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W OE: WP LI REEHELED” DA CREEHELH” L EX Mg-Gd-Y-Zn-Mn A 4+ LPSO A K HLH U RER
R, SRR & “HLHHEEHELED TEARE, A4 PuRk LPSO MK, HAMRE, A4 i
NG TR, A A SRR ISR G 1 YERE, BURRE(UTS)IA #) 347 MPa, IHKE(EL)N 11.6%;
2 “TRWAELIE” T2, A4k LPSO MHEHLR, AMAKAl, T EEIE K ET KSR LPSO
FHAS G SR, FUEE G T I ERATRALN, 4G4 RAME R RPTHEE(UTS b 358 MPa), {H2{#
KHRBAREL A 6.6%); FLLiiE, “FLEHEE+HELE” T2 ST HRE FE5LH], e msia 1 2E kb .

XKH#iE: Mg-Gd-Y-Zn-Mn &4:; 5LHI T2 LPSO #H; Ei4lgl;
XEkFRERL: A

FESZES: TG146.21
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1.24Zn-0.87Mn(JE =D, %) &4, RGO A
70 mm X 60 mm X 6 mm [FFEN, 4% 1 R TR
HEATAREE, A3 AR MELHIRE S . o, FER 60- 1
Xof I (1) [ AR R (500 °C, 4 w574, FEBE N TR
G EEAE, JfkE G 2R LPSO AHIHTH: FES
60- 11 % J3; Frp i 32 K AL B Ay (540 °C, 4 hyl 4, 55 56T
WFFR P2 B BE T2 — 8, A S 2R
LPSO #H. #LidFErd, B TEN 5%~15%, 1&
520 ‘CHEATHEEE K 10 min. BFUE N EIEE] 60%)5
W RE R L 28T DI BR 5 At — 2D FL . FLIIAR B
Ji, XA 4T 400 °C, 0.5 h)yZ: W B K.

F 1 AF T ZAHE GRS
Table 1 Code number of alloys after different processes

Code No.

Process

As-cast alloy was rolled to reduction of 50%, and

60- 1
then was homogenized
60-11 As-cast alloy was homogenized, and then was rolled
to reduction of 60%
76- 1 60-I alloy was rolled to total reduction of 76% at
520 C
76-11 60-1 alloy was rolled to total reduction of 76% at

520 C

XA TR SN2 %L S G E AT 4 AT
FE, SRR R 1l i Id Olympus Y62 Wik EE
BTG AHA SO o R & Uf 1 G AAKE, HE—K
P4 B 7 SO 1 O RO T g, IR
F EDS T BO & 4 rp 8 AT RIX R 43 g
XRD YA IR 73 Hr 4 Rigaku D/MAX2500PC ! X i}
LRATIANES FAET, SRR, RN 1008
90°, FHHHHIEA 4 (°)/min. YA FLHIT 0 DIHUAREE A
20 mm, /%N 4 mm, JEEA 1.4 mm 5 2.4 mm F)$H7
(UIDAR N7 = P11 T DA U7 W M o - S T 3
CMT-5105 BUGIALAZHI 7T RESEER AL,  InduE %
1.5 mm/min.,

2 FRIE

2.1 $55FA(540 C,4 hERBRASEERIESR

K 1 iR G540 C, 4 hFIRIR KA ESEE
AL U SEM 5. il 1 WTLUES], %55
SHPAEERE, ARRIEFAR, KNS K&
ST R AR, a2 KR, HEM

KIEEHIR . B85 A7, WA EGE A AL BMK
SEEP AR LSS A, R RR AT A S AL B
B KACPR S, G4 rh F A Fh AL AT BE 2R A,
Horh—#5 U R PR B 0 A T-dd Sk, 53—
53 LA (1) )20 R B oA T ddokirfr, AN dlokr b 200k
AR — 301 . XRD MR HT 45, A4
RS M MgZnY LPSO Al MgGdZn LPSO
A, 847 3 M (Mg, Zn)y(Gd,Y), 454 EDS MR &5 R
BOR, BAGET AN, KA LPSO
Ao IR AR ER S, ShSRAERT B (AT ST Ok, 5
TS LPSO M, U IR RS, il gl At
PURARIL 22 SR N JZ R A2 LPSO.

YHER[21145H, MgZnY LPSO AT DAZE B i F
LR, 1T MgZnGd LPSO MI7EZ A REARTEAER .
i, LPSO g T#A M, zZHU P50 T
Mg-Zn-Y &4 14H F1 18R ) LPSO #, X454
1) Mg-8Y-2Zn-0.6Zr & 4 #EAT 7 (500 C, 16 h)Fl
(500 °C, 60 h)J& 7K IR FR S5, RIL T 14H F1 18R
() LPSO AHAKARAZAE, 7E il [l T R P A S 2K
MASAEHEE AN Mg-Gd-Y-Zn-Mn A3 & 8 T B
AR LPSO #H, IXLEAHALE A SR IAAE . B2,
VAR K5 ) Mg-Gd-Y-Zn-Mn W EEA 2 BTG ST K,
FRIAE [ e B A 2R 1K) LPSO A, AT 75 B K
HBT ) LPSO AH . b i FAL PRtk LPSO AH A #44
IR T B IET , 1 [ 5 Ak B 3 7 o PR AR B B SR A2 4k
M AfORE A Z0TR LPSO AR A A 36 S AR R, T
It i 11473 K Jek e v T T )

22 ETEN 60%8I5LH & S RILALATN S F 6

P 2 JToR ok R B 60% 1AL A 4 1 A T kA
LMo ATLIER], 60- 1 & 4 325 0 255 &
ML, AAFAE R T R A2, B A S
LRI R AR T B R B I PR . AR, 60- T &
G SRR NS, R R SEZ R 4~16 pm, X A]
BB A T [ A B P 23 R R AR T KK S TR EE 60-
&4, FERZRABBALR, SHrRRED.
SERTIBE TR IS, SHE A KRR LPSO MM
SHATHRGR)G, A& TR R ERARTE SR 2R
LU ZEPE 08 2R LPSO M4 4 AR AT I
U, RILZIR LPSO AHRERLIG & &b R A sh A 1 45
Ao JLJRIRUR, VIR K A b KR A0 % 10 2R
LPSO HIEREEA BRI, BT LPSO AHREA RS
s, BHAFBESLARI R T IO9 8, 1 FF& d Aok
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©) ©—a-Mg (@

® — (Mg,Zn)y(Gd,Y) EDS element analysis
¢ — Mg;,Zn(Y,Gd)
: Mole fraction/%
® Point
() Mg Z/n Y Gd
® L A 7988 609 662 741
& B 90.42 3.31 3.61 2.66
As-cast c 88.68 419 425 2.88
Teolde L )1 & ¢
VI}J J As-homogenized
“"JJ I I
10 30 50 70 90
26/(°)

1 BS540 C, 4 h)[E IR KA <) SEM 4, XRD i #1 EDS 45 1
Fig. 1 SEM microstructure images of as-cast alloy(a) and alloy solution(b) annealed at 540 ‘C for 4 h, corresponding XRD
patterns(c) and EDS test results(d)

2 BHUEFEN 60%M%LHIEG 4 B LR AH U AT SEM 4
Fig. 2 Optical microstructure photographs and SEM images of alloys rolling with 76% thickness reduction: (a), (¢) 60- I ; (b), (d)
60-11



26 455 8

T, . fLHI T 20 Mg-Gd-Y-Zn-Mn &4 LPSO K JL2H 4Lk RE I 52 1591

RS KR S 7 191, 2R LPSO A1
AELEAF T E e R A FRE b o tH I 2 38 ] LA 3],
TEELHIASTEAE R A /N A 2 RAH R A T i 241 25
o 25 HHAITE LPSO HIE A FEHLHI 20, Jxik
25 A AT DR N EARAR B HT T, BRI AA A B - )
BH k59, IF B T Sb A WA R EROR, A T Figh
fb, SEM & b3 i FR&S dhdioks ST 20708 2~4 pm.
TEAR TGS R T 77 AL TR Bl 25 445 i R e A T Uk 5 110) T
mAH - ERK K. ME Hall-Petch A3, B4Rk R
SRS B 2 e . HE, ESAT LPSO AIfK
BEGEEL T, T LPSO MIMAELE RS T ki K
Ko e R B4 T e kR .

ZE4 P 2 1) SEM AR ATE 3 (1) XRD Kl 43 #7458,
AL, 60- T Al 60- 11 &4 F A —FloK so it
FEEE —AH, BN LPSO #H Mg,Zn(Y,Gd). 1, 60- 1
G4t LPSO AHRAHOIRIE IR ELHIT7 0] SEANIELE (171
KA, SHIRIES G S, ZEFL TR 7 A3
i, e ILEAE R, Ml T A LPSO
Ao CHR[27145H, X} Mg-Gd-Zn &4 500 'C Rk
ATV AL BRI, &4 (Mg, Zn)sGd 36 A2 I A= ik
W, JENTH LPSO #H, XS5 ARWFFMIS RAHMF. 5
— 5, SR KEEG S, 60- 114 4H K5
2R LPSO A& 1 S HLH17 17 FAT, H/ANH 2
ARARAAE 725wl £ Wrs JLHOIR LPSO AHAESL AR
B RET —m 2, DREPRATEELS] T # 24 T
K, ARHORT LPSO MBEAH KAV Brdnfh. &
LPSO HH& 44652 17N, Hufk LPSO AH W] Ll it
P T R LA R R A R AR J 28200t AR ST
60- 11 &4x, YOIk LPSO AHTEALHII 1 K A T AH B AR
T, RIFERZ St HOlR LPSO A il ik A2 AT OB JBU.

® —a-Mg
¢ — Mg,,Zn(Y,Gd)

P

5 [ RN
o |

10 30 50 70 90
20/(°)

3 R NER 60%HIFL T A ) XRD
Fig. 3 XRD patterns of alloys rolling with 60% thickness

reduction

1, WIIAE G KA. FE, BTE4H
LPSO MHEEAR, &4 MY 12 AN L TE
iRk, Sl A4rPPUR LPSO MIASIERLE i/, R
SPARAS K A LE T 60- 1T & 4 I Eik LPSO 4, 60-
[ &aP IR RSBUN, S AEs), XU 50E Y
RITEALFNIAR R, A7) T4t RT3 B3 A iR e
HUlRk LPSO #H.

Bl 4 Jros o R 5 60% 1%L 4 S il A 1
fg. HIE 4 WLLGEF, 60- [ &4t T EA R B,
R RILF] 11.8%, LG I EReiR s 1 60- 114
& BARH AR IR, HE RN
1.0%, &4 MERE IR ik, 60- 14
SRR TG SR LR, A3 RERA, Ak
SOV IS s N b ok 2 2R 32 O SR AR, LPSO
FRSTE N DATTREL B AR T A 4 10 AR T S 2%
Syth i, P R o i T R AT 1
LPSO #H, PAS—E MR 1, (642 R
J12EkRE . 60- 11 &4 45 i bR b, f7AE KR )E
RASTEAIZ, Al B, I TR A 8N s n
% 3 A (1) )20k LPSO AN A I FHASVE R, DALk
L o B o AR AR AT I, AR ZAIR] 1)
BIEAG R, RKHEUR LPSO AHIX 3875 5) 7= 25 .
T, WA S AR R, BUE R 2.

350 MUTS is 297 MPa, YS is 260 MPa, EL is 1.0%
300 - -
\
250 | UTS is 318 MPa, YS is 210 MPa,
£ EL is 11.8%
= 200+
2 150
5]
100 - ol
50 b ——60-11
0 4 8 12 16

Strain/%
4 JETHEDY 60%IMEL TG G 1 S e
Fig. 4 Room temperature tensile property of alloys rolling

with 60% thickness reduction

23 ETEH 76%H5LH & & BIHR N F %R
X 60- T F 60- 11 & a4k 23t AT L], M Bk
FEIAF] 76%, FTARFEM T WE 5 Pis. Xk
G, 76-I BE ARG E, BT 2~3 mm K
MIAZL, 1 76- 1 4R LURING . HHTINA,
60- 11 A 4B VER 22, [R5 4R 24K LPSO AHHH
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5 J RS 76% LA SRR T

Fig. 5 Sample photos of alloys rolling with 76% thickness reduction: (a), (b) 76- I ; (c), (d) 76-1I

TEEMHL R AER, SRR & S
ANB A, B JEARA AR A St B8
EERGREDH, M 60- 1 HeAG AR NS
PR, [ SRR I Aok () AR TR SRR Sy Uil 3 — 7 i
TEFLHIE R 2 5 I A P i, AR T GE 6
PE, S A SAEELEIAR T R A S R AR

M 6 FLIA < IR T S A 2 2R G AR R v T
CLER], 76- 1 A 42283 S0 35/5) IR 35 Sl it ek
76- 11 G4 I T 802 S5 it bR, ARATHARAEAETR 7
FARASTEAZL. ML T 60- 1 &4, 76- 1 &4k
YL S], SRR 200 4~6 pm, R EL
A TERERESE R, AR T A% G S a4 2.
ELF 60-11 &4z, 76-11 &4 2RAR A 2304 BT s
TR T e E R (R Y AT AN B WS R
b, FEEE SRR ST 208 2~6 umo BE—0 X K R R
76% 5L G 4 1 AR 3T SEM W 434, w] LA
FH, 76- 1 &4 LPSO A FLHITT ) AL
HOR AT, o PORARLEFL AR TEAE R T e hr o

76- 11 & 4P HetR ) LPSO AHAEFLEIER T, RIFE &R
TR, HYCRAETR A Bk, 5
60- 11 &4 A0, 76- 11 &4 A F 22 RAHHLIN )
MG, XL TR AR T R A T R LR )
et

B 7 BioR b R B 76% R LA 4 1) = il v
e, SR NN 60%MIAI L, 76- T 440 i IR o 1 A
PR 29 H 210, 318 MPa 14K % 260, 347 MPa,
I HAPR ARG BN, KN 11.6%; 1 76-
AP KERB 1.0%8ETH 2 6.6%, Hibrik/Eh 297
MPa KK 42 358 MPa. s [KSRVE, #LHIE T &
HH 60%34 K5 76% ), 4 1125k Be AR A BT i,
B3 3 KELHIASTERE S, AR T3 & a ke
X1 76- 144, FUHIE MR, A dk
AT /NEE], SRIRSEH 4~16 pm 40465 4~6
um. A Hall-Petch X R o, =0 +kd "%, @k R
BN, AE R R . Ak, FLHAR R R
i, A4 yeik LPSO AHVEAE L7 Mgk b &, LPSO
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AR, & LT 2% Mg-Gd-Y-Zn-Mn 1542 LPSO #H B L ATZA P Be it 5% 1593

6 & NN 76%HEL A 4 B AT IR A A SEM 14

Fig. 6 Optical microstructures and SEM images of alloys rolling with 76% thickness reduction: (a), (b) 76- I ; (c), (d) 76- 11

400 TS 15 358 MPa, S is 268 MPa, EL 15 6.6%

\

300 UTS is 347 MPa, YS is 260 MPa,
© ELis 11.6%
a
=
@ 200
=
n
100 - ——76-1
——76-11
0 4 8 12 16
Strain/%
B 7 5RO T6%MEL I G A L RE
Fig. 7 Mechanical property of alloys rolling with 76%

thickness reduction

AR A SR BRI, 2 7 H A5 FLI 7 ) &
BY DA IR W E LPSO Mk 4. LPSO MH{ER &+
Y — PP LRG0 BOR, IS AT S IE 0o [F]I
LPSO A AR JEML F 22 25t . XA ih
FAYTA B TR N g, AT RS 0L SASORA T
JERIBRIE . [, AR T4ligk, LPSO AHEAE KM

FVERTE, DL AR B AR hon] DR O 2 1 3K
%[30] .

AN AR R AR AL S SR AR, AT
76- 1 Ba MBI = 0T 76-11 64, L
FE R R, A0 m IR B A KIE T & .
KFZRFNIE—DEBBIRG, GE&ThSaH%E
AR LPSO AHIM AR TEAH 2L, JEARAR IR s ALAE HT kS o
AT BARZ AN dhL, &8k F8
r Al SR AE R, AR LPSO AHVEHLEI 7 it
R, HERABURIE R, B R A S SRR
PREEE M IRTE . S1Ah, e A AR IS £,
JEARASTEH ZA k>, ot G B4 31K 53 1
FEEH .

XL 76- 1 #176-T1 G4 1% PERE, 76-1 G4 HA
B, (RS ERE. NEMAR LE, WE
LI A SRR AR, 2 76- T & S Ar{E )2
RATENL, T TR R R LPSO AHW SRALAE
M, 76- & AR M. Tk 76-11 &4
PAEAEAS TR, HHelR LPSO A ALK HAr A
85y, WA SRR A G, SEOLEMHEZE.
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1) WHESEGEIAT “FUHUE FEA 60%)+H %
W7 JE, Aarb e A gUR BN, BT B A 4l
/NEHUIR LPSO A B Jo I F &k 3] 76%I, & 4R
AN SRR, FIOREU A LR LPSO 48
PAF T BIF L6 127 RE, PLhram%h 347MPa,
K 11.6%.

2) WHEAE S HEAT R KIS, dk i E K
Ko BT R B AN N ZAR I LPSO . & T it
N T6%IN, RAET B R R TR i, TR AR
BIAL, HPuk LPSO MILW B4k, m&AEH
HE PR RIE 358MPa, (HEIPERAE, KRN
6.6%

3) XK E, & “HFLHHREEFLED” T2 )5,
AT IR, BROWATERE FEMELHARE,
MARAR = (1) 124 Ve Re s ah, i L2 G448t
LPSO AHJTEUN, - Ansidis), ST LPSO A
A SR B O L.
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Influences of rolling processes on LPSO phase, microstructure and
property of Mg-Gd-Y-Zn-Mn alloy

WANG Jing-feng" %, HUANG Xiu-hong" 2, XIE Fei-zhou'" 2, HUANG Song" %, HOU Fan"?, PAN Fu-sheng'?

(1. National Engineering Research Center for Magnesium Alloys, Chongqing University, Chongqing 400044, China;
2. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China;
3. The State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract: The influences of “rolling + solution treatment + rolling” process and “solution treatment + rolling” process on
LPSO phase, microstructure and property of Mg-Gd-Y-Zn-Mn alloy were investigated in this work. The results show that
the block-shaped LPSO phases in the alloy are smaller and dispersive after processing with “rolling + solution treatment
+ rolling”. And the microstructure of the alloy consists of tiny recrystallization grains. And then the alloy finally obtains a
good comprehensive mechanical property, UTS=347 MPa, EL=11.6%. On the other hand, the block-shaped LPSO phases
in the alloy are coarser, and its distribution is heterogeneous, after processing with “solution treatment + rolling”. And the
deformed structure still exists in the alloy after rolling, since the recrystallization is hindered by the layered LPSO phases
which precipitated after solution treatment. Then the alloy finally exhibits a high tensile strength of 358 MPa, but a bad
plasticity of 6.6%. The increase of the rolling reduction is beneficial to improve the mechanical property of the alloy. By
contrast, the rolling with greater reduction can be processed easily with “rolling + solution treatment + rolling” and then
the higher mechanical property can be achieved.

Key words: Mg-Gd-Y-Zn-Mn alloy; rolling process; LPSO phase; microstructure; mechanical property
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