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Abstract

Microstructures and phase compositions of as-cast ZK60 and ZK60-0.083Sn alloys were investi-
gated by optical microscopy, scanning electron microscopy and X-ray diffraction. Meanwhile, the
tensile mechanical property at ambient temperature was tested. The results show that the as-cast
microstructure is refined obviously when 0.083% Sn is added into ZK60 alloy. Meanwhile, the
added metal Sn dissolves into the ¢-Mg matrix and MgZn, phase, and no Sn-containing new phase
precipitates. The tensile mechanical property at ambient temperature is enhanced significantly.
The tensile strength, yield strength and elongation can reach 265 MPa, 182 MPa and 13.0% for
ZK60-0.083Sn alloy, with the improving amplitude of 18%, 52% and 44% compared with the ZK60
alloy, respectively.
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FIAXERMEE . S/ B TFEHUBENXFRATIMHT T HSZK60HZK60-0.083Sn 4 4 1 HFIAHE R
MR T BRI EMERE. ERRH, FIK605 4T HMN0.083% Snjg, HHHRA KRB,
E A B IR Sn[E ¥ T a-MgR A RIMgZn A, RAERSSNHIFHE. SEMMIEEREERS, Pk
B JEIRGREE A PK 2 BiX265 MPa. 182 MPafl113.0%, HRZK604 44 HIiRE18%. 52%M144%.
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BESHAMUEE. m LRI, L5 e AU A RESE 1 2 1 RE, EVR4E B A
TR FEGIS IR H a6 2 N H[1]. BIREES & 20 mR SR i RS ar Gk Re, H2 K2
B G 452 L S A 5 0 11 B 7 < A B e 2 D IR R, DA A 0 SR T I R B 4 AR TR LR (R
RIFRF A iE 1t ReAR T BB (2] ZK60 &4/e H TN T 2 AR TR SES 42— Wi RE BA MR 1%
HML T HEA AR, TR B S SR SEEHSNER SRR ER . BATENAMIR AR C)
ZIFRET Y [3][4]s Ce[5] Nd[6]. Yb[7]. Gd[8]. Ho [9]Fl Dy [10]%5%} ZK60 & 44 4R 51 RE SL i i)
WHoE, JERMZ MR EERRTVEE G E. (B RE MRS, A L Zl i IS IS aR & a4t
TCRRITKPESTRH A RE MIKSA SRS & . &8 Sn MG BUICH, HAE Mg T
IR, A8 14.5% (im0 %) . W7 2K Sn IIT Mg-Al. Mg-RE & 2 &4F, BAE T RIEH
S AR PERE R 11] [12], 1H Sn Xt ZK60 & 4204 5 1 RESZ M (OB 70 A& WARIE . Ak, A0k
H A ZK60 A &N INE Sn (0.083%) /G #5415 1A MR AR I, NG S AR RA = 1k B
IS SRR S %,

2. SCOE

ZK60 Al ZK60-0.083Sn 448 1 Tk Mg, 46 Zn, 4 Sn Al Mg-30%Zr (Ji &0 B0 & S EES
SRR IR . Rl Mg S THIRZE 1003 K, RUCK S Zn. IR &4 Mal Sn NN KE A, B2
EIGRTE 1 h WEFERIR, DARIER 3531 ARG IR R iR /5 THIR 2 1033 K, 5 30 min;
JERHE IR A HIE 988 K, BT JE e N TRHGEE 523 K L & B AU b, 388800 MR
B, H CO, + 0.2%SFs (R B0 MR A SRR a1k .

ZFT A A 4% BRI (R R B0 kS, 43 HE Leica DM IRM A950G% B s
(OM)AIEL A OXFORD 7412 H AL (EDS) ) JEOL JXA-8100 A4 Hi 1 & A8 (SEM)_E HEAT 4 40 22,
7K H Cu 21 D/MAX-RC B! X S 2867 S (XRD) L BEAT A AR 53 BT o 2N B BCHR b 4 iz A CFE 72 DNS200
R Rett BRI 0L EEAT IR AR, H AN 2 mm/min. H SEM WS H T TS0 .
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3. BER5VHE

B 1 AE 2 4B REERS ZK60 Il ZK60-0.083Sn &4 OM F1 SEM i . T L, ZK60 & & 85452041
BOHLK, 365 AR E AT ¥R 0.083%Sn Ji5 , F A RN R AR R A 4i1k, RIS AR BRI £,
EHFESR A RAR N, HFTiERE,  HREC A0 0 [EPIR 25 AR B 36 %

3 NHER ZK60 H1 ZK60-0.083Sn A4 EDS i, HARFITE 1 . v, ZK60 &4 HAHR
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Figure 1. OM graphs of as-cast ZK60 (a) and ZK60-0.083Sn (b) alloys
& 1. 75 ZK60 (a)F1 ZK60-0.083Sn (b) & &HI OM BH
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Figure 2. SEM graphs of as-cast ZK60 (a) and ZK60-0.083Sn (b) alloys
B 2. 47 ZK60 (a)F1 ZK60-0.083Sn (b)& 4 h SEM BH
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Figure 3. EDS spectra of as-cast ZK60 (a) and ZK60-0.083Sn (b) alloys
& 3. 75 ZK60 (a)F1 ZK60-0.083Sn (b)& &I EDS it
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FRIEE D& Zn Al Ze () a-Mg BEARSL, ICAEER P A RITEAS B Me-Zn #H, a2 Ze (WLE 3(a)h
Tl 1 R ] DS 8 Ze (WK 3(a) ik & 2 A 3), RN R R IR Zr. AN 0.083%Sn &, %
B AR UELE B B Sn BiAH.

Table 1. EDS results of as-cast ZK60 and ZK60-0.083Sn alloys (atomic percent, at.%)
= 1. $575 ZK60 F ZK60-0.083Sn &£ HI EDS ZR(FETETE, at%)

Alloy Position in Figure 3 Mg Zn Zr
ZK60 Spectrum 1 61.87 38.06 0.07
Spectrum 2 21.11 60.29 18.60
Spectrum 3 30.15 54.58 15.27
Spectrum 4 72.78 26.97 0.25
Spectrum 5 98.26 1.60 0.14
ZK60-0.083Sn Spectrum 1 59.50 31.30 9.20
Spectrum 2 71.93 28.07 -
Spectrum 3 96.84 3.16 -

BFEIR 1

BFEE 1

Mg Ka1_2

Zn Ka1 Zr Lat Snlal
Figure 4. Distribution of each element among as-cast ZK60 (a) and ZK60-0.083Sn (b) alloys
4. 8675 ZK60 (a)F1 ZK60-0.083Sn (b)AEHAThE TEN S HE
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Kl 4 A% ZK60 F1 ZK60-0.083Sn G4 2H4rh & u R K /A Bl AT WL, ZK60 &84 410 Zn o
FRADBEET a-Mg FEESN, K040 T L, TR Mg-Zn AH; Zr JCER /- A3 5 ¥ 0.083%Sn
J&, Sn NEINAI A, AR IR AR I A

N HIEAR, 8T T8 ZK60 Fil ZK60-0.083Sn 4] XRD (WL 5). Al WL, #475 ZK60 &
4:1f) XRD BEFR4E K5 a-Mg FEARKIIESS, BAFE MgZny & 7810 0.083%Sn Ji&, KW EFIH e
g, 2 a-Mg JEAR A AN SR 55 BT 2 57, W1 34.4°, 63.2°, 72.7°F1 90.6° %5 b A AT i 16 558 i B 2. 38
B, 1M1 57.4°% 81.6°F1 94.5° 5K AT 5 I 5 P B R k55 o X PT BB HH TSN Sn 0 43 EE T a-Mg FEA
FAT S XFEIREM, 1E ZK60 &&F N Sn 5 ARAFIER Sn #iAH, WK Sn VAT o-Mg HEfRF
Mg-Zn FH

KT EEE S A AE LI H AR 56 405 28, AR oRL A0 7 V2 (R & S A0 RN A2 T A 3925 HL 4 4,
WUERTRASAH ], H LT A R s 5 3G I T A% S Z R ) A% K K [2] [13]. B G & I8, R s ki g
TR S R 3% R U A AT AT AR 5 o T B8 T R e (038 R R T A% R Al R A R AN ] 2
MR IR 2%, I IR AT S SO i A K R V- ] 7 T Wi 7 AR B A3 T A DT LA AR o 190 2 R S R A3 B 23
VA X AL SR AR IREN 75 T A% 5 05 (A A i 0 e s [ R 4 B i 43 V8 IX A R A% B . 3
J5 76 K 1 F T A KA IR T GRE RER[14]: GRF =Y. mec,, (k,—1), X m N5 i Ao oMl

HHBAHERRLEE, ¢, FH k23 RS | AT IVIGRIR FERNE R B R4, — MRS, GRFEBOK, 4fkhe
TS . Sn FEBE R &I GRF A3 1.47 [14], Kk Sn XS & HA R A S8R, RN ZK60
E AN/ & Sn (0.083%) 5 45 A2 2R R AR B S ARG AER

2 NGRS ZK60 Fll ZK60-0.083Sn & & M= b 7 2# %G AT L, 54 ZK60 & & S IR+
2R e, PURismEE . 8 ARGR B A KR 20 518 225 MPa. 120 MPa i1 9.0%. %10 0.083%Sn J&, 7
et Re R E S, BURIORAE . Ji IR B A 2 4 i $ 5 28 265 MPa. 182 MPa 1 13.0%, % ZK60
BEr IR E 18%- 52%F1 44%. AT W, /b5 Sn AT B3B3 5 ZK60 & 4 H4G 4 SR /122 R .
FITA G 4 05 7 S IR 113 2 B0 M M SR P B R 1) B2 5 SR 6) ZK60 H 4 2 i oA I 1
AR Z T 5 . W0 0.083%Sn J&, ERFFFIE AT T, EHARRERREEE, X5HKEE
Frfeml—5. HT&BMEEENZ Sk, A m AR SR A AW, 10N E 2 M Rk
17, W RMEAZX, MY B T % R RHIE .
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Figure 5. XRD spectra of as-cast ZK60 and ZK60-0.083Sn alloys

& 5. $575 ZK60 #1 ZK60-0.083Sn A& A XRD i
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Table 2. Tensile mechanical property at ambient temperature of as-cast ZK60 and ZK60-0.083Sn alloys
= 2. $575 ZK60 # ZK60-0.083Sn A &M EIRRMSIFE AL

Alloy Tensile strength (MPa) Yield strength (MPa) Elongation (%)
ZK60 225 120 9.0
ZK60-0.083Sn 265 182 13.0

7

X JEOL SEI  20.0kY  x19@ 108pm WD1imn [Aeds

Figure 6. SEM morphology of tensile fractures at ambient temperature of as-cast ZK60 (a) and ZK60-0.083Sn (b) alloys. II-
lustrations are the graphs with high magnification. The arrows are the characteristic of snake slip

6. 575 ZK60 (a)F0 ZK60-0.083Sn (b)& & HIERHHET O SEM 5%, EEIASEIRE, &kt iaBysiE

BA SR E AR SR . BRI, Araaih . vRECEARTIN TAEALEE, o gn g
IR BN R B S EE R IR, ST SIS A0 Ak AR I T D A tH— RS M RE
HEe.

Hi ST A W A% 1 IR G ARG, & TR0 5 IR R B A B 20 R R AR OE , A S EBIAAR T B 355,
T e B 4 it B FNFIE o 5 2 A0 IR o, 5 AR ELAR o 1955 &R 0] Hall-Petch 6 R AR FRIR[15] [16]:

oy=0,+k-d"? (1
KA oy NG BEYE IR k4 Petch R12 . v, & &0 8 IRGREREE SRR ST BN & . B4
WAL R, BUAE T cosgcosME/N, Taylor REK, k (EFIA 250~280 MPa-um ™2, i £ & 4 A4
BRI & AE 5N 68 FiT 90 MPa-um ™2, K B hep 454 i85 & 43l 1k 404k 41 U 5 v it J3E (R 2 SR oy

m

—

.

£ ZK60 &4 in/b & Sn (0.083%))5, HASHLEN KA H B AL, R INK Sn FiET
o-Mg FERF Mg-Zn FHH, I A sm A AN [E A 50 99 2 1 L FE 3 308 S b i ) 2= g B 5 e .
4. &g

ZK60 Aa AN 0.083%Sn Ji, #AHLUR A B4Rk, IINE) Sn [BVE T o-Mg B4 F MgZn, #HH,
KAEKA Sn A MgZn, FHE FTRERE, ESRA TR, &S SERPM F R B3 m, b
BT RGE B A 4 HIL 265 MPa. 182 MPa 1 13.0%, 4% ZK60 &4 B3RS 18%. 52%F1 44%.
oo

ARICRZTRE T = 2 BO0E PO/ N AR E AT TAE R M5B, 5H5h, Rl AR E M
RS IN TR TR B3 R A1 AR R % . LBV PRRE 0 M LU IR SCHE S U T 45 T (R ) 746 B |
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