H55E el

wmasRMRNEIE Vol.55, No.6
2026 4F 6H RARE METAL MATERIALS AND ENGINEERING Jun. 2026

https://doi.org/10.12442/j.issn.1002-185X.20240836

A AMBTELFIAS GWZ932 4 S a2 20
FMAFEMgERI 0

IT—=' xR, 2ALE, & %L ZEANL B B!
(1. P2 TR MRS T30, B 7542 710032)
(2. P EAGANE LA AR S+ HF AT, Bl B 713102)
Q. WZRIERBE MM ERAR, B 6% 710299)

7 FE. BERFRAE. XERATHEAG GEIREERE T, B BT BT RS A R R A
BB T B S I R B LS GWZ932 8RS S AL SRR S MRS IR . A5 IRRW, ALEIS A S T EH
a-Mg. HUR 18R-LPSO A /i /Z4R 14H-LPSO A, & H L AHAI Zn-Zr HHAA A, 48 500 C [ ALEE 2 h /)2 14H-LPSO JLF58 4=
WNFEAE, [ 4 h G N a-Mg FE FR AT H 40 &RIR 14H-LPSO,  H. B %5 Fef 8] (1) 28 K AR 0 BOR W+, [B1IE 6 h 411k
14H-LPSO 43 5> #iA 5 16%, [H 8 h 5 511K 14H-LPSO AHVE 8 I H B i /7 J2 14H-LPSO (K£J14.9 pm, %E£J8.2 pm),
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~t 29 48 nim 1A 9 K S VLR [ A, S T R ML Y S 1)
93 HV B F 1% 126 HV. | 252058 B i = v 4%
TR ) S T VR ) 4% 1) Mg-8Gd-1Er-0.5Zr & 43R B
R (5 S, P 34 R R ST A S 149 33.0 pm 4]
12 % [ A 5 B BE I 4.2 um, £ 1A 4 0E Mg-8Gd-
1Er-0.5Zr & 4 WP Hz 50 FE  JiE IR o B AR A K %6 23 ) ik 3]
295 MPa.252 MPa 1 13.8%, LU [H & 255 B2 T 80%-
157%F113.1%.

LR, 85 A G L 1 T Bl & B m B v
Wi L& BEEESWRMIIA R —AHR. BEA 4k, A
IR A S R AR 1R B Je B BN AT R B A
S IRNE . i AE R LN SR ILAE Mg-RE & 4 i
AN E 1) (Y/Zn>1) 13 P % 42 J& (TMD Zn\Ni Cu 55 1]
T K JH A e HE £ 45 #4) (long-period stacking ordered
structure, LPSO)™ >, LPSO M/ N—F RE 5 TM J& T
MR P Mg JZ 5 2 BRI HE B A K I P AR At 254202,
AN e % [F) 5 Ak T B THT BB ARG P A LT , ST 485
A RS 1, X AR R A TR T RS R B S B AR A A
1807, H LPSO #H #4 e 5 1 4, ] Jd i 41 47 B 47 5 32
B, Z SIS G e AR R RS R, nT R E R S A
FIR 5 IR R R, LPSO A A7 75 2 14 n Jk i ¥ #2 1)
Il #+ B9 4] I /7 Ccritical shearing stress, CRSS) , i £ 3F 3
THT ¥ R 0 3T 5 T 6 AT S 1 1) e 38 i L 37 A8 T K
WA &2, T & LPSO A L& & A m a7
P RR I VERY . B 2 G 4 BOPR O R [ T2 0 AR R R
18R-LPSO A » 24 55 8 AR e DA R B0k 7 355 0 or
AT ah Tt s M S BB E T LLROIR T A T A .
350~500 °C H il £ 3 ] P K ) ] #h 4 38 ] 3% 38 Oy 14H-
LPSO 4545, LPSO AH AR 43 %50 RS 40 A (i ) 5%
i 9D Y 50 55 5 L 5 9040 AR %5 D) AE O, ok
18R-LPSO FH AT LAHE =165 4 (1) 5 FE ATIE Y, Hu 25005}
AR F 9 $0(26.5%)LPSO # Mg-Gd-Y-Zn-Zr & & 34
WIS )2 P 45 S LT TR B, 5 0IR 4 A7 1) 18R-
LPSO REW A R i AR T 72 A (1 30 245 Fi 45 T
YA A & bR S I Hh R AR 48 B FEAT N . Zheng 2507
TEAR R R 2 B WZ91 £ 42 38 i AN [F) FA A B rp ikl 2% T 4
AR LPSO 7347 » AIIAE dis FEAL T B HUIR LPSO AH L
TE a-Mg JER YT B R0 IR LPSO A1 B A T8 i R 51k 2L
B WuZEP9% Mg-10Gd-1Zn-0.5Zr & & 4 B Va4 B
AT T BAYUIR LPSO AH 1A &, [ ¥ b B2 S5 i 3
4260.8 MPa, {1 % h 16.8% , B 2 kb 2 J5 47 Hi 7, IR T
B B i B 8 E (303.5 MPa) , {H S 30 KK 2R
INENT 7% FEVEAERT RORES T, & A HOR LPSO M &
S AT LPSOMM G & B A EIF M amBTE. pHZ
Mg-RE-Zn & 4 1) £ ZE50A0AH , {2 LPSO AH I TE L #6 T
BRI GRS R UG A R . LPSO

FH5 BUAE 2 TR AR ELAE F AR B AR AR AR 4 4 1) 5 2
PEA 2 52 . Honma 2559 7F Mg-2.0Gd-1.2Y-0.2Zr
RN Zn o, A2 B 7 LPSO AH, LPSO AH ) H 3
BARFEAR T B BORACR AHEIE & T A S, JE 5
AT HH AR AE B S5 25 T 1) LPSO AHSE I T &2 A5k
CLA SCHR 4 SRR W , Mg-RE £ & i3 R I 5 45 4 b
S B o A F HOR 18R-LPSO A, i P 40 A B AR AL A
MR 14H-LPSO AH 1) 7 5 JES B AR B DIREC

A S 6 7E i I SRR RE b, B A% S8 L I v
#% 7 1000 mmx600 mmx4 mm [1] Mg-9Gd-3Y-2Zn-0.6Zr
(GWZ932) BEf LA SR, A 78 1 H A B R Hh i B
B[] %) LPSO A V8 A% 7 52 0], JH 2 e g ] 7 A Ak 34 9 428
Ak A 4 I & 590 A 1) 18R-LPSO AH A1 i I 14H-LPSO
FHIITE S S & 5, -5 052007 HE 1 7R SE I o 9 + 8 S
) A, SRS = i P o BB P B L B M
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LRI, A B AT 8 [T AT 8 365 A B o i T 7 >R 1)
I M ABTEA ) FEUN LRI R, 5675 GWZ932
FEAE 520 CHYLIMLALFE 10 h, 90 CHUKE . BE 5 ke
1E 430 C N AT FLHI R AL, B 2445 2 RS2 1000 mmx
500 mmx4 mm [ A

i F WCR-2CDTA1600 %! 22 #443 #7143 LA 10 °C/min
{10 3 P A 1 SR RS AR AT ZE T, 4
R 1 pT s, BT AL I AS 2 21 14H-LPSO # 1
501.4 ‘CIF AR AR , ££ 506 “Cik FITHIE , ££ 509.5 ‘CLEH .
44 Grobner S VEE G G OC SCHRHRAE 45 2, 1% 4% 500 1
520 “C [l VI FE X L AR TR 5 1) GWZ932 86 & 4 45 ik
FEREAT ORI 18] D 0~12 h 9 [ 775 Ab 22, FE06 PR 2. 4.6
810 A1 12 h AFE AT AL 2RI . #4548 520 “C/4 h [ Ak
PRI, 751225 C AT AN RIS (] A9\ T ROAb 2R

X F Nicon Epiphot-300 % ) 2% & 7l 5 (OM) | D8
Phaser % X 5} £& it i1 X (XRD) « Xplore 30 %4 G i 5 7
(EDS) .QUANTA-400F %! 414 Hi ¥ 2 5 Bt (SEM) . JEM-
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1 LIS GWZ932 & 4K DSC HhZk
Fig.1 DSC curve of as-rolled GWZ932 alloy
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2010 7 3% 5F ¥ 7 B 445 (TEMD A1 JEOL ARM200F % i
£ E I 5 3 471 5 3% B H T S 7 BT (HAADF-STEMD X
BE S ROUL 25 /633547 R AE . WL %Z OM AT SEM 4143, %t
FE S AT WA 5 F 4% BIRSR £ B 1 V0 o 4 AH 41
21, FH Image-Pro Plus 6.0 {4l & Gt 114 4 2 A [F] ]
SN Nl OB LY STy AN WS E= R TR N A o G S
LIRS BELRAE 10 5K 200 £5 147 SEM [ 1, 8 840 T 5 3K
SPIIME . K HVS-1000 %2 5 A A FE 156 RE 20 47 1 5
AR, WBE AR AT N 0.2 N, R #1810 s. BN RAE
Z /AT 10 K& . ] CMTS105A B Hr AR B WL e
T FE AT B AR A B S R AR
SPAT B B S 20 mm B P47 T FL 7 1), Bz A 8 AR i
N1x10° s A LSRR 3 A PATFE S, 55
JEE A 2 I P 354

3 RS5O

3.1 FLAIESEMBLSH

2a 72 #LHI & GWZ932 A 4 1) XRD i, ] LLF
H L S AL E B o-Mg FLPSO AHAL . K 2b M)
P LIS B 4, AT LEL S H 4 SR RLB AR TR, 7 A
KE AT X3 (] 26 B 18 X 480 , KAk 5 /N fiohi 547
P T8 L A 3 R 32 B ND 7 1 B AL T, S8
B AHAE ND J7 1) b 52 B O FL R 271 2K 2R B0
LRI« BGTHELHIS A & P AR N 27 pm.

B 2c 2 5L S A A 410 SEM IR F, v] DL HE #L
BEEHA T ERIK B AN a-Mg FEAK A IR A R K
INAS— B TR K €8 1 2 AR (B < i A 2K L B HUIR A (OO

ea-Mg 2
+ LPSO

Intensity/a.u.

B BL 2> A1 F 2 (€85 AR (DD L AR AR (BD (B 2d) 41
Bo 1 REME A IRE W], K& JEH B, 2 H Mg,
Y.Zn.Gd 4 Foc w4, H(GA+Y):Zn(at%)=1.04:1, $£iT
LPSOH I RE/Zn b (1: 1) . Ay — DR T Tl AR
SEF, WS[112 0], 57 W %€ HAADF-STEM % (18] 3a) , ]
RILIXFPERRAH H— 2% R AR SR R O] 3b) , &
B2 K H 4 AN 4 B 805 (1) RE/Zn JE T J2 A0 3 AN i A s
) Mg J& 1 2 28 8 HE B8 e, HOHE %7 AN
ABABCACACACBAB, i 14 MR F 2 # i — N 52 B
HEF JE # . 5 Chen 55138 i X} Mg-6.9Gd-3.2Y-1.5Zn-
0.5Zr & 42 510 CH AW it 2K A )=
14H-LPSO 45 M fE — 8. & X BT AT 5 &5 R ILTE
(0000),,, F1(00014), ,, Z [AIAFAE 13 ANEAM AT IS P O
3¢), Z W EH A 14H-LPSO M . K At HURAH C,
FH Mg.Zn.Y.Gd JG & H i, H.(Gd+Y):Zn(at%)=1.13:1,
L LPSO I RE/Zn L (1: 1) . 4P 4a i, #5[1120],
dm i Fl L %% TEM AR B 37540 , 3¢ B HOIRAR A2 BT AT B 26 4L
2H R, TE AT 5 BE £2.(0000),,, F1(00018), o Z A 4T 5 AN A1
fRBE £ 4b) , TESE PR AH 4 18R-LPSO #H . EDS 45 i
K UISRET AT a-Mg AR N 72 B PR D &4 K&
Gd(25.53at%) F1 Y(40.60at%) , i & MR e RTINS
B BAREY . GG IR AF e/ 5T A ERURLAR E (B
2d), H: TEM-EDS [ #3945 R W&l 5 iR , Zr  Zn TG 3 E 2
ST SURAH BIAL B MOZAH N Ze-Zn A1 . 83T Image-
Pro-Plus 4t i1 5% [ s AR R 5% (1 G B AR 1) 44 R 7 34
21°50.14%, & &R, B LIS IS XRD M HAAT I H .

2 L7 GWZ932 & 41 XRD &% KA )y
Fig.2 XRD pattern (a) and microstructures (b—d) of the as-rolled GWZ932 alloy: (b) OM image, (c—d) SEM images
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Table 1 EDS results for as-rolled GWZ932 alloys marked in
Fig.2¢ and Fig.2d (at%)

Position Mg Zn Y Gd Zr Phase
A 97.69 039 051 141
B 9571 2.00 0.70 138 0.21
C 88.20 553 258  3.69
D 32.80 0.85 40.60 2553

a-Mg matrix
14H-LPSO
18R-LPSO

0.22  RE-rich particle

3.2 500 CEBRBEMEL D

K] 6a ]y GWZ932 & 4= 500 °C [ 5 A [7] s} [6] f) XRD
B, v LAt [ S 5L H &S GWZ932 & & F 2 H
o-Mg F1LPSO AHA . FLIFE ¥ 2~6 h 2 [H] 26~57.2° 11 20
~72.6° Kb AT 5 N TE B0 G HASS 155, B 2~6 h 2
B IZ T Hr A A IR B I TR K S B . K 6b
& a-Mg FEAR(1071) & TH A7 59 06 1) Jm 30 O J 40 I 2
SR EARME PDF R R HH I (101) & TH 1 20 717 5 A A B
(26=36.619°) , /] LLF ti it 35 [ v I [8] 1) A2 4K, o-M g 44
HIATS A R R AR AR A . [V B[R] 7E 0~4 h 2 [H] 20 W5 72
7%, BE R (8] ZE K 3] 6 h I 20 08 47 72, 8~12 h 2 |A] 20 1§ /&
¥ . Bl 6c A cla A [ s I 0] A2 4 7 28, e B ] b
(i1 5 B[R] (R 2B K o/ (B SR 30 00 184 J5 9 P49 1 ik 11 A8 4L
. 1E0~2 hZ[al,cla fHiZHT It % 1.62425;2~6 h i}

BB, clafH 52 R %, 6 hi FF#E 1.61859;6~8 h
W, cla 18 XCHHE [E] TF % 1.62395:8~12 h 2 [A], c/a 18 T X
NB&, 12 Wi RFEE 1.61617. & 6d HIE i &R 1B [A] 28
2R . R UIBEE B A FR AT, [ AR B 0~2 h 2 [H]
P bR AE LA [ [V P R T B A0, 3 50 it s A A
AR 1S cla{EIG K. 2~6 h 2 [AF% T n R AR BE AR b 1 [
TS EE IR TR » A W AR AT LR 70 G, (75 c/a {ELIR/IN .
6~8 h i - 70 3% 7E B Fk A v 1 [ 3 B2 AT 1S 0 o/a {6 1
Ko 8~12 h 2 [A]H - 70 38 75 8% 5 A 1y [l ¥ o VT Ok
AN, A IR 1S L A G AR S cla (IR . R TER
AR B 6c H AR R AR VR A A — B, BT L
TE R E A R R AR A 5 A R R R A A
5 BUR AR AR, BT LA XRD AT I 25 R A A

7 NELHIZES GWZ932 £ 4 500 “C [ 5 A [F] B[] 1)
SEMAIZH. M 7av] LUE H B 2 h G HEHR R 11
13 AR T 3 A P AL S HUIR 18R-LPSO A1, F J2IK 14H-
LPSO JE A T4k . Xt Eb & 2a 11 XRD 1% (B 62) &
Fm M B AL T (] 60) & BILIEL %5 2 h e 20~57.2°.68.3°
A172.6° 4k 1) 14H-LPSO AH AT 5 W3 2K 5 o/a fE I T =i
TR R A T A, X 5 SEM WL 3 ) 14H-LPSO
BRI R — . YR A E K % 4 h i), XRD
Bt R TE 20=57 2°F120=72.6° 40 BB T B AT A& (K 6,

00014 —> #
- .

3 ]
0000 — ¢ :

EB//[1120]

2 I/nm

3 HLAIA GWZ932 &4 7 /24K 14H-LPSO i [\l HAADF-STEM 4
Fig.3 HAADF-STEM image of the lamellar 14H-LPSO phase in as-rolled GWZ932 alloy: (a) high-resolution HAADF-STEM image, (b) ABCA
building block (orange line), and (c) corresponding SAED pattern

cla Bk o ¥ T JE - NIRRT Y, AH 23 s B 7 B ) A
] (R 4R K BT R A CAD (7o) , EDS 45 5 (36 2) F B 44
R AH (9 Zn/Y=0.38/0.4~1, 5 LPSO #H " RE/Zn 1] Ji
be (D8R . A — DR T Pl e IR AE I 454, W

oo T [1120], & 5 % W 58 HAADF-STEM 1% , 7] %% B3 Fi 41
LIS WA 2 4 P47 B SR HI R R, 101 8a i . €1 8b
BN T %A B 4 A4 BER ST 1 RE/Zn J5 7 2 A0 3 A 4ef
FE B0 1 Mg i = 8 B HESR T B, HHESR 7 51 N
ABABCACACACBAB, £} 14 4N R T 2 il — > 58 B 1)
HEZ S 1, o HE S 7 5 B HE PN IT , ABCA F1 ACBA,
PLBS G BRI 7 sCHES ,  14H-LPSO™, 3 [X HE 747

2 1/nm

4 L1 GWZ932 &5 48Utk 18R-LPSO AH I TEM 43 #
Fig.4 TEM bright-field image (a) and corresponding SAED pattern (b)
of the bulk 18R-LPSO phase in as-rolled GWZ932 alloy
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Bl'5 HLiAS GWZ932 5 &5 TR AH (B 2d # ED I TEM AR K EDS J6 3K 1 73 A1
Fig.5 TEM bright-field image of bright white granular phase (E in Fig.2d) of as-rolled GWZ932 alloy (a) and corresponding EDS element

mappings (b—f)

100 nm

:T;;[gwso a - ¢ o —=—Gd d
vl . I4H-LPSO 1.624¢ 10y et
. Yl v M . ve o e ) = o 9t —a—7n
g X 12h ;JL 1.622} 9§ al
2 oh| 2 //\Lk S 1.620f g 7l
=l Sh = =1
Q o] L o
E " ol E 1.618 S ot
N 4h I N 1.616} 1k /\"\0/\'_.
5T —~ A/‘\a—k/‘\‘\‘
1.614 s ob——
20 30 40 50 60 70 80 35 36 37 38 2 0 2 4 6 8 10 12 14 101234567 8910111213
20/(°) 26/(°) Time/h Time/h

6 500 °C A A HAS [N 1] GWZ932 54 XRD B K (101) AT 55 0 14 JR) S5O 1 ks o U AT 28 SIS TG 3 AR 4T
Fig.6 XRD patterns of GWZ932 alloy solution treated at 500 °C for different time (a), local magnification of (101) plane diffraction peaks of

o-Mg matrix (b), variation of lattice constant (c), and content of Gd, Y and Zn elements in the matrix (d)

45 R R0 (& 8¢) , 7E(0000)a-Mg F1(00014)14H 2 ] 17
TE 13 ANERAM AT BE i, X — PR S B 2 55 A
N 14H-LPSO #H. &4 7E 500 C[#H %5 6 h J5 B A % 7%
()R 14H-LPSO AH AR R 43 B itk — 20 38 n 22 16% (&
7c) o [l VR ZE K B 8 h (B 7d) , 41 K &R IR 14H-
LPSO %t 2 Jak /b , — #4341 K AR 14H-LPSO 4k 2K
KT AR ARAH , — 50 53 3k B A At /b B /N 0 7 2R
A RN B AR A EDS 45 SR a0 3% 2 B, K Zn/Y=1.58/
1.13~1, 5% #1 45 /2 14H-LPSO M AL . 3% 5 i 7
i (TEMD &5 5 2 BH 75 85 FE AR 11 (0001) 7 1 LA £2(0002) &
T 6 IS AT 558 BT 2 8] /14 457 B AR A7 AR BTSN 13 AN AT
SBE s, a0 9 BT, £ AH 14H-LPSO AHHK R AR Al T #
Ko 25 LFTIR, 500 CHEALAH S hjG & &HLh A Z
R EIRAEIE A 14H-LPSO AH.  LEH #4K 14H-LPSO Al fv

JZIR 14H-LPSO #: /7. 44500 ‘C ¥ 10 hJ5 , K2R
14H-LPSO K& I, R AH AR F (LK 7e) o [ 3 I 1]
WEKE 12 h )5, J /2 14H-LPSO £ 10 h (F 5l b4k K
KALE D,

10 4500 °C [ ¥ Ab 2 #2 Fh JUIR 18R-LPSO M58
TORH R B R B AT ) AR Ak il 2k, b BT L BR 18R-
LPSO HH it [i] %5 I 18] ) S A LA R AR . 1X 5 1]
7 [f) SEM 4 Z3 i IR 18R-LPSO AH £ A ] iisf ] [i] 15 4k F
J& TE 3 AR A0 A B S R — 3, 150 B Btk 18R-LPSO AH
£ 500 “C [y b i AR P B B s A deE k. (HEE
A B8 i [ T ) S K e il T 384 o 7 k2> P 84
LA A 450 M ERIL 64.8%,2 h 5 RN F JZ 14H-
LPSO () 5 4= 15 i )8 /> 31 24.6% , [ % £k 14H-LPSO [
BT S A B 6 hi ST & 38.6%, BEE £1IR
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&7 500 “C[EVA AL B AN F I 1] GWZ932 446 SEM [y
Fig.7 SEM images of GWZ932 alloy solution treated at 500 °C for different time: (a) 2 h, (b) 4 h, (c) 6 h, (d) 8 h, (¢) 10 h, and (f) 12 h

2 E7HE XA EDS 45 R
Table 2 EDS results for regions marked in Fig.7 (at%)

Region Mg Zn Y Gd Zr Phase
A 97.82 038 0.40 140 - Needle-like LPSO
B 95.13 1.58 1.13 2.16 - Lamellar 14H-LPSO
C 93.60 2.17 141 216 0.66 Lamellar 14H-LPSO
D 9370 241 142 239 0.08 Lamellar 14H-LPSO

14H-LPSO [V MR BV AL BE 8 h o M & BN 27.2%. 1]
P & 6d 500 “C [F] 75 A [ B[] 8 4k o 35 Joit il 2 AR AL
2k, 7T 0L 0~2 h 2 [AI Bt 5 Fr J2 4R 14H-LPSO ¥4 i, Jik
) G Y Zn 5T & B BT, a-Mg HeAR 7 AR 5
P S8 c/a R (B 60) . BEA I TH I IE K, 2~6 h
2 B FE AR o [ RE A Zn 35 8298020 5 c/a B/ 30E W EHIR

14H-LPSO A~ 238 i 18R-LPSO [ #4451 3K , 1 /& Gd Al
Y JC R MIEARMT A . [E A (R ZE K F 8 h Ak
RE 1 Zn £ & [FITHE LG 2 h{f/0, JR PR AT GETE T K8 4
AR 14H-LPSO Rl N AR H 2> & 24K 14H-LPSO, 243
KRB KSR N R IR 14H-LPSO. 10~12 h 2 [8][i#
# Fv )2 14H-LPSO FIHT H B8 A0 & 21900, TH#6 T 24k
R T S8 G Y Zn & BRI .

B 11 24500 °C & i A HE 14H-LPSO ¥ fi# « AT AT
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) e i A B, AL R B A R A Zn R F 1)
o-Mg B4R B85, T2 R — A R #4488 A1 18R-LPSO
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T o s L R 1 Zn SR AN [ HE R 2 BT B RS
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Fig.8 HAADF-STEM images of needle-like 14H-LPSO phase in GWZ932 alloy solution treated at 500 °C for 4 h (a), high-resolution HAADF-
STEM image showing the ABCA building block (green line) (b), and corresponding SAED pattern (c)
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Fig.9 TEM bright-field images of the rod-like phase (a) and needle-like phase (c) in as-rolled GWZ932 alloy solution treated at 500 °C for 8 h

and corresponding SAED patterns (b, d)
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Fig.10 Variation of phase content in as-rolled GWZ932 alloy solution
treated at 500 °C for different time
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AR G > . HIR 14H-LPSO JE i 1 J5 IR AT e A2 [
Vo U R ) AS J2 DA IR 14H-LPSO #H 78 73 ¥4 %, 1T
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H90.5 HV, 1fii 500 °C [ ¥ 4b #2 2 h J5 il B2 5 F F% &2
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FEE AL B T R AR SRALAE P ek , i
FEMBEAG . 4L ARIR , 41K 14H-LPSO M FF 4 il , 34k
H TR B PR, [ SR A O R IR TS, B R S
N, BB B2 A ERIR 14H-LPSO AHMT HY , Xt £ 22
BTt B EEIR 14H-LPSO AHVH #E 1 B 44 i ot J5t -+ 10 5
B, BT DU /N T 500 °C [ ¥ 2 ho FiE & £HIR 14H-
LPSO #t— KK, f#i£3 500 “C [ 6 hfiff B Fr4 FF%, itk
I EFIR 14H-LPSO (48 FR 73 #0H 16%: 500 “C ¥ 8 h &5
T B A5 BT FF X 2 T 8 h&1IR 14H-LPSO 44 AR 43 %
BE YD % 4.3%,Gd Y Zn B &0 R A 2 A S 2l
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Fig.11 Schematic diagrams of the process of 14H-LPSO dissolution-precipitation behavior
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Fig.12 Vickers hardness curves of GWZ932 alloy solution treated at
500 and 520 °C for different time
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Fig.13 Variation of grain size of as-rolled GWZ932 alloy with

solution time at 500 °C
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B 14 52 5L 2 GWZ932 A 4 520 °C [E ¥ AN [ B[]
A4 . AT LURILE % 0.5 h B 2 14H-LPSO & 4%
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IR 14H-LPSO B &1 105 10 h )2 14H-LPSO JF 4R VA fiFt
FEKIFAI R 12 h /7 )2 14H-LPSO JL -4 #B A (& 14h) ,
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LPSO A1 5 CLI% Fi, i B il 5 45 vy 1R [ 95 Ak B m] DR g
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Mg FeAk bl T 4RI 14H-LPSO, B 45 I 8] & K — &5 7
KA i AR — 350 70 T N AR T H B 2 14H-LPSO, {H
520 “C[H VA AL FE A H I A AR AR 1 h A a-Mg S
o ECEEHT T 2R 14H-LPSO, B AN 1T A % A £HIR
14H-LPSO ATt o 3 B 0 v 1 [ 9 4k 38 2 bt IR
14H-LPSO [ TE A1 #6745 . AT WA GWZ932 & & #A b #E
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14 GWZ932 %4520 °C [ 7 b B [N 18] ) OM Fi
Fig.14 OM images of GWZ932 alloy solution treated at 520 °C for different time: (a) 0.5 h, (b) 1 h, (¢) 2 h, (d) 4 h, (¢) 6 h, (f) 8 h, (g) 10 h, and

(h)12h
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Fig.15 Hardness curves of GWZ932 alloy aged at 225 °C for

different time
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JE£ L JeE PR 4 51 [ %1 309.3 181 MPa, {E i K R 5 2%
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225 “C/64 h(id 9 225-T6) I RUAL B , I RS & 4 9L
$7 0 BE L M 5 BE R i K 2R I8 396.34 274 MPa fll
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Fig.16 TEM analysis of precipitated phase of GWZ932 alloy after aging treatment at 225 °C for 64 h: (a—b) TEM bright-field images, (c) HRTEM

image, and (a,—c,) corresponding SAED patterns
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Fig.17 Stress-strain curves (a) and mechanical properties (b) of as-rolled GWZ932 alloy solution treated at 520 °C for 4 h (520-T4) and solution
treated at 520 °C for 4 h followed by aging treatment at 225 °C for 64 h (225-T6) (UTS—ultimate tensile strength, YS—yield strength, EL

—elongation)
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Fig.18 SEM images of tensile fracture morphologies of GWZ932 alloys at different states: (a) as-rolled, (b) 520-T4, and (c) 225-T6;

corresponding back-scattered electron (BSE) images (d—f)
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Effect of Heat Treatment on Microstructure and Mechanical
Properties of Rolled GWZ932 Alloy

Wang Yili', Liu Jiliang', Wang Liying'*, Yuan Man’, Wang Jianli', Yang Zhong'
(1. School of Materials and Chemical Engineering, Xi’an Technological University, Xi’an 710032, China)
(2. CSIC No. 12 Research Institute, Xianyang 713102, China)
(3. Xi’an Tianli Metal Composite Material Co., Ltd, Xi’an 710299, China)

Abstract: The effects of solid solution and aging treatments on the microstructural evolution and hardness of the GWZ932 alloy in the rolled state
were investigated by means of optical microscope, X-ray diffractometer, Vickers hardness tester, scanning electron microscope, transmission
electron microscope, and high-angle annular dark-field scanning transmission electron microscope. The results show that the alloy microstructure
in the rolled state mainly consists of a-Mg, massive 18R-LPSO phase, lamellar 14H-LPSO phase, rare-earth-rich phase and Zn-Zr phase. The
lamellar 14H-LPSO is almost completely dissolved into the matrix by solid solution treatment at 500 °C for 2 h; the elongated acicular 14H-LPSO
is precipitated from the a-Mg matrix after 4 h of solid solution, and its volume fraction gradually increases with the extension of time; the volume
fraction of acicular 14H-LPSO reaches 16% after 6 h of solid solution; the acicular 14H-LPSO phase dissolves and re-precipitates the lamellar
14H-LPSO (about 14.9 pum in length and 8.2 pm in width), and a small amount of undissolved acicular 14H-LPSO phase grows to form rod-like
14H-LPSO (23.4 um in length and 1.98 um in width). Increasing the solid solution temperature to 520 °C, the solute atom diffusion rate is
accelerated, thus the complete dissolution and re-precipitation time of lamellar 14H-LPSO is advanced to 1 and 2 h, respectively, and the size of
the re-precipitated lamellar 14H-LPSO phase (12.6 pum in length, 5.1 um in width) is smaller than that of the re-precipitated one after solid
solution at 500 °C for 8 h. Precipitation and transformation do not occur during solid solution treatment at 520 °C, indicating that the precipitation
and dissolution of the acicular 14H-LPSO phase and its content are affected by the solid solution temperature and time. The age-hardening curves
reach peak hardness under conditions of 520 °C, 4 h+225 °C, 64 h. On this basis, the age-hardening behaviour of the alloy after solution treatment
at 520 °C for 4 h was investigated and the results show that the alloy reaches peak hardness after age treatment at 225 °C for 64 h. The room-
temperature tensile strength (UTS), yield strength (YS) and elongation (EL) of the alloy under peak aging conditions are 396.3 MPa, 274 MPa,
and 12.7% increase by 23.8%, 7.4%, and 69.3%, compared to those of the rolled state, respectively. The excellent strength and plasticity of the
alloys arise from the precipitation of a columnar f’ phase (about 28.9 nm in length and 8.9 nm in width with an average area fraction of about
11.7%) and a basal 18R-LPSO/y’ phase in the a-Mg matrix.

Key words: rolled GWZ932 alloy; long period stacked ordered (LPSO) phase; heat treatment; microstructure; mechanical properties
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