “CHF T
AR P AR, W A AR BRSO,
JLIr R 7 2 SR R A LR SR I M I Y
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Fig. 6 SEM images of fractural surfaces of as-rolled T5 Mg-10Gd-4.8Y-0.6Zr alloys at different temperatures: (a) 200 ‘C; (b) 250

'C; (c) 300 °C; (d) 350 C
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1) Mg-10Gd-4.8Y-0.6Zr 1545 AL P 74 Kt
Bk Mgoa(GAY)s AHFT & N A ETIR SR80 . FLIAS TE
Jo, LA R BAAE AR AU Ly m s 5
HORARANG 00, b 7 AR A Ak 35 7= 4
Mg 5 GAY HImIE A 121, KERALEFLH]
R AT, Mg 5(GAY) IS L2k 3:1,

2) LWL P A R ER b, 28 Sh B AR L
RSP, IF RS AN, MEFLHIAL
JERLIEO, 28 G D, R IRERE RO T
AIEHUE, Frghin 7 AR B S Bk 3.

3) SELHIGE A E R R, i)
Reths, %L TS &4 44F 200, 250, 300 1350 C
I 5 433k 392 381+ 251 Al 112 MPa, 350 C
P A IR, AT ERIAF] 107.0%.

4) TS5 & Mg-10Gd-4.8Y-0.6Zr &4 AEANFEE T
PRI R ZAHLEIAR R, 200 C By 3%k 25 i
Wrd, 250 CI A HEMEBENTRE, 300 “CI R TlALIE 42
W AL R BT R G 075K, 350 "C o HL Y AL 2R
SRR

REFERENCES

(1] BRiRfE, 0%, PRlte, fUA, B8, B M gad
IM]. bt Tk R A, 2004,

CHEN Zhen-hua, YAN Hong-ge, CHEN Ji-hua, QUAN Ya-jie,
WANG Hui-min, CHEN Ding. Magnesium alloys[M]. Beijing:
Chemical Industry Press, 2004.

[2] LIANG S Q, GUAN D K, CHEN L, GAO Z H, TANG H X,
TONG X T, XIAO R. Precipitation and its effect on
age-hardening behavior of as-cast Mg-Gd-Y alloy[J]. Materials
& Design, 2011, 32(1): 361-364.

[3] MORDIKE B L. Development of highly creep resistant
magnesium alloys[J]. Journal of Materials Processing
Technology, 2001, 117(3): 391-394.

[4] ANYANWU 1 A, KAMADO S, KOJIMA Y. Aging
characteristics and high temperature tensile properties of
Mg-Gd-Y-Zr alloy[J]. Mater Trans, 2001, 42(7): 1206—1211.

[S] ANYANWUI A, KAMADO S, KOJIMA Y. Creep properties of
Mg-Gd-Y-Zr alloy[J]. Mater Trans, 2001, 42(7): 1212—1218.

[6] GAO Yan, WANG Qu-dong, GU Jin-hai, ZHAO Yang, TONG
Yang, KANEDA J. Effects of heat treatments on microstructure
and mechanical properties of Mg-15Gd-5Y-0.5Zr alloy[J].
Journal of Rare Earths, 2008, 26(2): 298—-302.

[71 GAO Yan, WANG Qu-dong, GU Jin-hai, ZHAO Yang, TONG
Yang. Behavior of Mg-15Gd-5Y-0.5Zr alloy during solution heat



5523 5 12 1

HRE,

: BLRIT 26 Mg-10Gd-4.8Y-0.6Zr &

& WA SR ) PR s 3281

[10]

[11]

[12]

treatment from 500 to 540 °‘C[J]. Materials Science and
Engineering A, 2007, 459(1/2): 117-123.

fi7 L. Mg-Gd-Y-Zr(-Ca) & S IO AL ZUEAZ . 1 Be Al i
AT HWESUD]. b RHGEASHE K2, 2007: 198-206.

HE Shang-ming. Study on the microstructural evolution,
properties and fracture behavior of Mg-Gd-Y-Zr(-Ca)alloys[D].
Shanghai: Shanghai Jiao Tong University, 2007: 198-206.

HE S M, ZENG X Q, PENG L M, GAO X, NIE J F, DING W J.
Precipitation in a Mg-10Gd-3Y-0.4Zr(wt.%) alloy during
isothermal ageing at 250 °‘C[J]. Journal of Alloys and
Compounds, 2006, 421(1/2): 309-313.

akoE oM, M B, BR AR fé‘i%A
Mg-9Gd-4Y-0.6Zr 5441285 124 RE It
S JEZR, 2006, 16(3): 518-523.

ZHANG Xin-ming, XIAO Yang, CHEN Jian-mei, JIANG Hao.

Bt M i BE X
CHEAE

Influence of extrusion temperature on microstructures and
mechanical properties of Mg-9Gd-4Y-0.6Zr alloy[J]. The
Chinese Journal of Nonferrous Metals, 2006, 16(3): 518-523.
MR SRR, MRS, ¥ %AMymmwaarﬁﬁ%
J TS A MR A )2 Pk ag
16(4): 709-714.

XIAO Yang, ZHANG Xin-ming, CHEN Jian-mei, JIANG Hao.
Microstructures and mechanical properties of extruded
Mg-9Gd-4Y-0.6Zr-T5 at elevated temperatures[J]. The Chinese
Journal of Nonferrous Metals, 2006, 16(4): 709-714.

WANG Rong, DONG Jie, FAN Li-kun, ZHANG Ping, DING

1. EAT AR 4R, 2006,

[13]

[14]

[15]

[16]

[17]

Wen-jiang. Microstructure and mechanical properties of rolled
Mg-12Gd-3Y-0.4Zr alloy sheets[J]. Transactions of Nonferrous
Metals Society of China, 2008, 18(1): 189-193.

LIU X B, CHEN R S, HAN E H. Effects of ageing treatment on
microstructures and  properties of Mg-Gd-Y-Zr alloys with and
without Zn additions[J]. Journal of Alloys and Compounds, 2008,
465(1/2): 232-238.

HoOR, ERAK, BOCH, BIGHE Mg-13Gd-3Y-0.4Zr 5
SRR T2 A S P REL]. AE<2)E, 2007(3): 45-49.

TONG Yan, WANG Qu-dong, GAO Yan, GU Jin-hai. Heat
treatment optimizing and property of Mg-13Gd-3Y-0.4Zr alloy
[J]. Light Metals, 2007(3): 45—49.

YANG Q, GHOSH A K. Production of ultrafine-grain
microstructure in Mg alloy by alternate biaxial reverse
corrugation[J]. Acta Materialia, 2006, 54(19): 5147-5158.
MRAL, BRARE, B, 5tk AREXIEL AZ31 B
PRI AL TEAT 0 B2 [T]. s kLR, 2012, 32(1): 10-14.
LIU Jun-wei, CHEN Zhen-hua, CHEN Ding, LI Gui-fa. Effect
of twinning on moderate-temperature deformation behavior of
hot-rolled Mg alloy[J]. Journal of Aeronautical Materials, 2012,
32(1): 10—14.

LIANG Shu-quan, GUAN Di-kai, TAN Xiao-ping, CHEN Liang,
TANG Yan. Effect of isothermal aging on the microstructure and
properties of as-cast Mg-Gd-Y-Zr alloy[J]. Materials Science and
Engineering A, 2011, 528(3): 1589—1595.

(RiE FRITE)



