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Microstructures and room temperature
mechanical properties of Mg 5Zir 3AF (0. 2Mn casting alloy
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(College of Materials Science and Engineering,
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Abstract: The as-cast microstructures of sand-casting magnesium alloys M g-5Zmr3AF0. 2Mn were studied, which
was found to contain 6-Mg and T Mgs2( Al, Zn)4) phases. By adding trace elements Sr, Tiand B into the melt of
the alloys, the primary grain of §-Mg is refined, meanwhile the morphology of Tphase is changed from semrnetted
shape to short rods or spheres, and the distribution of T phase tends to be more homogeneous. In the case of addi
tions of 0.06% Ti, 0.012% B, and 0. 1% Sr, 6-Mg grain is greatly refined and the best room temperature mechanical
properties are gotten. It is also found that the ultimate strength and the elongation of Mg-5Zir3AF0. 2Mn alloy
greatly increase when the alloy is quenched after annealed at higher temperature. The microstructure of Mg 5Zr
3AF0. 2Mn alloy is transformed from binary phase microstructure into 8-Mg solid solution due to the dissolution of

T phase after annealed at 343 C for 17 h, and meanw hile the mechanical properties reach the maximum values, i e.,

0, 245 MPa, §12%.
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1.1 XBEEHHEE

S A 4 B IR MRAE 12 kg HBEL AR B A 3R AT .
SIS V(TR 4. 8% ~ 5. 5%
Zn, 2.6% ~ 3.5% Al.0.15% ~ 0.25% Mn . <
0.016% Fe .4 Mg . ¥8HAE R — 6 AR F
HAT . Zn AL LLEE SR (99. 9%) T2 X DA,
Mn . TiFl Sr 735l A ]G4 AF10% Mn « AF5%
Tr1%B.AF10% Sr B UMA . G&RHEE, 1
T 760 Chl AF10% Sr 8% AF5% Tt 1% B 2% i &b
P, AEET 760 CH4E 30 min BLE, FHVOR M, BFE
8 min . 7 745 ‘CH 7375845 bR R <124 d 10 mm X

50 mm f{JEARRRE, d 12 mm x 50 mm EIFRUERD BB
Tk . BRSSO IR A RS TR L.
x1 LRAEMLERD
Table 1 Chemical composition of
experimental alloys

(mass fraction, %)

Alloy

- 1 el S
No. Zn Al Mn Sr Ti Fe Mg

1 5.32 3.27 0.18 - - 0.015 Bal
2 5.20 3.33 0.24 0.042 0.011 0.016 Bal
3 5.13  3.22  0.21 0.029 0.020 0.013 Bal

4 5.21  3.15 0.23 0.160 - 0.015 Bal

1) Prefurnace addition of 0.03% T1i, 0.006% B, 0. 12% Sr in alloy
2, and of 0.06% Ti, 0.012% B, 0. 1% Sr in alloy 3, respectively.
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Fig. 1 Microstructures of as-cast experimental alloys
(a) —Alloy 1; (b) —Alloy 2; (c¢) —Alloy 3; (d) —Alloy 4
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Fig. 2 DSC curves of alloys 1 and 4
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Fig. 3 XRD pattern of alloy 1
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Fig.4 SEM image and EDS analysis results of alloy 1
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analysis results(c) of alloy 4
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Table 2 M echanical properties of

sand-cast specimen at room temperature

Alloy No. a/MPa ®.2/ MPa § %
1 165 93 5.8
2 170 97 5.7
3 197 112 6.8
4 194 111 6.3
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Table 3 Growth restriction parameter for

alloying element in magnesium''"

Element mi ki mi(ki- 1) System
Zr 6.90 6.550 38.29 Peritectic
Ca - 12. 67 0. 050 11.94 Eutectic
Sr - 3.53 0. 006 3.51 Eutectic
Ce - 2.86 0. 040 2.74 Eutectic
Y - 3.40 0. 500 1.70 Eutectic

5 7Zr . Ca 50 £ M, Sr B GRF {HE /DN . {H
Sr ) GRF {H4Z Ce . Y SETUF AN . BRI, Sr BH
AR RE ), (BB, XM 4 5581
HAWEL LRI — B . Sr ik R ) R B AT g A2
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Fy ittt B LRI, LA s en T 21980 °C, BT A
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1 0001) AT 4EDy 8-Mg AHI = BUBAZ AL, (Eif
BTG . B 2 SR 3 552 RAHZ I
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BTEL Se 3t F Ti e m A RA R BEAE M . F,
B AL BIANAFAE A B R A ), /D

T4 TiB Ml §S-Mg HIMAEEEH .

b A ) R (0001) i, THT A
(0001) s-u 1 AR 4K 2R E

Table 4 Crystal structure and lattice parameters

of TiBz and §-Mg'"™ "', and

calculated disregistry between

(0001) ris, and (0001) s-mg

Phase Structure a/ mm ¢/ nm Disregistry/ %
6-Mg hpe 0.320 0. 520
TiB2 hpe 0.303 0.323 5.6
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Fig. 6 Microstructures of quenched alloy 1 after annealing at different temperatures
() —303 Cs (1) —385 B () —343 T (d) —350 'C
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x5 1T aHE ARG ERE 17 h 5
K ) E I ) R
Table 5 M echanical properties of
quenched alloy 1 after 17 h annealing

at different temperatures

e o O/MPa @uMPa %
323 169 93 5.3
335 237 91 10. 4
343 245 90 12.1
350 66

WE R AR LU R, $RTHIR R . T AE
TK AR B B S IOUL 4548 B R B TR 2
GBI RAS < 0 T B A AT B R B
AR KIS A 2R ol S T B RO T o
MAE 350 CRHATH WL HK G eH (LK 6
(d)), fERAICERKRAET ZUHEITNE, &8
R ) A AL, X MR I e A SURRAE T
VeI, Ser) A SRbEAL . TR L, 15
S 4B R 58 A T R BE DX TR AR 2, BT A& < 2 2R
TR VA T, K 335 CHY M3 & LR &
i

ROFVHELKEE T4 MO EMERY
AZ8IA \ZK51A &4 f =R S A PR ReExs L . wT Ll
A, LKA T4 SH SRR LS X PR &
SHFAM =, kR T ZKS1A &4, H
T AZSIA A BtEmE T ZKS1A A4, HRT
AZBIA G4

w6 LRGN AZSIA
ZKS51A & &M ) AP B E
Table 6 Comparison of mechanical properties at
room temperature among AZ8IA,

ZKS51A and experimental alloys

Alloy State o,/ ®.2/ §

No. MPa MPa %
Mg 5Zir3AF0.2Mn  S.F. (T4) 245 90 12. 1
AZ8IA(ZM-5)14  S.F.(T4) 260 83 15.0
ZKSIA(ZM-1)14 S F.(T5) 250 140 8.0

1) Mg5Zn3A1F0. 2M n #5545 & 42 10 32 B AH 4
A 6-Mg FEARMAT U Mgs2(Al, Zn)wo) LEWIAH .
THILL SRR 73 A fE 6-M g HIA AL .

2) Mg5Zm3AF0. 2Mn & & WA b & Sr,
Ti, B, HLURA T A4, TAH e 3% 22 IR ) W
LA ZORBCRDIR AR, e T4 RS
ZMHT, HJAEY T 0. 06% Ti. 0. 012% B .
0.1%Srif, &AL SR/ Bk KNLE, A%
WA Re Sk .

3) ANFRE R Mg5Znr3A1F0. 2Mn & 4 [
RN SZIG R DL, AE 335 CREW 17 h ¥K 5, &
S IR PURL S RVE YA B T OKIR L S . AE 343
CIEE 17 h K G, HRGEREAR A Bk, 1%
MERERLLT, 9, Ky 245 MPa, S84 12% .
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