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MIZ3h: R /NBURDIR (B AR, 260K, HOIRE)
LPSO AHAE ORI, B TR ERAE S, i
PN 170 40 AT AT 48R LPSO AH 5 3k B 36 A 3L [H]
AERANE S MBI AR 434k . [FIE LPSO AH 41
48 (Kink) 7 tH BB VA 5 & & B AR T 72 v 1) B g 4
IR It et

FOn A FA kb 3 35 ] R 2 038 LPSO AH 1R
N N TN $A -  L By AR SiN BT =R N
HhEERE. HO, BT, BHE. FlS)
—J5 T A LA4H 4k LPSO #H I R ~F . 203 LPSO [ TE
SR AT, 57 R AT DA H S B Kink 7 o
KAWAMURA Z'RIE | 4% & Mg, Y,Cu, (FE /K 73
., %) &4+ 18R-LPSOMHIITE K, KILALE G
LPSO fHIEFR A 8 2, &4 1) 775 M e i 25
5. SHAO ZE!MIHFFL T 4 LPSO #H Mg-Y-Zn 5 42 1)
WESRHLEE, ERH T Kink w7 O AT LAHAL 22 B 4
i F-(KBs) FIHH T s S+ (GBs), 171X 4% KBs 11 GBs
AIH S A S AR IE S, A& S 1aE
FE . BI SR B A 44k 7 Mg-2Y-0.5Zn-
0.25Ni(BE /R 73 3, %) & 4 )= IR (1) 18R-LPSO
FH L FFAR 2R A J A v b DK B 1 2 B R /N 1Y
14H-LPSO #H, LPSO tH+Z# M E G mifia &R
BEEIIERE, HmRRE . A BR B 5m A
R Z 359 336 MPa. 389 MPa Al 12.6%. H:ik,
AL PR AT 2035 LPSO AH ) Bk PERT, #&A 4
JIEERE . YUAN S5 FAS [ (138 Kk Ab 2 7 2k
3% 1 Mg-2Dy-0.5Ni(BE /R 72 3, %)% 4+ LPSO #H
PITESARAT > 4, 45 RR %A &1 565 CHEE
REFR 12 h, $PAEIE 415 CJa =S¥, R 18R-
LPSO HHAS %, T 24K 14H-LPSO #H, iZ A& 70 %
W3, RERE T S, HAN 5T
T M iE Mg-10Gd-2Y-0.5Zn-0.3Zr( BE /R 3 K, %) &
S AR RO R AT AT 9, K IAE 200 C I Ak
60 hif, WA E AR T 116 HV, HARPTH 5%
IS B, H406 MPa, fHK 2 )y5.9%, Hikd
SR, B AT H SRR 4 B0 14H-LPSO
A, 30T AR R HE R A S A K T HR A 4
({58 . HAGIHARA 2015 BLH IS Mgy, Zn, Y, (BE
IRITEL, %) E iR K(>450 C)Ja 4 ki 1 41 4EAR
LPSO #H, (RTINS 25 EArk, #n
RN H A HE ) A 2 AF Mg-RE-TM & 427 LPSO 1)
TES . oA MARAR 73 %, T 3 v & 4 1 ) 2

AEo SRTT, 8T A #om T+ kb 3 3% & LPSO
I Mg-Y-Cu B &), dEmigm&a 15
FHIRIE FEAR ILARITE -

BRI, A SCR) FH #hs TR+ S5 TR I 200 7 VR 7
£ LPSO 1) Mg-6.8Y-2.5Cu(i &0 %, %) & 41
RGN VR, WG SAEn Bud FE e
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N R VRS S TE S R SR B R SCRFAN
PR

1 I

SIS A U Mg-6.8Y-2.5Cu(Jift 7 4y
., %). 1£750 CF, ¥4 Mg(99.9%), 4l Cu
(99.9%) F1 Mg-20Y (i &= 73 20, %) & S EmE
3 AR AR KON BB A s A, BiEEE 10
min, FRJ57E 720 C¥J5110 30 min, Bl )5 5 5 A 5e
T B KA 15 E A8 R A A T R BE (B A2 90 mm, =
% 500 mm). K EREEAE 400 C R EJAIALAREE 12 h,
TH R A S mAT o R B 8 i $A TR s 6 M
50 mm, JEPBEEON 10 mm B M . R E N
360 C, L N17:1, FEEE N3 mm/s. F|H
BANF R ARG 55K 77 1710 T R e R s 2%
AFE (10 mmx10 mmx10 mm). K il % & 1 & 4 i
BORFETE SX2-2-12 ZUAF 20 HL B P 3R AT S iR B 2%
ROFH, I RGEE N 180 °C, IR 1Ay 154 h,  H:
tH0~10 h i A]fE] B 4 2 h,  10~70 h i Ja] &) B A 12
h, 70~154 hitf [A][E] [ A 6 ho RERTE I P I R e
HHA R EeER, BikEN, NRGEREEH
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F200X) KM 52 e o i & e AE il AL S5 . A Al
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A1 SEM MR RE T A ED/TDOL B 1(a)). 1FEZHL
PR BE RO S5, 7E 5% (A 5350 w5 R R F1 95%
(R0 CBERNE R TG 0h 20 s, 220 PR 2
FFFH ROAMLIR . 3% G T 2 B (TEM)
(FEI Talos F200X) M 2 5% —AHI 454, 34558 —AH
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Fig. 1

observations (a) and size of tensile sample (b)

Schematic diagram of samples for OM and SEM
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Fig.3 OM (a) and SEM (b) images of extruded alloy
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Fig. 4 TEM image(a), HRTEM images((b), (d)) and SAED patterns((c), (¢)) of LPSO phase in extruded alloy: (b), (c) 18R-

LPSO phase; (d), (e) 14H-LPSO phase
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A, FKUIZAHEA 18R-LPSO 4544, FHIT St
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nm, ZUNBEEARSTHAIEER) 1465, 454 SAED Y,
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RtiAh 42 o Ha IS AT %N, A 4 AR E I N ] 1) S8
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Fig. 5 Ageing hardening curve of extruded alloy at 180 ‘C
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Fig. 6 OM images of extruded alloy aged at 180 “C for 0 h (a), 58 h (b), 130 h (c) and relationship between grain size and

ageing time(d)
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Fig. 7 XRD patterns of extruded alloy at 180 C for
different ageing time: (a) 0 h; (b) 58 h; (c¢) 88 h; (d) 130 h;
(e) 154 h
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Fig. 8 SEM images of extruded alloy aged at 180 °C for different time: (a), (d) 0 h; (b), (¢) 58 h; (c), (f) 130 h
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Fig. 9 Schematic diagrams of microstructure evolution of extruded alloy during ageing at 180 ‘C: (a) 0 h; (b) 58 h; (c) 130 h
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Ko SRTAT, BEA AL A 4K, 18R-LPSO AH—
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(R 5T SR AR ¥ 5 W] #% B AL I A8 BAE (BT 4L
FRBLAED T B VR E IR & . 46681 B
AT 6), BT R & A &1 ok
JOSFASARAR /N, BT DA g R~ A 4 it IR 52 FA) 52
M AR /N A, AR R T 5 AT RS S A
A H SRR IR G I R B R . AT 5
H4&, NREESESHRTRE PR, 5B M0
g e n, FR=AEER S LS
TEH S8 A S 705 A A B IR S/ i AR 5
fE. RI1FIH T AESMNERB AR, HE1
ALED, B A I E IR B (oys)s AR BR T+ 08 B2
(0) Je A 2K () 43 5l N 209.6 MPa. 260.3 MPa Al
22.3%. MEFEAE, AN SEE SN 15
R i, L2130 h &4 o Ml e 2 S L
6.3%M116.1%, o, I8/2.9%.
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Fig. 10 Engineering stress—strain curves of extruded (0 h)

and age-peaked alloys (58 h, 130 h) at room temperature

1 FH R RO S & B S il R
Table 1
and age-peaked alloys

Room temperature tensile properties of extruded

Alloy state o/MPa  o,i/MPa ed%
Extruded 260.3 209.6 22.3
Age-peaked(58 h) 270.5 218.2 21.4
Age-peaked(130 h) 276.8 203.6 25.9

PR SAER RO FE e kR it m £ S
A5t LPSO MR #THi BRIk . #iarikissn
AT kink SRAGA Ko B S AR B I R RSB 4
SEFEIIZMPY .  H Hall-Petch A R0, = 0, + k,d"
Horb, o ReAEMERBE: o, NEEERJ1; diE
bRk, A3 Hall-Petch i £k 1) 34 22) AT
I, A I e I P o RS (s N TS 0. 4
Ko, SHEA4MI3.69 um), Bf258 h
(4.79 pm) A1 130 h(5.11 pum) & 4 1) f 0 R <J s Ak 1
T, X A2 5 25 I RV M 4 ) i It 5 kN P
FEJFH, JCHZR A 130 hIfFT R A 4.

R, LPSO MHEEAMIIPE R 5 HF. B,
SAFIRESE R R KB, B iR B SNE
AL, B RGEFE A LPSO M SR . S A A1 #
RAETAAN, HIENN A sy b o2
o MTHIEGE, WEFET MR AR5
0 2R 18R-LPSO #H, Rl AH B A B i vk
PERAERE, 7N gl ferh, LR mBE LR G
R Z RSy 8es, X e R AL 5
G PRI R AR SR A AR FH RS, BRI A 4
(1) LPSO #H 584k 3= ZE LUy 21K 18R-LPSO AH ¥ 5 At
oA HAh, 4 18R-LPSO HREAE AL TE
IR P R AR S T R Kink 45, 173X 48 Kink 45 7] A
MRS O AEIZ), mA SRR, Lk
ARS8 hint, 50 v 24K 18R-LPSO AH 73 fif 1k
ERFRUEA/N  TREIHOIR 18R-LPSO AH . AR ¥

G,b d
— " In J), /ﬂ\;
2m/1 - v
H, MERBKET, G ABUIEE, bEAKE
5, AEBRLIAAIEE, ViRV, d 25 AR
BIEAR), JURCAH 0 (R BERR DN, A7 4 () B AS AR
FEE, &M e IRGREE, KRR s8 hi&
& EE DL LPSO MM IRERI N T SUF L& &R
X130 hBF, A AT K & 4/ 4% SUIR 14H-
LPSO FH(ILE 8(D)), ARG BEIAAA R 4T (1) A 7t
T, X Ff 45 F A Mg/LPSO F 11 H A 45 i H 58 %
AT fE LA ST DLE — e AR A B AL
BRSBTS 7 S AR LR
ARG 9). fEIX PSR, LPSO MAS
AT DA 5 & B 9, T HLA] BLSE < ) 2
PE. AN, BEA 14H-LPSO HHAE a-Mg FE44 i (3%
Wb, A AT LPSO AH 8] 56 44 [ 1] 25 1 B 2 45

Orowan A I (Acype = M
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/N, TSRS AL A 1 A NI X, 33— 20 ST
7SS . L5 ERTIR, B I RN A R
18R-LPSO fH IR E 5L 7E 58 hik B fef£, 1M 14H-
LPSO KT SRALAE 130 hik S5 8, H R0,
SRR /N o X LR AL BT R B 0 B R
130 h 8 & 4 s 1 e R B B A e 4 5 52 A A
KR, X555 LM 25 RARAT

3 g

1) HIE A4 EERH a-MgHA . Mg,Cu .
B R 5 170 20 A R 2 RATHOIR 18R-LPSO AH AN
i A D BN 25 SOIR 14H-LPSO AHZA R . 7K
H 4 fE 180 C 55 i I 240k 72 H 43 7 £ 58 h #1130 h
IR T AR U, LA AE 4 N 69.2 HV R
70.2 HV, FHELEE A & 10 2 A4 = 20 20%
22%.

2) 55— AN R0 ) B YR T R A
18R-LPSO #H 1 &t P9 47 th 2> & (1) 14H-LPSO #H. 28
AN B AU ) H YR T R R PN v A AR o B
14H-LPSO AHIIHT H o 2838 130 h B 2L IR & &
=R TEERENIIFERE, AP
T I T KB 14H-LPSO A (1 B 38 4k K Btk
18R-LPSO A1 Mg, Cu M I R ELR AL

REFERENCES

[11  #KHNI, #EMA, ZKE, & . Mg-7Gd-5Y-1Nd-xZn-0.5Zr

(=0, 1, 2)BF A A S MR LR Ve RE )], P EE td

J& 2], 2021, 31(1): 9-20.

PENG Yong-gang, DU Zhi-wei, LI Yong-jun, et al.
Microstructures and mechanical properties of extruded
Mg-7Gd-5Y-INd-xZn-0.5Zr(x=0, 1, 2)
Chinese Journal of Nonferrous Metals, 2021, 31(1): 9-20.

[2] DING Shuai-jun, CAI Xue-cheng, LI Zhong-jie, et al.

alloys[J]. The

Achieving ultra-strong Mg alloys via a novel hierarchical
long-period stacking ordered architecture[J]. Journal of
Alloys and Compounds, 2021, 870: 159343.

[3] *B 5, 1% 9, skt Mg-11Gd-4Y-2Zn-0.4Zr & 4 P i
AR SR AR R TE LI, b A R iR,
2021, 31(5): 1188-1202.

ZHENG Ce, CHENG Ming,

ZHANG  Shi-hong.

Microstructure evolution and deformation mechanism of Mg-

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

11Gd-4Y-2Zn-0.4Zr alloy during hot torsion[J]. The Chinese
Journal of Nonferrous Metals, 2021, 31(5): 1188-1202.
FIRAR, v, FA NI 45 5 Me-Gd-Y-Zn-Zr & 42 1)
WO AL 2N 2 PERE (], P B (B 48 4, 2012, 22(1):
1-6.

WANG Zhen-dong, FANG Can-feng, MENG Ling-gang, et
al. Microstructures and mechanical properties of
high-strength Mg-Gd-Y-Zn-Zr alloy[J]. The Chinese Journal
of Nonferrous Metals, 2012, 22(1): 1-6.

JIN Q Q, SHAO X H, PENG Z Z, et al. New polytypes of
LPSO structures in an Mg-Co-Y alloy[J]. Philosophical
Magazine, 2017, 97(1): 1-16.

MI Shao-bo, JIN Qian-gian. New polytypes of long-period
stacking ordered structures in Mg-Co-Y alloys[J]. Scripta
Materialia, 2013, 68(8): 635-638.

PENG Z Z, SHAO X H, JIN Q Q, et al. Deformation induced
precipitation of nano-particles in an Mg Co,Y, alloy[J].
Scripta Materialia, 2016, 116: 57-61.

JIN Q Q, SHAO X H, PENG Z Z, et al. New polytypes of
long-period stacking ordered structures in a near-equilibrium
Mgy,Zn,Y, alloy[J]. Philosophical Magazine Letters, 2017,
97(5): 180-187.

ZHEN Rui, SUN Yang-shan, SHEN Xue-wei. Effect of Zn
content on the microstructure and mechanical properties of
the extruded Mg-6Gd-4Y (wt% ) alloy[J]. Rare Metal
Materials and Engineering, 2018, 47(10): 2957-2963.
KAWAMURA Y, KASAHARA T, IZUMI S, et al. Elevated
temperature Mgy,Y,Cu, alloy with long period ordered
structure[J]. Scripta Materialia, 2006, 55(5): 453-456.

SHAO X H, YANG Z Q, MA X L. Strengthening and
toughening mechanisms in Mg-Zn-Y alloy with a long
period stacking ordered structure[J]. Acta Materialia, 2010,
58(14): 4760-4771.

BI Guang-li, WANG Ya-shuo, JIANG lJing, et al.
Microstructure and mechanical properties of extruded Mg-Y-
Zn (Ni) alloys[J]. Journal of Alloys and Compounds, 2021,
881: 160577.

YUAN Li-tao, BI Guang-li, LI Yuan-dong, et al. Effects of
solid solution treatment and cooling on morphology of LPSO
phase and precipitation hardening behavior of Mg-Dy-Ni
alloy[J].
China, 2017, 27(11): 2381-2389.

HAN X Z, XU W C, SHAN D B. Effect of precipitates on

Transactions of Nonferrous Metals Society of

microstructures and properties of forged Mg-10Gd-2Y-0.5Zn-
0.3Zr alloy during ageing process[J]. Journal of Alloys and



H3REH3IN

BRI, AR B AN RS Mg-Y-Cu & & B ML SR 772 P e

739

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Compounds, 2011, 509(35): 8625-8631.

HAGIHARA K, KINOSHITA A, SUGINOYY, et al. Effect of
long-period stacking ordered phase on mechanical properties
of Mgy,Zn Y, extruded alloy[J]. Acta Materialia, 2010,
58(19): 6282-6293.

YU Li-ping, CHEN Xia, WANG Shao-han, et al. Atomic-
scale observation of 4" and LPSO phase in Mg-Y-Ni alloy
by HAADF-STEM[J]. Journal of Materials Research, 2019,
34(20): 3545-3553.

ZHU Y M, MORTON A J, NIE J F. Growth and
transformation mechanisms of 18R and 14H in Mg-Y-Zn
alloys[J]. Acta Materialia, 2012, 60(19): 6562-6572.

BI Guang-li, FANG Da-qing, ZHAO Lei, et al. Double-peak
ageing behavior of Mg-2Dy-0.5Zn alloy[J]. Journal of
Alloys and Compounds, 2011, 509(32): 8268-8275.

XIAO Wen-long, JIA Shu-sheng, WANG lJian-li, et al. The
influence of mischmetal and tin on the microstructure and
mechanical properties of Mg-6Zn-5Al-based alloys[J]. Acta
Materialia, 2008, 56(5): 934-941.

LUO Xuan, FENG Zong-qiang, YU Tian-bo, et al.
Transitions in mechanical behavior and in deformation
mechanisms enhance the strength and ductility of Mg-3Gd
[J]. Acta Materialia, 2020, 183: 398-407.

LI R G, ZHAO D Y, ZHANG J H, et al. Room temperature

yielding phenomenon in extruded or/and aged Mg-14Gd-

[22]

(23]

[24]

[25]

2Ag-0.5Zr alloy with fine-grained microstructure[J].
Materials Science and Engineering A, 2020, 787: 139551.
FRBR%E, BV oR, 3 &, 55 . S5 IHIE 5 AL TR AR %5 41
i B A & B U R [J]. B A 48, 2020, 44(12): 1325-
1332.

DAI Xiao-jun, YANG Xi-rong, JING Lei, et al. Research
progress in ultrafine grain magnesium alloy by equal channel
angular pressing[J]. Chinese Journal of Rare Metals, 2020,
44(12): 1325-1332.

LYU Jin-bei, KIM Jonghyun, LIAO Hong-xin, et al. Effect
of substitution of Zn with Ni on microstructure evolution and
mechanical properties of LPSO dominant Mg-Y-Zn alloys
[J]. Materials Science and Engineering A, 2020, 773: 138735.
BI Guang-li, FANG Da-qing, ZHANG Wei-chuan, et al.
Microstructure and mechanical properties of an extruded
Mg-2Dy-0.5Zn alloy[J]. Journal of Materials Science &
Technology, 2012, 28(6): 543-551.

FEWeEE, EEME, b5 RIK, % . & LPSO 45 M i Mg-Y-Zn &
SMAL J1E VR AR W AT 9 [T]. AR AL B A4
2020, 41(9): 110-116.

REN Xiao-xia, WANG Ze-hui, FANG Da-qing, et al.
mechanical and  corrosion

Microstructure, properties

behavior of Mg-Y-Zn alloys with LPSO phase[J].

Transactions of Materials and Heat Treatment, 2020, 41(9):

110-116.



740 [ E B4 R 2022 %3 A

Microstructure and mechanical properties of
extruded and aged Mg-Y-Cu alloy

BI Guang-li"?, ZHANG Niu-ming" 2, JIANG Jing"? CHEN Ti-jun"?, JIANG Chun-hong’, LI Yuan-dong'-?

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
3. Lanshi Foundry Co., Ltd., Lanzhou 730050, China)

Abstract: The microstructure and mechanical properties of the extruded and aged Mg-6.8Y-2.5Cu alloys were
investigated by optical microscope (OM), scanning electron microscope (SEM), transmission electron microscope
(TEM), X-ray diffractometer (XRD), Vickers micro-hardness tester and tensile testing machine. The results show
that the extruded alloy is mainly composed of a-Mg matrix, lamellar and block 18R type long-period stacking
ordered (18R-LPSO) phase distributes along the extrusion direction, Mg,Cu phase and the fine striped 14H-LPSO
phase in the grain interior. During the 180 C isothermal aging process, parts of metastable 18R-LPSO phases
occurrs to dissolve and the new 14H-LPSO phase precipitated in Mg matrix. Two hardness peaks of the extruded
alloy appear at 58 h and 130 h, and hardness values are 69.2 HV and 70.2 HV, respectively. The first ageing peak
arises from a great number of 18R-LPSO phases and small amounts of 14H-LPSO phases. The second aging peak
originates from the precipitation of a large number of 14H-LPSO phases in the grain interior. The tensile test
results show that the extruded alloy aged for 130 h exhibits the highest ultimate tensile strength (276.8 MPa) and
elongation (25.9%) at room temperature. The good tensile strengths of the alloy are mainly attributed to the
precipitation strengthening of the 14H-LPSO phase and the dispersion strengthening of the 18R-LPSO phase.

Key words: extruded Mg-Y-Cu alloy; LPSO phase; microstructure; mechanical property
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