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Table 1 Chemical compositions of Mg-6Zn-xCu-0.6Zr alloys
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Mass fraction/%

Alloy .
Zn Cu Zr Mn Si Fe Mg
Mg-6Zn-0.6Zr 5.78 - 0.45 0.039 0.013 0.001 Bal.
Mg-6Zn-1Cu-0.6Zr 5.89 0.86 0.43 0.042 0.009 0.002 Bal.
Mg-6Zn-2Cu-0.6Zr 5.92 1.95 0.49 0.036 0.006 0.003 Bal.
Mg-6Zn-3Cu-0.6Zr 5.83 2.87 0.46 0.038 0.012 0.002 Bal.
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Fig. 1 Experiment used mold ((a), (b)) and hot tearing
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Fig. 2 Schematic diagram of double thermocouple analysis:
1—Thermocouple; 2—Asbestos cover; 3—Graphite crucible;

4—Molten metal; 5—Heat insulation sand
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Fig.3 Thermal analysis curves of Mg-6Zn-xCu-0.6Zr alloys: (a) x=0; (b) x=1; (c) x=2; (d) x=3
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Fig. 4 XRD patterns of Mg-6Zn-xCu-0.6Zr alloys: (a) x=0; (b)
x=1; () x=2; (d) x=3
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Table 2 Second phase precipitation
Mg-6Zn-xCu-0.6Zr alloys

temperature  of

Precipitation temperature/C

Alloy
o-Mg MgZnCu MgZn,
Mg-6Zn-0.6Zr 627 - 432
Mg-6Zn-1Cu-0.6Zr 625 531 444
Mg-6Zn-2Cu-0.6Zr 625 531 449
Mg-6Zn-3Cu-0.6Zr 621 531 455
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Fig. 6 f°" value corresponding to AT, value of Mg-6Zn-xCu-0.6Zr alloys: (a) x=0; (b) x=1; (c) x=2; (d) x=3
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Fig. 8 Solidification shrinkage stress and cooling curve and macroscopic crack photos of Mg-6Zn-xCu-0.6Zr alloys: (a) x=0; (b)
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Table 3 Results of hot tearing test for Mg-6Zn-xCu-0.6Zr

alloys
Initial cracking  Initial cracking
Alloy
temperature/C solid fraction
Mg-6Zn-0.6Zr 467 0.853
Mg-6Zn-1Cu-0.6Zr 482 0.766
Mg-6Zn-2Cu-0.6Zr 481 0.754
Mg-6Zn-3Cu-0.6Zr 502 0.689

i 8 LI B TR, Mg-6Zn-0.6Zr 5
Mg-6Zn-1Cu-0.6Zr 554xWi%d; 1M Mg-6Zn-3Cu-0.6Zr
B e AT MBS0 Mg-6Zn-2Cu-0.6Zr W] B8N,
XWAF G FIRRT T 4 ARG ) 1 PR A KT

Kl 9 Ftrl Mg-6Zn-xCu-0.6Zr 45 4x Ik T30
Bl L9 Hnr B AR SRR T AR T, RORL
W, ARRERIBA A, JF HITRAL SRR
on B, LU S A IS SO S 23 e 1),
A7 SRR DAL, o) BLKE & @ Wy X8
AT e TRt A B

VBB AE PR ARG UL R AT i SR 2 B8 I B AR T
B o AR, MG IY O th T AT
[l R 30 o (D A7 AE VRS, FH A e ] Jo et o 52 38
J7 3G A A & Y, A S, R L
AHRENE T Rl I FE TRV, I HLRRE 8 K, i

TRRAE T BRIV ph S 1 WA 2 ) At A ot ) e
BRAR A R S A AR 25 BT EAT N, A i 13 )
AR DA A S IR 26 7o DAL, WO, AR
RE GBI RE TR, G 4 1 FR R ] P A 55
Ny RZ, EEREEIPENECR . S AN,
BT B A% B R JE B AN R . B 9(a) BT R A
Mg-6Zn-0.6Zr &4 IWT LTSN, {E 280K i I 4 /b
HE, FZENWERS RN B B S S R
W . B 9(b)FT7R A Mg-6Zn-1Cu-0.6Zr &4 HI W7 11
P, WE AT LG B SR> B, Ui A
S A B B i AR . B 9(e) BT R ok
Mg-6Zn-2Cu-0.6Zr <K HJESE, BiE Cu &
Wz, HRZ RS SILARERE, B R SRR K
THACZ BRI, S5 TR B AN e
P TROIAI A A RE . R, Mg-6Zn-2Cu-0.6Zr
B AR m A . B 9d) Bt n A
Mg-6Zn-3Cu-0.6Zr & WK ESEL, A B OBt )
R IS AL AR, HL B e B R SR> o e
RIME BB, AR SR, RS
ML S AN BE DD K IR

UEANH I 6 AT RT AN, A R T [ AH 23 £k
BEAE Cu &= M INIE AR, XR A SR 2k
i AU, TR RIS ROL AR 2, TR R
WHEM R . X WFFEE 9 R 1 EST
SN SE S

9  Mg-6Zn-xCu-0.6Zr &5 <z Wt 71 3 T I S B0 i 7 5 JE 35

Fig. 9 Morphologies observation of liquid membrane on fracture surface and dendritic separation of Mg-6Zn-xCu-0.6Zr alloys:

(a) x=0; (b) x=1; (¢) x=2; (d) x=3
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1) Mg-6Zn-xCu-0.6Zr % & 4 & IE Ja 1)
Clyne-Davies A58 SR ] PEFIIIAE CSC* 15 S 45
BEA AR AR R, RIZ A 4 2R PG ) 1 i
F Cu &= 3G 0 FEAG

2) Mg-6Zn-xCu-0.6Zr RE4 M Cu JCE 5 4]
4 a-Mg A IIHT I B2 BRAIR . MgZn, AHTRIAT HE il T
s AT 3 G 4 PR B [T L FE DX I, BRI A 4 11 2
it [FIE, Cu JGEIMAME G ahif3 2ldn1L, &
I AR i 3L A 22 3 20E ok 4 BE ) 1T i

3) Mg-6Zn-xCu-0.6Zr Z & < 2 LU 11 KA VAN
S A HA R . X Mg-6Zn-2Cu-0.6Zr Al
Mg-6Zn-3Cu-0.6Zr 5421 5, K RCH 3L AR
W R AE R, R A AR S R T R 2 R (R R
Pem TR R SR I A G R TT, B T AR 4y
BT SN RE T, AT FERAER A5 <6 PR ARG o 17
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Solidification path and hot tearing tendency of
Mg-6Zn-xCu-0.6Zr alloys

WANG Zhi, L1 Yi-zhou, LIU Zheng, ZHOU Ye, WANG Feng, MAO Ping-li

(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Hot tearing tendency of Mg-6Zn-xCu-0.6Zr (x%=0, 1%, 2%, 3%, mass fraction) alloys were predicted based
on modified Clyne-Davies model (CSC¥*). The solidification path, characteristic temperature during solidification, the
solid fraction in coherent dendrite point of Mg-6Zn-xCu-0.6Zr alloys were studied by the double thermocouples thermal
analysis. The curve of solidification contraction stress with temperature (or time) of Mg-6Zn-xCu-0.6Zr alloys were
measured using the “T” type hot tearing permanent-mold. The results show that the CSC* prediction values are in good
agreement with the experimental results. The hot tearing tendency decreases with increasing Cu content. The precipitation
temperature of primary a-Mg phase decreases and the precipitation temperature of MgZn, phase increases by addition of
Cu element, thus shortening the solidification temperature range of alloys and decreasing the hot tearing tendency. The
hot cracking fractures of Mg-6Zn- (0,1) Cu-0.6Zr alloys are mainly occupied by the liquid film and separated free
dendrite arm. A large number of eutectic phase with low melting point and the thicker liquid film were observed on the
fracture surfaces of Mg-6Zn- (2,3) Cu-0.6Zr alloys which enhances the feeding ability and reduces the hot tearing
tendency.

Key words: Mg alloy; hot tearing tendency; solidification path; solidification temperature range
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