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Table 1 Chemical composition of experimental alloys

Mass fraction/%
No. Alloy
Gd Y Nd Zr Mg
I Mg-6Gd-2.5Y-0.5Zr 595 244 - 049 Bal

II Mg-6Gd-2.5Y-0.5Nd-0.5Zr 6.03 2.61 0.49 0.51 Bal.
I Mg-6Gd-2.5Y-1Nd-0.5Zr 5.87 2.55 1.02 0.47 Bal
IV Mg-6Gd-2.5Y-1.5Nd-0.5Zr 6.05 2.46 1.53 0.50 Bal.
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Fig. 1 Optical microstructures of as-cast Mg-6Gd-2.5Y-xNd-0.5Zr alloys: (a) Alloy I ; (b) AlloyIl; (¢) Alloy III; (d) Alloy IV
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Fig. 2 XRD patterns of as-cast Mg-6Gd-2.5Y-xNd-0.5Zr

alloys: (a) Alloy I ; (b) Alloy 1I; (¢) Alloy III; (d) Alloy IV
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Fig.3 Optical microstructures of aged-peak Mg-6Gd-2.5Y-xNd-0.5Zr alloys: (a) Alloy 1 ; (b) Alloy II; (c) Alloy III; (d) Alloy IV
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Fig. 4 XRD patterns of aged-peak Mg-6Gd-2.5Y-xNd-0.5Zr
alloys: (a) Alloy I ; (b) Alloy 1I; (¢) Alloy III; (d) Alloy IV
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Fig. 5 Corresponding SAED pattern taken from (0001)y,, (a) and actual diffraction pattern (b), TEM bright field image of
aged-peak alloy I (c)and alloy III (d) and STEM (e) of alloy III and partial enlarged detail (f)
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Fig. 6 Age-hardening curves of Mg-6Gd-2.5Y-xNd-0.5Zr

alloys at 225 °C
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Table 2 Tensile properties of T6 aged Mg-6Gd-2.5Y- xNd-
0.5Zr

Alloy 09/MPa o, /MPa  6/%
Mg-6Gd-2.5Y-0.5Zr 151 216 7.0
Mg-6Gd-2.5Y-0.5Nd-0.5Zr 211 260 5.3
Mg-6Gd-2.5Y-1Nd-0.5Zr 241 289 4.1
Mg-6Gd-2.5Y-1.5Nd-0.5Zr 213 265 2.8
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1S IO ol A = 26 7 = ] S s A e [ e
AEF o R BV K G & S1E 225°C A R TR
WAL EE, BEZE Nd TR, Mg-6Gd-2.5Y-xNd-0.5Zr
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Fig. 7 Schematic diagram of composition-Gibbs free energy

in Mg-6Gd-2.5Y-xNd-0.5Zr alloys

B R AT AR AR



Bk EE A, &

, &5 Nd S EX Mg-6Gd-2.5Y-0.5Zr & 4 AL 2R F7 2 PR RE RO S

1791

() prARE ARSI ZE AR, AT AR S m, F
MRERN, prAHIRMELE L EAZ, Bk, fE&EEI
HIE R RIS T 001H1[01 T 0175 A1 B AH . FE & 4 1

i, T AGI <AGs, SARIRMEIR IS R B4 fr Bk
HFRHATAK, HE[11001KE F, dT s At
FHE—B W, pAHBIEZT LR g, prAHE
I A A B, ASBTRIRE T ARG, {1 A
B, pAES IR M, teAh, HTEE 1 h
AR SFRER, AR IR AR K, 3065 ¥ [1 1 001101 1 0]
T BRI AR AR BEB) 77, prAH— HOARZ, K pRid
AR IAWIELA Y g, INTE pARRE A A KR
th, &4 1h pHEK S &I pRK R .

4 ZEip

1) £ Mg-6Gd-2.5Y-0.5Zr &4 R In&EE N Nd
LR, SWING4ePhE Gd/Y FaEss M Mgy(Gd/Y)
M Mgoy(Gd/Y)s &=, (HE ST HASH S Nd EE
FHHT

2) W™ Nd m R, Ko R F SN
Mg-6Gd-2.5Y-0.5Zr £ 4 WEAEL I 25 ARy Bsf [, 398 Jor 0 {1 Fsf
ROPIRERE, EEEMVEHEN, 3 Nd WEE, 64
T6 A M PTHL R W 2B G 0, A AW R,
Nd &N 1.0%, & &M %% nE,
Mg-6Gd-2.5Y-1Nd-0.5Zr (40582 Jy 289 MPa, & Ik
SRIEA 241 MPa, KA 4.1%. 24 Nd K& &
1%, T6 & HHn s B S A, i 22tk S s
.

3) Mg-6Gd-2.5Y-0.5Zr % 4= (U AE I RR A AH N
BAH, W Nd iEE, AR EML, pHEIIE
HSEWm, Hroid s, &4 REiEst.
15 AR, EAEAERS {1100} 3 N7 g7,
UBEARLIN IS, BTt AEAH B 5 p3kAE. prHIIIAFEAER
B F pAHMIKK, WIn Nd a3k, £ 52 milg (e 2Rt
e BRI ) B A I AR AR ST LA, B AH B
[10 1 O1FI[01 T 0775 A1 () B A 237 2% o

REFERENCES

(11 SR, #7oAk, Wb, PR, 5 B, i iZ. Zn HHE
X545 Mg-Dy & 4 AL GV 71 3= B sE R[], R A
SRR, 2015, 25(4): 875—882.

BI Guang-li, LI Yuan-dong, HUANG Xiao-feng, CHEN Ti-jun,
MA Ying, HAO Yuan. Effects of Zn addition on microstructure

(2]

(3]

[5]

(el

(7]

(8]

(9]

[10]

and mechanical properties of as-cast Mg-Dy alloy[J]. The
Chinese Journal of Nonferrous Metals, 2015, 25(4): 875—882.
SCUEAE, EETE, WALW, EET, TR, S, KR
[EAH L Mg-Nd-Zn-Zr S& & RIN BERE]. PEE G
23R, 2016, 26(7): 1408—1413.

WEN Li-hua, JI Ze-sheng, XU Hong-yu, WANG Bao-qin,
NING Hui-yan, WENG lJiang-xiang, HU Mao-liang. Aging
strengthening of Mg- Nd- Zn- Zr magnesium alloy prepared by
solid recycling process[J]. The Chinese Journal of Nonferrous
Metals, 2016, 26(7): 1408—1413.

LI Meng, ZHANG Kui, DU Zhi-wei, LI Xing-gang, MA
Ming-long. Microstructure evolution and mechanical properties
of Mg-7Gd-3Y-INd-1Zn-0.5Zr alloy[J].
Nonferrous Metals Society of China, 2016, 26(7): 1835—1842.

R EE, WDRAH, #RiP. AUEFEXT Mg-8Gd-2.5Nd-0.5Zr &
SHBAR AR R ENAL]. P EA g RAR, 2017, 27(1):
82-88.

WEI Xiao-jia, LIU Qiu-zu, HAN Shi-ping. Effects of heat

Transactions of

treatment on microstructure and mechanical properties of
Mg-8Gd-2.5Nd-0.5Zr alloy[J]. The
Nonferrous Metals, 2017, 27(1): 82—88.
SROCKE, B W, A, BHUZ, TIUL Mg-Gd-Y-Zr iR
it B OB FCREREL]. P B e Jm 2, 2011, 21(11):
2709-2718.

WU Wen-xiang, JIN Li, DONG Jie, ZHANG Zhen-yan, DING

Chinese Journal of

Wen-jiang. Research progress of high strength and heat resistant
Mg-Gd-Y-Zr alloys[J]. The Chinese Journal of Nonferrous
Metals, 2011, 21(11): 2709-2718.

VOSTRY P, SMOLA B, STULIKOVA I, BUCH V F,
MORDIKE B L. Microstructure evolution in isochronally heat
treated Mg-Gd alloys[J]. Physica Status Solidi, 1999, 175(2):
491-500.

D, ENE, OB, E A, TIOL Mg-Gd REEN
AT R]. T EA G RE YR, 2014, 24(1): 8-23.
TANG Yi-jin, ZHANG Zhen-yan, JIN Li, DONG Jie, DING
Wen-jiang. Research progress on ageing precipitation of Mg-Gd
alloys[J]. The Chinese Journal of Nonferrous Metals, 2014,
24(1): 8-23.

NEGISHI Y, NISHIMURA T, KIRYUU M, KAMADO S,
KOJIMA Y, NINOMIYA R. Age hardening characteristics and
high temperature tensile properties of Mg-Gd and Mg-Dy
alloys[J]. Journal of Japan Institute of Light Metals, 1994, 44(1):
3-8.

ROKHLIN L L, NIKITINA N I. Magnesium-gadolinium and
magnesium-gadolinium-yttrium  alloys[J].
Metallkunde, 1994, 85(12): 819—823.
KUBASEK J, VOITECH D. Structural and
characterization of biodegradable Mg-RE (RE=Gd, Y, Nd)

Zeitschrift ~ Fir

corrosion

alloys[J]. Transactions of Nonferrous Metals Society of China,

2013, 23(5): 1215—-1225.



1792

T EA GRS R

2017 29 A

[11]

[12]

[13]

[14]

[15]

[16]

[17]

LIANG S, GUAN D, TAN X, CHEN L, TANG Y. 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.

B BH, KBTI, Mg-9Gd-4Y-0.6Zr &4 IR Ak[1].
B G RAR, 2011, 21(2): 276-282.
XIAO Yang, ZHANG Xin-ming.
Mg-9Gd-4Y-0.6Zr alloy[J]. The Chinese Journal of Nonferrous
Metals, 2011, 21(2): 276-282.

JENEEE, &N, ZEMET, MEY. Mg-12Gd & & I
T A HEEBEEFR, 2015, 25(6): 1409-1416.

ZHOU Li-ping, ZENG Xiao-qin,

Secondary aging of

LI De-jiang, YANG
Chun-ming. Ageing precipitation behavior of Mg-12Gd alloy[J].
The Chinese Journal of Nonferrous Metals, 2015, 25(6):
1409-1416.

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.

JIANG L, LIU W, WU G, DING W. Effect of chemical
composition on the microstructure, tensile properties and fatigue
behavior of sand-cast Mg-Gd-Y-Zr alloy[J]. Materials Science
and Engineering A, 2014, 612(26): 293-301.

OKE, sk, BXE, S, FHED, T HTLR
X Mg-5.0Y-7.0Gd-1.3Nd-0.5Zr & &1 REIIRZ I [].
o E A 04 8 24k, 2010, 20(9): 1692-1697.

LI Yong-jun, ZHANG Kui, LI Xing-gang, MA Ming-long,
WANG Hai-zhen, HE Lan-qiang. Influence of extrusion on
of Mg-5.0Y-
7.0Gd-1.3Nd-0.5Zr magnesium alloy[J]. The Chinese Journal of
Nonferrous Metals. 2010, 20(9): 1692—1697.

JEESE, XSO, BRai, xR, WiEk. Y SR
Mg-Gd-Y-Nd-Zr &&H R 5MaemEmI]. #EH2R, 2016,
30(16): 86—90.

TANG Chang-ping, LIU Wen-hui, CHEN Yu-giang, LIU Xiao,
DENG Yun-lai. Effect of Y content on Microstructures and

microstructures and mechanical properties

mechanical properties of Mg-Gd-Y-Nd-Zr casting alloy[J].
Materials Review, 2016, 30(16): 86—90.

(18]

[19]

[20]

(21]

(22]

(23]

[24]

WANG Jia-he, YANG Guang-yu, LIU Shao-jun, JIE Wan-qi.
Microstructure and room temperature mechanical properties of
solidified Mg-2.35Gd magnesium alloy[J].
Transactions of Nonferrous Metals Society of China, 2016, 26(5):
1294-1300.

FEI Hou-jun, XU Guang-long, LIU Li-bin, BO Hong, ZENG

directionally

Li-jun, CHEN Cui-ping. Phase equilibria in Mg-rich corner of
Mg-Ca-RE (RE=Gd, Nd) systems at 400 ‘C[J]. Transactions of
Nonferrous Metals Society of China, 2013, 23(4): 881—-888.

YU Z J, HUANG Y, QIU X, YANG Q, SUN W, TIAN Z,
ZHANG D P, MENG J. Fabrication of magnesium alloy with
high strength and heat-resistance by hot extrusion and ageing[J].
Materials Science and Engineering A, 2013, 578(33): 346—353.
WA, NN, Bk 2, Sy, BUKE, AR, "KM
Mg-xGd-Zr & <35 AR B 72 o 7 SO IR s i ). o
[E B o4 @ 224, 2015, 25(5): 1136—1141.

ZHENG Wei-wen, LI Xing-gang, ZHANG Kui, MA Ming-long,
LI Yong-jun, SHI Guo-liang, YUAN Jia-wei. Microstructure of
cubic-shaped  phase in  Mg-xGd-Zr  alloys  during
homogenization[J]. The Chinese Journal of Nonferrous Metals,
2015, 25(5): 1136—1141.

Xizk, o M, FBRA, BB, KEY]. Mg-Gd-Y-Zr 54
£ 773 F1 823K HACHIN FIAAAT ). PR RS R (R
BHEAR), 2010, 41(2): 483—488.

DENG Yun-lai, YANG Liu, GUO Tian-cai, LI Wen-ying,
ZHANG Xin-ming. Oxidization of Mg-Gd-Y-Zr alloy during
heat treatment process at 773 and 823 K[J]. Journal of Central
South University (Science and Technology), 2010, 41(2):
483—-488.

PORTER D A, EASTERLING K E. Phase transformations in
metals and alloys[M]. New York: Van Nostrand Reinhold
Company, 1981: 185-260.

WHIA . Mg-10Gd-3Y-0.4Zr & & 3500t H AR ) L1 SR AT 9
[D]. k¥ RIASIE KA, 2013: 35-52.

XIE Yan-cai. Electron microscopy study of precipitates in

Mg-10Gd-3Y-0.4Zr alloys[D]. Shanghai: Shanghai Jiao Tong
University, 2013: 35-52.



E21HBHEIOM ki, 4% Nd BN Mg-6Gd-2.5Y-0.5Zr & 4 M4 3R S 24 Pk B8 1 520 1793

Effects of Nd addition on microstructure and
mechanical properties of Mg-6Gd-2.5Y-0.5Zr alloy

SHI Hong-ji"*, DENG Yun-lai"**, ZHANG Kai**, YANG Liu'**, CHEN Ming-an"?

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Light Alloy Research Institute, Central South University, Changsha 410083, China;
3. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,

Central South University, Changsha 410083, China)

Abstract: The effects of Nd addition on microstructure, age-hardening behavior and mechanical properties of
Mg-6Gd-2.5Y-0.5Zr alloy were investigated by optical microscopy (OM), X-ray diffractometry (XRD), transmission
electron microscopy (TEM), hardness test and tensile tests. The results show that the amount of second phase (Mgs(Gd/Y)
and Mg,4(Gd/Y)s) increase significantly in the as-cast alloys, and the age hardening response after quenched is improved
apparently with the addition of Nd, the hardness is enhanced and time to peak ageing is shortened. The
Mg-6Gd-2.5Y-1Nd-0.5Zr alloy exhibits the maximum yield strength of 241 MPa and ultimate tensile strength of 289
MPa. The reason for the improvement of age-hardening behavior and mechanical properties is the higher number density
and finer ' precipitates in the a-Mg matrix, and morphologies of §’ precipitates also change with Nd addition.
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