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BLEE; 55 =, & LPSO MEEA SIS A PERE T
BT, B NN E 2 AHST LPSO AH O 45 44 |
TV LR S5 L 27 0] JEAT T 3R N RN 4 T 4
T, HIB IR A AEF AR E L4 T LPSO
Y APSSIAR Y IR B S il oo g st 7% N A P4
KT LPSO MR EES 4 1 5 PEREFA N Tl P B 52 e 11
Wb, LIRS LPSO MBS & MHF R AT BE
RS %,

1 LPSO Z5#ZER 5 H IR

EAINT Zn. Cu. Ni. Al JGE Mg-RE &4
W, JEI A EEE S SR SR AR AL 3 T
2, DM G G A IR T 5 AN BB LG 23 A i
FEF AR HEFRAS . ITE K LPSO 45
P, H TR I LPSO Z5H25 M £ 34 5 i,
Bl 6H. 10H. 14H. 18R. 24R, M. 6H. 14H 1
18R 84 &b LA LK LPSO 45441, % 1 %1
%7 Mg-RE-X &4+ SR LPSO 45 J HA%
?E [20] .

KAWAMURA 2Pg 457 Mg-RE-Tm &4

#1  MgREX &4 EHRUIH LPSO 454 f HAFFE

LPSO MHEJRAEN: 1) #i oo R e =il M E 4
HCP 2545 2) ‘B 5 TRt IR o0 5 VR A0
e, T S TR RS RN A 3) M
T AESE R A R [ P BT 3.75% (5 T 43 40
4) M JE A RAT R LG IR 1 RSTR 8.4%~11.9%.
BT, #RKZEEAEINTTH LPSO I I it &
R S Bk E RS %300, LPSO AH
(T O FE— BT LA AN P 3R — & Mg 1%
e BT B S REESP N TR ET
(Y. Zn 55). SASEARSRAL T IR 7137, #E3h T
JEFI3 B, fRHE T LPSO MR AT K, ks
WS 2 7 fh S Abr= A, Rk, LPSO AHALJG7E i 5t
AETE R AR 17 Ao A R 1 2B K

2 & LPSO tHHEAEHNF1EEE

2.1 4% LPSO HHAEF{LHIE

LPSO FHPIHE 5@ FINLELZ & LPSO MHEEG 4
W E A, 23820, Bl ENsMEE
HERTHE . R AETB, BONRAMBE T
LPSO MG LA GompE . MR 55 M A4S )y 241
RERISEI, FI25AE LPSO AH 48 5 3 AL HE 5 T A
BT SR, B RS LPSO AHER & <1
JIEAE RRFT T IR S ) B Al

N T WEFLE LPSO AHEE & 3 an i WML, 3%
B O i BT R B AR T A — 1k LB

Table 1 Proven structure and characteristics of LPSO in Mg-RE-X alloy

Structure type Atomic arrangement Symmetry LPSO chemical composition
ABCBCB Without Mg94Zn2Y4
o ABACAB Without Mg87Zn3Y 10, Mg88Zn4Y8, Mg97Y2Znl
10H ABACBCBCAB With Mg97Y2Znl
ACBCBABABABCBC With Mg87Zn7Y6
4H ABABABACBCBCBC Without Mg87Zn7Y6, Mg87Zn7Er6
ABABABACACACACAC Without Mg97.5Zn1Gd2.5
ABACBCBCBCABAB Without Mg80Cul5Y5
ACBCBCBACACACBABAB Without Mg947Zn2Y4, Mg91Zn3Y6
18R ABABABCACACABCBCBC Without Mg90Zn4Y6, Mg88Zn7ErS
ACBCBCBACACABCBABAB Without Mgl2YZn, Mg97Y2Zn
ACACACCACACABCBCBC Without Mg89Y7Zn4
24R ABABABABCACAACACABCBCBCBC  Without Mg97Y2Znl




FEIHBESH

£, & KEHMERE B A M B 6 50 S PR REATR FE8 Tl Pk BE O 52 )

1205

BT, NN Y F Zn JRF B mATE Mg-Zn-Y & 4211
JFEEEFZEEANZE, SEAE SN B,
B2t LPSO M T B, 1 4 A6 7E & St 4L 1Y) LPSO
AR A ARG AL A F . IM R =& S5k
HAGIHARA 291 GARCE'S 27 XU 21 LU
SERTE S SEIG AT, FEASE B T LPSO MR T8
A4 HR I MO HLEL . HAGIHARA 2P297E LPSO
FHARFR 7350 24% 105 Mg97Y2Zn1 &4 K I,
18R A! LPSO #H58:E &5 (0001)ZE M 7E1T T
B 7 ARG MO 5, ARk S e R, Homik
NUHEL S5 R 4T 4R s L KR — 8. GARCE'S %17
UESE, W SRR il AR 4R 5 Rl (B 5 x5,

£
=
5 A
—— As-cast
“ 100 — Alloy |
— Alloy 1I
50 — Alloy III

0 3 6 9
Strain/%

12

PR 4EtR LPSO MM U T & @A &R 1)
BERR; 22 BRI N SN, a-Mg ShRLAT LK 4
A % # 2) LPSO AH, f# LPSO AHA 52 [ Ja i £ fif
T A e BRI E M A1, XU ZPE R A
B A AR5 2 LPSO AH I Mg-Zn-Y & < it
e, RIAEZERFL N, BEE LPSO AR/ 4K
WK, A a0 MR AR s B3 BN . 32
TAEAERERE . BB &% ) 3 1R S 1 28 A AN

R B 1

LPSO #H, BATE BT Y T 58k . LU PNt 4
ACFRIEE T Mg95.3Zn2Y2.7 &4t LPSO AMHHIE
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Fig. 1 Microstructures and stress—strain
of  Mg95.3Zn2Y2.7  alloy
containing LPSO phase with different
morphologies™: (a) Supersaturated solid
solution+bulk LPSO; (b) Bulk LPSO+
layered LPSO; (¢) Rod LPSO; (d) Rod
LPSO+layered LPSO

curves
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PIANFBE S BT T LPSO AH S S P L3 : — J5 T
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18R LPSO HHI s FALHIAF, 14H LPSO v JE-F
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FLAHBE A £ 55 M B AR BT . SHAO 25D m ¢
T LPSO MX & &9 57 TR M sgma pLEe, 343
ST AR R 42 L 2 i X S s LA, dihr
HEE Y LPSO A RGUEK BERIGTE, X STHFEE
ZheE, MWIMRERLY RERE . &Pk
LPSO Z5H4m #E— i FEFE - sl i 9 25 S a0y
&, Db rIemtHR G & 57 ke . FF 2R
ff/2, HA2:# BRIFFOD %4PY5 5t 7 Mg-Y-Zn &
& LPSO M & B & 495 57 PERE R RZ A, AT
KL, BEIRIE N LPSO AHARFA 4 i Be i K Hh 2 =i i
FHIE I i ISR EE, (BT EEARE 57T ML TR A
Wi TEmNRRAN, ROEZ M LPSO M4,
1B 4 MR B2 B04E R R T B
LT, TAEARR AR 6, BT SR s LA,
KO a-Mg ki .

22 ALK E LPSO HESESHFMHEEM
A
A S A A S O 2 2R AN 7 2= M RE )
ARFB. TR, WHE LR Mg-Zn-Y M
Mg-Zn-Gd Pifi & LPSO #4444, W5 7 Sn. B,
Ni. Ca. AlZ&4TEP LK Zn, Y BER P

X LPSO AHAN W A& R & SAHMFR, TEE. #
AT IR, FETRTT T RS e
PERERIRCI . Ak, AR E RN Dy, Nd
EWitonE, KETHME LPSO MHEEA &k
RUOH xRt il — b E T & LPSO A &
MR L, —EfRE L3I T & LPSO e &4
RS o
BRI T Sn TCEFE A Mg-Zn-Y &5
BEEES . BKEFTES TR %
PERERISEM, BEFCRI: WINT Sn JUEE, HEE
fb R E AL, 18R % LPSO MK A K, HAE
Hhns 2t 500 CHSIRK)E, &4 LPSO AH
B AR N EOIR, LPSO AHIITHAR AN 35%38 I 3|
58%. Mg6Y2Zn A 4% He Jo Ji At B2 ANt har 5 BE 4y
%A 280 MPa £11 370 MPa, iM% Sn &4 1)@ ARk5H
FE AL HL 98 73 594 334 MPa A1 401 MPa, H¥81%
JUEARRZ W, AFRIELIL, 14H B LPSO AfER
FZREA MY, 1 18R 7 LPSO I fE & 25 12
R E MR, Bk, Al A S A A
77 A 4 14H BRI 18R Y LPSO M AR5
B, ASHREARNMEE. DoRE IR B ok
Xf Mg-Zn-Y-Mn &40, KT B uHRM
Zn-Mg-Zr-B H Al 54N A 2| Mg-Zn-Y-Mn &4+,
REMS AL BE & & dbokl, I T DUk 18R &Y LPSO
FHETAE R, #06 W AT . Ak, & B JoEM
Zn-Mg-Zr-B A& &0 ARG £l A Fi4h il 72
AREIRIER, FEReME A I 45 i f R . 78 divkE
4045 LPSO HH s b W 3L R A H T, N
Zn-Mg-Zr-B 9 [H] & 4 (16 4 ARG | P o B F
KR 535k %) 345 MPa. 350 MPa il 15%. LIU
SEBTEE S NI B4R Zn X Mg-Y-Zn &4 44U
DI PERERISE I B 7RI, ) NiAQE Zn J5, LPSO
FRAME A DD PR AR S B N 5 2 PR 385 i 328 5 1
o, SEEHSEEERGRER S, Bz, i,
LPSO AHMIEZS B HHOIR B A k. AT
5811 5 Ca F1 AL X Mg-Gd-Zn 442117 LPSO A
FI1ERE R, RILAIND &= Ca AREE S
LPSO ML, (He (g Mg-Gd-Zn 41 W AH
PR KR IR, 28 VA AL B BE Ve # JG F
£ 390 C FHfIk, HIZAMERA SR HELE
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Mg96Gd2.5Zn1Ca0.5 & &+t — Dl nigE Al Jt
=, KIGE Al JGE e [F I 525 Mg-Gd-Zn RE
SOREERIEYE, KON Al STERAEHE S Mg-Gd-Zn-Ca
Ha W MTESS T EEE T MR 18R A
LPSO #, FH4EH ALGd JtE&Y. 77!
AR : Mg-Zn-Y A& Zn. Y BERILE A4S
MM RE I, B2 Zn, Y BEREGERR 1,
BEEFERN W AHS SEE SRR 3EIn; T
M Zn Y BEIREG/NT 1B, AR LPSO A& {15
A G TR T PR T PRI . PR TR 24 I i [
BB Mg-Dy-Zn-Zr F1 Mg-Y-Nd-Zr &3 54>
R, TFRTENRRINA M IRE .

3 & LPSO HH#ES &AMt 5E

LPSO MHIAFEA DO B & 1 /1A REA IR
REGIR, 38250 & G B iR e . AT 05
PERETI . HAT, FE WSS LPSO B & &1 E
VERERIBT SO B . % T LPSO AN B 1
TR REAT FIIE A X — [, WF T AN

=

o AFEIN T T ZRA R R A4, AERH
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LIU M1 58 7 LPSO #I% Mg-Gd-Zn-Zr &4
i e M R 2 e, AR EH . LPSO AHAE & #
Mg-Gd-Zn-Zr && Wi, e seE
SRR, R AR AR B E T M
RAB R E— 2o kB, LPSO M5
o-Mg FER AL ZE N 243 mV, TG4 3t &
S HEARZ A AL ZE RN 290 mV, Kk, AHXTH
PEAG ¥ LPSO AH BRI T 1k i B S ik i Ok 3 g . I
2 FRoN LIU 2538 Y (¥ LPSO MR TH & 4xmit vk
INLE R . MZEFEAE 3.5%NaCl T, AN
RHEREGEER T4 K64, JEhE e
FEgdE, BEEYECEE LPSO Mt HM. T
LPSO AHARXS TR AT e i, BT DA S i v
Fik LPSO AHES, &y fesZFH: LPSO FHMI 731
FOESE, X R I BELPA1E F At e, e

Beginning stage

Initial stage

Final state

H’ Ententic or LPSO phase

N
¢y | ZnZr

B2 AR SR T4 bFE Mg-Gd-Zn-Zr 45 42 Ji il 2 &
Fig. 2 Corrosion diagrams of Mg-Gd-Zn-Zr alloys in as-cast ((a)—(c)) and T4 treatments ((d)—(f)) at different immersion
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BRI A BE iR, LT &R T HES
Mg-6.5Li- xY-yZn & & RMALRME AT N, 5L
I HAIESE T LIU SR, /T4 LPSO M LA%E4:
P4 288 F2 A0 AT A i FRRb I S e A AR 3k 2 ]
(R pfBE, B T ISR ME . ZHANG S5 7t 2%
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I HH B P S e P R SR N8 AT R T A
SR, HAhFFRE T AN A Sk R, B
T LIU &™), L1 %5 ZHANG ZUORq 145
#o WANG 25704808 Mg-6Gd-2Y-1Zn-10.3Zr &
4 7E 0.1 mol/L NaCl #1120 h, K3 LPSO
FEAE S AR AR 0 T e e A FE ok, AN FRAE 5 4 (1
JE kg . TR BB S AN 2 Mg-Gd-Ni &
& AE 3.5%NaCl HF R AT A, FF 5 R B : Mg-Gd-Ni
A4 TEEH a-Mg Al LPSO 4L, FE#E Gd il Ni
TLER RN, LPSO AHMIARR BRI 1 hn
LPSO AHHANESE ) J= FrolRAE AR, 217 H
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J I o

\.\'-m " -

M &
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PR LPSO #H: 2EJ5 A Jii 1, & Ni J6 & 1) LPSO
FEAE R BH R AR Je i AR T o, b5 TR b 2 BEVR
LPSO ¥ J&, &S G & REARm ki 5E T % .
SRINIVASAN 2™t e % 8: #2 Mg-10Gd-xZn
(x=2, 6, BT H)E ST HZIR LPSO FHH 2 it
HEMLRIE M, FEOZA S E A —
B8 S 4. ZHAO DO b wh ot 7 4 &
Mgio0-3(ZnY,), (1=<x<3, FEERDE) A SIEBAE
WA BERAT . AR, Mx A1, 20 31,
HE PRI ZAHEE N 18R U LPSO A, HARF
BN 25% 48%- 66%; B LPSO & &Y
I, RN GE, SRR ek U G R, &
S AR B b R K WANG 2P 5 7 R R KA
WA FPHEB AL Mg-Y-Zn & & E R RAERE
AT R, WA REY], AAH— LPSO FH(18R B¢
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EREA SRR T, i AR, B
T FBOR AT &4 LPSO AR, TEAR
G3AT, PSRN LPSO AHEE & G il R A R 4%
ks AR g T VAL B S A Mg-6.6Y-2.6Cu-
1.2Zr &4 LPSO AH B4 LA SO & 4 i ek 14
Re M sz, 25 LW . B VAR E NI
(420~460 C), LPSO AHZH D, fhkr T 36K
[ EE N 460 CIF, LPSO ME &2k, it
— B TR, & LPSO MEEE & MAT N HE
& b R ek 77 20 FEAMNAL Hy LPSO A ks, &
& EMK PSR EA XK. CHENG %
W Mg-Zn-Y-Ti A4 EI: miR Ak B 5%
BEETHYUR LPSO HEE AR LPSO AH, i
I T deobr B ZRAH BT H . & AFIR LPSO
FIRIA 4 &S YUR LPSO Ml & 4 BB EI 51
T TR SR B A TS e e (LB 3). ZHANG 2587
Xf Mg-5Gd-1Zn-0.6Z1(GZ51K) & &M R KL, )k
A G E R I H TS I il T S R T 1 5 I S U
I, XEESER. LPSO S5 ML LA &
BEAHIE KA K.

4 578

& LPSO Mgk & &R HAA RIFIZRETERE
S RIE - E AN B 5 2 rh LPSO M4 37
RS ER AR B O 2 T BRNRAN RSN
WHFE. WG e AR T FB, ik
& LPSO MEE A IRMOEH . $eTt & &) 1A
Mk RE . BRARE BA, BRI —BUR Iy
& LPSO Mk & &M st E & ERERENE, H
IS & LPSO AHBE & < 8 AT W AIHLER i F 72 I8 1R
ARNMFRGE, XT LPSO AHE & 4 Mud #2 v i
VEREAAEE 2 7 B8, T B ST FL A 6L
I ERTE
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Effect of long-period stacking ordered structure on
mechanical properties and corrosion resistance of magnesium alloy

MOU Yu', MA Yan-long"? ZHAO Xu-han', XI Guo-giang', MA Kai’, WANG Jing-feng’

(1. College of Materials Science and Engineering, Chongqing University of Technology,
Chongging 400054, China;
2. Key Laboratory of Advanced Manufacturing Technology for Automobile Parts, Ministry of Education,
Chongqing University of Technology, Chongqing 400054, China;
3. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Recently, it is found that long-period stacking ordered (LPSO) structure can be introduced into
magnesium alloys through proper alloying and heat treatment processes, which can improve the process ability and
mechanical properties of magnesium alloys, obviously, and also have some positive effect on the corrosion
resistance of magnesium alloys. At present, a large number of basic researches on LPSO-containing magnesium
alloys have been carried out at home and abroad. Although there has been relatively deep understanding on the
structure and formation behavior of the LPSO phase, there are relatively few studies on the mechanical properties
and corrosion resistance of LPSO-containing magnesium alloys. After a brief summary of the structure and
formation behavior of the LPSO phase, the research status of the mechanical property and corrosion resistance of
LPSO-containing magnesium alloys have been comprehensively reviewed in order to provide references for the
development and performance control of new type LPSO-containing magnesium alloys.
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