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#H E BETARAMDEAGTEE ZK60-Y S48 SMMASH AL K2R EN. SREH,
BT ATRRN S LA RRARENEE. XRD 447%H, M EER MgaZns, MgaaYs,
ZnoZrs f1 w—MgsY2Zns. MgeZns 1l w-MgaYaZns S HAHMR . JEREAEREERHS AR
EXEEHIIEEREMER. BESTRBEREFRIMA MgsYoZns MKk Tq f1 Te FTHAR
FERE MgeZns MESEHEHEREHEERE. ADERRSMHH MgsYaZns #HMHE RS
it MgoZns MERERRS TH/MISRE Ts 56286 RRMTTHREMBEE.
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ABSTRACT The influence of heat treatments on the microstructures and the mechanical properties
of forged ZK60-Y magnesium alloys was investigated. The results showed that the direct ageing treated
alloy has superior tensile strength and plasticity. The phases in the alloy mainly included Mg2Zn3,
Mga4Ys, ZnaZrs and w—MgzYaZns. The size, quantity and distribution in the magnesium matrix for
MgoZnz and w—MgsY2Zn3 have great influence on the mechanical properties of alloys. Zonal distributed
bulk MgsY2Zn3 phase in the forged state and coarsened lamellar MgaZng phase in the T4 and Tg states
were the main reasons of degrading the mechanical properties of the alloy. Small zonal distributed bulk
MgsY2Zn3 phase, fine lamellar MgaZns phase and refined grains made the alloy in T state have better
strength and plasticity.
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BEE & RA m LUIREE . MBI ERE R RIF R iRt (2. (R, SHE ML, #4
SHREBR, EHEE BESEeSRHENEEIMRERIG SR, HET RN
PALFDIRAL S Bl ORI LT R R R B A SR B AR SR 8L e PR TR
XA S ZK60 RHTERER M C A HGE 1. MBS & # AR s T RE B
KEFBSERL. BALEERT Mg-Zn-Zr-Y $64 & IHOAL M Z I B RARBFFT 001 X Hepf
FRMET Mg-Zn-Y, Mg-Zn Hl Mg-Y MM FAT HER. LT Mg Zn AT HFER
ol 12, (HR X AT AR Mg-Zn-Zr-Y $68 & 1 AERE MM IR A RO, MG &2 A
[ RS HE 5 ) ) AR LB Z AR A (318, ASCER MR ZK60-Y e Sb AT A 34
AL, BFFERAL BEAE A R H AR EE A4 A 1 A P RE B ST

1 =T B F &

TRATR A E B S S ZK60-Y, B ITE LY i m el gt se ik, FEESHE AN SFe Al
CO, BRI EHIZRMAET AN 1% YURE2 3, THE), 6.3% Zn #1 2.0% Zr, RAMBFEG, FHiEH1E
B4k 650 mm, 5 690 mm HEES & R4, HEERSH: Zn 6.26%, Zr 0.78%, Y 0.66%, H
AN Mg, WRBFTH AT 04 B853S ZK60-Y B ETE 390 CHrxé AL —#IE # 80 mmx
600 mm HJEAR, BEH A 20 : 1.

IEESEEHIT AR, Bl Ty 4b3E, Te S0P Ts 0. Ty LFE: 7E 500 TTF
BE¥ 2.5 h J525¥; Te AbFE: 7 500 C TR 2.5 h JFEW +180 THIAL 15 h; Ts 4bF: HHETE
180 C TRk 15 h. WA AFEACEK S LM TR E 25 mm, HR 5 mm MFRHERLHEREE,
R AT TR D).

1E MTS(858.01 M) HfiRIHl L3t =Fhet & iR T EE AN 1x1073s~ ! MR
5. FRAEHR D/max 2400 B X HRATH LI ARIRES FHRFE#EST X SEREMT, KA
SEM(XL30-FEG-ESEM) 1 TEM(JEM-2000FX 1) WAE#i & T £ RS T oY EEH H A4
IS, @il Yo BBE (Axiophoto 2 image) XT&IRZS TIAFEM R AT T WANE 86 2
T ek T, X EENT 0 #4177 SEM(XL30-FEG-ESEM) %2

2 $R51®

2.1 $ESM T &

Bt SH Ts &5 ZK60-Y B & M Sk RO RZE/D, HV BB RSFRAH 6~7 pm(E
la, b). XULHIXT & SHATHEEMNBGERLTRARKK. Ht Y SR T ZK60 5 &+ Zn
f e BE, T OR/ T B Bt I, kAL 1), 7EBR G @MER I CR Zr MUNBESE A, (R ROE
AR, AT SoRL Ak, B R 8 EL A S S P4 wh AL T kL.

M 2 T, BAESH Ts 6 & EEN A MRB AL, IWE 3 LA, B S
Ts SEEH EEMAMRIERETTH EEARE w-MgsYoZny M, T Ts S &E0H 1A
(¥ B IR Mg2Zns A8 (& 4a, b). EDAX Al (& 5) RH] w-MgsYaZng M2 —Fh&/RIAL &4.
TEFEZS ZK60-Y BE6 L 2 b o i BBE 77 I AR AR A £ 4B AL, (AR M A FE AL 57 L1
SRELA YR ERE T S0 BERERE %SRG4t HyBES+H
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1 BulEA ZK60-Y BE &AL HEATE M HMAS
Fig.1 Microstructures of ZK60-Y alloys (a) forged states; (b) Ts states; (c) T4 states; (d) Te

states
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Fig.2 XRD peaks of forged ZK60-Y alloys after heat treatments
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3 RIS ZK60-Y $a &R MDA
Fig.3 Phases distribution of forged ZK60-Y alloys (a) forged; (b) Ts state
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Bl 4 B ZK60-Y B4R MATE RN R Mg2Zns 4
Fig.4 Distribution of the lamellar MgsZns phase in the grain interior of forged ZK60-Y alloys
before and after heat treatments (a) forged; (b) Ts; (¢) Ta4; (d) Te states
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Fig.5 EDAX spectrum of Mg-Zn-Y inter— Fig.6 Strain-stress curves of the forged
metallic compounds at forged state ZK60-Y alloys before and after heat

treatments

w-MgsY2Zns MHENSHLEREBE T AL HIEEREF M5S0 MTF Ts &, 7£ 180 C
15 h BB AL B AE w—MgsYoZng A EY Zn 7EMR BEBE R IK 3 T ¥ BUE A EAH 5 Mg AL
Y16 Fr B AR MgaZng #, { w-MgsY2Zng A6 H R ~FH Frig /.

M 6 AJLAE H, BEEEMN&E ZK60-Y 866 &#H17 N T3] ARS8 s W TT LR B fn g
P, HPPiRE o, X 309 MPa, HBES THKLAE 50 MPa, IEMR § Ak 18.7%, H i
ESHIE 50% 24 . TEX PR T RACER & &b T B AR MR EA A, E B2
A2 Ts ZE&F w-MgsYoZng HMRSTHFFR/D, FFEHI T 4/ 2 H BARS A # MgaZng
FH.

Bt ShL R LA BT O B B S MK B EHOIR S0 B KRB BN AL, (& 7a), T Ts 25
AERB O ESE B8 i BREIENR, EW O ETUERKEREET BN EHIR AT
INRBERRR R (B 7b). AT, SEBGESHE, Ts S6&FRTH/M w-MgsYoZng FF4E/N
2R ERE MgoZns fHEHRREAMRR I¥HERYEERE, NN HAH w-MgsY2Zng BIR
TR &1 EREE B B BRI,

2.2 T, 7% Te &

£ 500 CREW 25 h Jg, Ty 1 Te SF SR BRI BR K, SRH T RFKAH 80~
90 pm(/ 1c, d). EBEFEFEE, 7 500 CEWF 2.5 h, FHHEFLH Mg-Zn-Y HEET 28, WO T
R R B TR, e SR BERK.

T4 F1 Te BEEWEBM A KBTI FER MgoZng HARE w-MgsYaZng #H, 5RE w-
MgsYoZng M EBESMEZMAEFLL (B 8). M7 Te SEEFEAR KBRS AH Mg-Zn
Zn-Zr #i. T4 M Te ZEEHFH MgoZng B A FIBRME 4c, d FiR. Te HEF MgoZng
FHMIRE A HY Mg—Zn #1 Zn-Zr #H#) TEM B WA 9 iR,

R 1RH], B3t Te LA RASE R ARIRE, HAEFTIA 124 MPa, H T4 AbFEATR 40 MPa,
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7 S ZK60-Y S SR ERE AN O SEM BA
Fig.7 SEM observations of the forged ZK60-Y alloys before and after heat treatments

(a) forged; (b) Ts; (c) T4; (d) Te states

BE 8

ZARFLHBER w-MgsY2Zns 48
Fig.8 Residual w—MgsY2Zn3 phases at triple

boundaries

{ERHIBHRAR, HEEMR 6 UF 10.8%. 5 Ty
B, Te SEERAREHREN EBFERZ
FHRBIRE A Mg-Zn Ml Zn-Zr 8, XL
B2 SR BRI BEARE A AT RHR 2R L,
HIBIRIRBELN 124 MPa. T, 51 Te &
A AL R T R K, T EL Te AR IR BORAL tLf3
FHAH 2B PEFE AR

WO HTR Y, Ta M T BEEHBTES
AL IR 45°, J& T 81 BAYBIUIRTR, HA Ty
I Te Z5HT 0 R d R ESUIMER R R
FEM BB IR B A, R
I - R A AW (A 7c, d). HUCATR, Ts M
Te S8 & PREIEMH FER MgoZns R
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B9 TeATH TEM ML (a) HZMR Mg2Zns A; (b) FREUH
Fig.9 TEM observation of lamellar Mg2Zns phase (a) and dispersed phases (b) under T¢ state
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Table 1 The mechanical properties of alloy at different heat treatments

Conditions 0o0.2/MPa  o,/MPa  Elongation/%
Solid solution for 2.5 h at 500 C (T4) 84 244 13.2
Solid solution for 2.5 h at 500 C +aged for 15 h at 180 C (Tg) 124 259 10.8
Aged forl5h at 180 C (Ts) 129 309 18.7
Original state(original state) 127 267 12.1

e FHENTFERRA. HE, 5 T, SHE, 380 Te 62 HEE KB IR
# Mg—Zn F1 Zn-Zr F{E LB E S HERERE, X7 ui B T IREGRICH B
2.3 T; &% Te &

RIBESAMEE, Te BHEHBRITILERTE Ts 448 10 . | Hall-Petch® 6 R 7]
1 Ts B8R EAREE N BMRT Te SH, HELEREIERA T SEEWERBEYS T; BF
SFAF Y (FE 6). X H I P A B A A 38 B A B A 32 B R 2 sl RO A A B R
MaA. HE Te SEEMHETIEEREAHEN Ts 620K, X585 SEWMROHEZMGT
B TSOR 2 4 5 VI AH Y.

YL EZERRH, Ts 6 M FEBEN HAD B RTE/NG w—MgsYoZns FFMAH/NE FEAR
AR MgeZng A, T T DEEH FENTHAATAK FZER MgeZng A KEIRES AR
Mg-Zn 1 Zn-Zr . BT O HTREA, T ZRFERTE SHrf A aIAL 45°, J& T 9 BB VI, Te
R EERI T R B R BRI IE R i ER W A B A B85 R iR e BUR 4R, B T3 -
ffE iR A AU . W7 Ts AR 7R B B A IE 0T, SLIT 02 i KB BRI R A EH) S T w40
/B MgsYoZng MR, #R)B T 28 a2l

Ts 1 Te AFEERGEAPBALHE, FBEEJET Ts ABEEEEX G ST, T Te
RbPE RSt & & T A B A TR AN FE. XA T X RO, Ts 388+ R
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B/ w-MgsYaZng AH, 40/NEF RARET MgaZng AHFIAH/NA SRR 4 & REA BAE N2
TR EERIE.

3 & »

JUMZERR &4 T RAEH & &, St N THREAER (Ts &) BE5EE44$ ZKe0-Y BF
FEAREL YRS, B ZK60-Y & F RRBHREARAME MgsYoZns fK Ty A To
SEETHLERRRE MgeZns MHFEETAOBHREMBNE. Ts SEE&PHPEFTRI A
MgsY2Zng MR FrARIM AT MgaZns F R HAALH SR, I RA BRI PIhR BB .
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