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Microstructures and Mechanical Properties of Mg—6Zn—-(Al-Ca) Alloys
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Abstract: Tensile strengths and creep properties of the Mg—6Zn—(Al, Ca) series magnesium alloy are tested by using
WD —-10A electronic universal testing machine and RD2-3 creep tester, and the effect of microstructure on high
temperature properties are investigated. The microstructure analysis of specimens is carried out by means of the
metallographic microscope, scanning electron microscope and X-ray diffraction analysis et al. The results show that
as—cast microstructure Mg—6Zn—2A1-0.3Mn (ZA62) alloy consists of the a—Mg and eutectic phase Mgs;Zny,, the
eutectic MgsZn,, have been gradually replaced by Ca—containing MgZn phases and T phases when Ca is added into
the ZA62 alloy, further addition of Ca leads to the increasing of grain boundary phases with another new Mg—Zn—-Al—
Ca phases. Though the grains have been refined by addition of 0.5% Ca obviously, both strength and ductility drops at
ambient temperatures with the increase of Ca. For Ca additions, improved elevated temperature properties are obtained
as compared to the ZA62 based alloy due to the thermal stability of Ca—containing phases. At the creep condition of

175 C/70 MPa, the creep strains of alloys Mg—6Zn—2Al-xCa increase with the decrease of grains size.
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24 7ZA62 Bal. 6.0 2.0 — 0.3
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TE e Bl o s
K3 MAFTREE CaFAENER SRNMAF MR

iR 200 °C
CEo o  owl 8 o w8
MPa MPa % MPa MPa %
ZA62 208 101 102 118 73 20.1

ZAX6202 186 104 6.9 122 88 174
ZAX6205 162 98 6.0 127 90 9.0
ZAX6210 147 94 34 117 87 6.0
ZAX6220 119 87 20 108 75 5.6

2.1.4 ¥EE MR

ARSCIIR T 45 & M E R PTG A PERE , WAl 8a,
b 7R R L 42 43 BIAE 150 CCHF1 175 °C, 70 MPa
FAF T RN AR A £ R IEI AT I 25 100 h 8RR
LIS A EYIR KA WAL, HAE 5% AR B R Py 3 O
TERRASRAZ Y B, 7E 150 °C/70 MPa 451 T (K& 8a),
T Ca A 4 25 5 725 3 5 1 A8 4iE fif S5 ] () B4 T



38- R AR (SRR ) 2012 4F

250 125 200 f :
AU TS eEauTs |20
v < =JY.S
200 | }35 120 160 | o Fiong |
£ D/O"'g/n £ 15
= e S = L B B R S
= 150 | R T 115 £ < 120 e fesss k% X
i % & s B b e
= 25 . e s BN 0
= 100 B 110 = E 80 e\l XSt ¥
= N = pey % 5 3 £
& :::::::::1\ = BN 5
50 | \ 15 40 |
B R
N\
R J
O % 150 175 200 ° Okt 150 175 200 °
1/C 1/C
a ZAG2 b ZAX6205
B7 AREBETEEHR MM
1.2r 2.0
1L0F —=7zA62 —=—7A62
—o— 7ZAX6202 —e—7AX6202
® 08 —A— 7AX6205 1.5 —a— 7AX6205
= O ——7ZAX6210 ‘§ —v—7AX6210
i —— ZAX6220 P2y ——ZAX6220
g( 0.61 =10
R =
g 04f &
s 0.5
0.0+ 0.0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
fif 1] /h fif 1] /b
a 150 °C/70 MPa b 175 °C/70 MPa

B g KESEHIEIT R HLE

FAR 7ZA62 B4, HTE w(Ca) < 1%0F, & Calll  FZ—. A3 Ca INABIE 4 HA B K Am b i ],
NI, & &PURASERBEE . 76 175 °C/70 MPa  REGSAH A= 4K Sl WL 109 Y8 11 BTV 7= A2 i ad ¥ IX | 42
1T (B 8b), Sk zA62 &AM, & Ca  HETIIE AT ¥ XN IR A T AT Bl T, AT 4
BEUREA RN PUIG RS, HEEE Ca A HI SRR, FEREI AN 5 51— a2 19 R 4L IR

01 4 T HE R R, 2 OO 200
RERH Ca WS A B T AT B 1 B L 000 - Al - Si
22 g = w0 ~Zr ~ Ca
Ca A E] Mg—-6Zn-2A1 & & 44k 1T 45 & 1% z
EREES, ERE TR TRy S
F (Growth Restriction Factor, GRF)M -5 $ i . w400
GRF = X.m,C, ,(k, — 1), JLrft, m = TCAIFE 200
WARAIR €, R RV AR | b, I i "0 20 30 40 50
V- 53 FC R GREF R T & S h g il — 1 GRF
ERBINAET , GRF A, MASHEREG., B9 #A8&RRANSEKREET (GRF)HXREY
FEl O Sy JLR 63 R 4B ok AR AR P 5 2R . TR T LR BR ) Ca, JLPARET a-Mg W, 7

AT LIE S, Ca RAES B EAL Mg &M EZEIT  MA Mg-6Zn-2A1 &4 5 L5501 T, JFBHA



TiBEMe | 5 Mg—67n—(Al, Ca)k & 4 i B2 20 B Jy 22 Vi 39.

TR R | BT SR R Y, T AR A
BRI R TR B R, RIS Ca IMAJS 51/
VR U BB T R B R A T AR, BRI
il MgsiZng FHEIHT 1, FHARZIE T & Ca B9 MgZn
FHA = 4, DL R D Mg—Zn—-Al-Ca PUITL &Y.
I JSHH ) EE 7R 43 850 MgZn AHAT « AH BT FERY Zn,
A5 HICEE HE IR 100 TR) B R 53 50 Migsy Zingg AHTH FE 11
IR T2 2, Sk AR S b A0 VR B 8N
T Mg HEA IR B AR (LA 10).

100
80
< 60
=
=
= 40}
=
20t
N N N
ZA62  ZAX6202 ZAX6205 ZAX6210 ZAX6220
B4

B 10 MATEAESE CaREEEFHNEMTEERE

i Hall-Petch AX".0, = o) + Kd , X7l
o A RHE IR, o, b AR TR O IR 5
J, K—3RAE i 55 B 5 e B P (0 R A, d R AR
Y EAR. DN R R T ] 4 e R R R L A
SCHRA Ca INACRERSE N, EOAR RIS B T 4L
HALUR I T H A E Ca B, XEMALEY
AT RETE ) W B ILAA | BRAR T A 2 TBARRE T, OF B
R DA BRI 5 A 1) ST b 75 ) R A, [ B
A Ca AR T Al, Zn JEF7ESAR R i BEVA B2, A
T H 55 1 %5 BT 5 X ao—Mg FE A 1375 5 1k i /R H
BT LA BT S 30T A 4 g IR B 0 B A M R R R
Bk, TR AL T Aok 20 A A B0 28R 3 ot 5 A 1Y
MgZn AHFI ¢ A 255351 0 347 CCHI 393 C, #f i
F MgsiZng HAHE 25 (341 °C), IFH Ca W9V AT ES
HE— 20 P i R AR A M. BR BRI R G T A
SCHU I Mg—Zn—Al-Ca FH A9 HZIE | (F 8 o A 4 [
Wn WS ML, E2ad 345 CTF KA 4k
S, AR A KR WA, X R T I
B A AR 5 0 R P XS Ca SR I H] AR

T &ty S Ak T 2 B~ 1 21 00 A AT il R S AL
T I HE AR, 0T S B T A A B A BEL A
P Ca BT B T 45 4 v i 0 {6 1A 722 17 i
i, A A R RRE 52 B TR ST i R
My, AR B 4 T A Mt S Sl e A BIL R A
AN, R SFBCREZ  SN  AR  RE BE T AR
AT RS, TS 1 20 i SR Ak ) 2 — AR L AR R X i
FHEEA ZATILE, TSN 1 AL AR L B
DA v 1) 05 78 O R T A AR L BV BT S e
P RE Y [ A

3 HHig

1)Mg—6Zn-2 Al-0.3Mn % 1& B & 4 (1 i i 41
BELEH a-Mg HEAIKFBUE RIR MgsZng, 3 5 A1
41 K.

2)Ca MIAJGE A T MgsiZng B9 HT i, AR
ZIEHL T & Ca B MgZn AHA = A, DA K —Fl #0F&
JE B PUIC Mg—Zn-Al-Ca AH. BEE Ca ST A & Y34 /0
(w(Ca) > 0.5%), 4 b 2 4k, )k A0 S
W, A A LS 0 ES R R T s 1) IR 254

3)Ca G axfb)a, £ 4w IR0 o A 9
TR F, A A R W ORE B N, & Ca BN
A, BE T A EmEIRPANRE. Ca MINASE T &
G URAEVERE , 7E 150 °C/70 MPa &1F N, & &%
ASPERERE Ca 2 5 (3G I $2 %5, 1M1 175 °C/70 MPa
KT, B TERE R T2 A & MR T

Bt e R T 4 U N e 72 2 T e 8

5% 30k .

[1] Park K C, Kim B H, Jo S M, et al. Mechanical and creep
properties of the cast magnesium alloy[J]. Applied Mechanics
and Materials, 2012, 152/154(1):1207-1210.

[2] Pantelakis S P G, Alexopoulos N D, Chamos A N. Me-
chanical performance evaluation of cast magnesium alloys
for automotive and aeronautical applications[J]. Journal of En—
gineering Materials and Technology, 2007, 129 (3):422-
431.

[3] Pekguleryuz M, Celikin M. Creep resistance in magnesium

alloys[J]. International Materials Reviews, 2010, 55(4):



.40- R AR (SRR )

2012 4

197-217.

[4] Nakajima T, Takeda M, Endo T. Strain enhanced precipi-
tate coarsening during creep of a commercial magnesium
alloy AZ80(J]. Materials Transactions, 2006, 47(4):1098-
1104.

[5] Kim D H, Lee J Y, Lim H K, et al. Effect of Al addition
on the elevated temperature deformation behavior of Mg—
Zn-Y alloy[]J]. Materials Science and Engineering A : Struc-
tural Materials Properties Microstructure and Processing,
2008, 487(1/2):481-487.

[6] Bamberger M, Dehm G. Trends in the development of new
Mg alloys[J]. Annual Review of Materials Research, 2008,
38(1):505-533.

[7] Chen Jihua, Chen Zhenhua, Yan Hongge, et al. Microstruc-
tural characterization and mechanical properties of a Mg—
6Zn—-3Sn-2Al alloy[J]. Journal of Alloys and Compounds,
2009, 467(1/2):1-7.

[8] Mukai T, Yamanoi M, Watanabe H, et al. Effect of grain
refinement on tensile ductility in ZK60 magnesium alloy un-
der dynamic loading[J]. Materials Transactions, 2001, 42
(7):1177-1181.

[9] Wei L Y, Dunlop G L, Westengen H. The intergranular

microstructure of cast Mg—Zn and Mg—Zn—-rare earth alloys
[J]. Metallurgical and Materials Transactions A, 1995, 26
(8):1947-1955.

[10] %G5, /)74, ME 4. Mg-xCa—5Zn-3A1-0.2Mn 85
SR LV I RS (). WA &bk S
&, 2006, 35(2):217-222.

[11] Higashi I, Shiotani N, Uda M, et al. The crystal structure
of MgsZny[J]. Journal of Solid State Chemistry, 1981,
36(2):225-233.

[12] Bergmann G, Waugh J L T, Pauing L. The crystal structure
of the metallic phase Mgy (Al, Zn)y[J]. Acta Crystallo-
graphica, 1957, 10(1):254-259.

[13] XUZEM ) R Ao, JiE. o amEEM]. K. b
R AL | 2006 :62-63.

[14] 2) 8, X, EEKR. Mg-Al-Zn-Si & 4 1Y W 4
LAL[)]. & Jm#H, 2002, 38(10):1105-1108.

[15] =W, PhA3E, %28, 4. Bi, Sb, Ca I Si X AZ91
A A LURPERERYSE I ()], A G e i, 2002,
REREELH) . 166-171.

(REHE.MZF)



	第2期.pdf



