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Effects of Ca and Sn on Microstructure and Mechanical Properties of Mg-4Zn Alloy
Li Guojia, Wang Chong, Guo Enyu, Kang Huijun, Chen Zongning, Wang Tongmin
[Key Laboratory of Solidification Control and Digital Preparation Technology(Liaoning Province) ,
School of Materials Science and Engineering, Dalian University of Technology ]

Abstract: The effects of the addition of Ca and Sn on the texture and mechanical properties of Mg-4Zn alloy were
investigated. The results reveal that Ca can significantly refine grains and weaken the texture of alloy. MgSnCa
phase is synthesized with the addition of Sn, which weakens the texture weakening effect of Ca. The rolled Mg-
47n-0.2Ca alloy possesses the highest ductility of about 14.4%. The co-addition of Ca and Sn greatly improves the
strength of the alloy. The rolled Mg-4Zn-0.2Ca-2Sn alloy exhibits the highest strength, where yield strength and
tensile strength reach up to 255.4 MPa and 295.3 MPa, receptively. However, the elongation is decreased obvi-
ously due to the increase of base texture intensity. After annealing treatment, the strength of the alloy is de-
creased with the increases of elongation, which is related to the decrease of dislocation density and the increase of
grain size in the alloy.
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Mg2Zn &4, KA & W ok 8 & gk, $FE S
Mg-2Zn-1Ca & 4 H A & = ) br hi o B (283 MPa),
DING H 258 T 85 E A Mg-2Zn-0.5Ca 4 4 1 41
I AS R B R AS Mg-2Zn-0.5Ca & 4 1Y ¥ 1 ik 3
34.3% . X155 FIMA Ca J55| #2554k, Sn & —
P B A DT T SR AL BOR i LR G & 0 2 I HL T DUAE i
5 U Mg, Sn A ZAH SRS A 7E fb S b R &80 FH
M OLAS A AT FL AR A . L. Sn 8 A & i 1E
& Z R HE M. ARV, Sn ] DL i 25 40
RS bR, LIU H S 558 T8 4 Mg-Sn
AEWMAL Y T ¥, £ Sn mMA#IKTF 5%
BF B Sn (4 40 db R AR T B 4 PR o B R A G 2
B Sn 25 1 3G N 3 m . BLAh, 7E Mg-Zn-Ca & &+
B Sn J5 23 i 15 5 1) MgSnCa 1, 0] DL 2 4 7t
EA4 1 e, PAN H 0978 260 C syah#%
JEH Mg-2Sn-27Zn-1Ca &4, Jit ok JE 15 3] 218 MPa,
Prhrag o 285 MPa, i 3K 3 23% . X134 Tk
K MgSnCa ,MgZnCa I MgZn, A 1 B i F1 455
OB TEAE AN

{HJ2& HAT & F Ca Al Sn Xt Mg-Zn &4 WAL K
PEBER BT S IR B B . WET J &7 fEfF g8 b R
Ca 7] D)2 4 fb Mg-4.5Zn-4.5Sn-2A1 4 4 1 & ki 5F:
RS EE AN TEEBEMNER. YANG M
USRS T Ca XS Mg-5Zn-5Sn & 4 41410 ) %
PERERYZ I . H L B WF AR R T XA 4 1 2# e
WFFE . 51X Mg-Zn-Ca-Sn 4 42 (19 H 4L S AL L )
PEREFIR KX 4 800 S I 2 PERE I R R R b
Rt A L, Mg-4Zn 4 4 Ry 344 m A Ca #l Sn JT
IR AELHI AR K T 5T Ca Al Sn gt £ X Mg-
AZn B & WAL 22U AL F ) 2 M RR i sE i, B
e o 2%

Y L

DL Mg-4Zn(Jst & 4388, N RD b3k & 4. R L
W4l Mg.Sn Zn(¥ KT 99.9%) 1 Mg-20Ca 1 [a] & 4
Wil . EAREIE A N, #E 730 C R4l Mg JE
b SR IGMR I ASE Zn ., 4l Sn Fl Mg-20Ca ' [8] & 45
SRS LB FE 5 min, fRIR 10 min J5. 78
730 CFME IR DEEAE £ 8 B (FE 250 C) L3RR A
EHEEE TR EE P YIEL 60 mm X 40 mm X 12 mm [
Wbt A i B A SFs 1 CO, IR & USRI F i
o BLHI T2 4L IR R 350 CLAFIEWRIE F /A
4% BTN 70% o FE 55— UREL il T8 4 A b 78
350 CNTH 30 min, 7 bifl J5 9 — 18 YL i 5] B 34 4%
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Tab.1 Chemical composition of Mg-4Zn alloy %
%% & =
Zn Ca Sn Mg
z4 Mg-4Zn 4.13 - - A
7X42 Mg-47Zn-0.2Ca 3.82 0.22 — A
ZXT422 Mg-47n-0.2Ca-2Sn 4.29 0.21 2.1 A

TE S5 3CH COR HA 3513878 I #5735 LK S AR K&

EAEL L ITE OGS R 2 mL BERR +1 g ik
f2+1 mLK+20 mL ZEIRGHEWEM 5 s, RADL
2 B EE (OM,GX51, Olympus Corporation, Japan) .
Y % 5 T 5F (EPMALJXA-5830F PLMS. JEOL.,
Japan) 1 #1 ff B B (SEM. SMPARR 55, CARL
ZEISS, Germany) %45 4 1 5 s 20 21 S Wy 11 3 47 W %% 5
R X I 28 9 663 A (XRF-1800, Japan) X £ 4x i
TS . KRR A 1.,0.5 F1 0.25 pm ki JE Y SiC
P WA AR AT IOG ARG TE —20 CRRMEE T
6 (6°, 30 min) , #i]14 EBSD (Gemini SEM300, Ox-
ford Symmetry) i, HH A K R 1 pm, R A Chan-
nel5 FEX EBSD $ds #E 47 40 3 95 85 4 4 08 A 1
H IR R A A 0 AR R AT i, h ik
35 v, AR W LA 1 T A B TR R A iR R ST
10 mmX4 mmX1.8 mm, K UTM-5105 J7 gk
B HLER IR N AR R R 1X107% 571 R X Heh fip ok g
AT B ARSI 3 AR A O3 1E .

2 KBHRLHE

2.1 CafaSn3f Mg-4Zn 54 BMALNE

1 J& C-7Z4 .C-ZX42 f1 C-ZXT422 441 OM Jz
HH B F(BSE)E . W LLA H, Ca B9 A 35 40
T A4kt CZ4 /41 376 pm 4L E C-ZX42
A4 262 pm., Sn WA A& 4 5ok RF ik — 2
A% 149 pm, 540 B E&TE MBS L4 U] B AE
b, C-Z4 &4 M ABRIR, Ca in AJG - 16 & 5 b
B AR FLIN SR A L 1 Sn 9 In A 13 C-ZXT422 & 4
HLUE AL AZ Jy BB » a0 R P B AR5 A
HA&£PIERKRENI TR EEX, WK ., AFH
S EDS 2047 W32 2, 2 EDS 40 #7 . C-Z4 4 4 P IR
A KE Mg il Zn, HEE /R LT 7 ¢ 3, AT RE N Mg,
Zns M, C-ZX42 44 hERIR S A5 & Mg.Zn i Ca,
WIE 1d B . B2 FE 3 4y C-ZX42 Fil C-
ZXTa22 54w B mE., ATLUEH.CZX42 &4 h
ASHLIN S ARAH FIERIR AH 4 5 € Mg Zn fil Ca TR . A
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Fig.1 Microstructure and backscattered electron

morphologies of as-cast alloy
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ZXT422 &4 HE M o-Mg B HLK 19 B3RP AR #1410 K
9P IR ER AL . EDS 23 R B BOE A S & Mg
MZnmR WK 1 h C gi. WK 3 ATLUE L BRE S
TAHPE AR Zn Ju R P BIRES ZAH T E 4 Sn Al Ca
TR . 55 EDS FITT R 73 A 43 B, AT LA I sROE 55 —
R Mg, Zng 1, F BARSH —AH4 MgSnCa 4. B4,
M ICE 43 i B a] DA B & SEAL 9 S Fil Zn 5 & AR X
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Tab.2 EDS composition analysis at different positions %

AN wn

fr Mg Zn Ca Sn
A 51.9 48.1 — -
B 39.7 48.6 9.2 -
C 44.4 49.5 0.1 6.8

Ca AT LA 25 40 4k & < dioRE )OS ok 20 1 19 J I
FERLUTW I m,. 8% Ca i FRAKKME T
Ao o O [ 3o AU ) T 7 T IS A7 2R 4R 5 DT 3
AT v A A ok Rt . R B R
Ca i ¥ 515 Zn R 45 G IMR 1 R Ca, Mg Zn, A,
M Ay 5 4 S 52 05 (8] 3ol o 8 S TR A A% 0 Al Ak
ARk RT . Sn JER MG G 4 B &R RL RO 5 46
/I 33X DR Ay A G ] e R e T 5 T A RO R AR

(a) SEI (b) Mg & 42 4%

() Ca @424 (d) Zn 4244
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Fig.2 Element distribution map of C-ZX42 alloy
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(c) Ca @y 24

20 pm
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B3 CZXT422 bW koM
Fig.3 Element distribution map of C-ZXT42 alloy
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Sn, AT R A i Ve L AR HE T RAZTE . Ca F
Sn MIMABRAE T & &M% MBS . Ca A, &4
BEE KA B2, Ca 565 Mg Ml Zn R 145
B Wi SIE R A S s Ca, Mgs Zng Ml Z 5 12 2
B Sl B T Mer Zng M. Sn DA 6 R Y
PEIR MgSnCa MfR Seb - Z J5 BRAR B Mg: Zn, M7
the o1 T CZXT422 4% Ca BN A#AR D, Ca LU
MgSnCa WIEXAFTE A Z /W Ca 5 Zn N, Bt
C-ZXTA22 F4a M ERIE S — M8 Mg, Zn, #. BLAH.
MNIEL 3d A& 3e uf DL Hi o Sn Fl Zn AE &b A4 & 4R X
Jel TR ¥ BB Zn Sn 77 WP R AL
T 7E Al A B AR

4 Ry 3 G 4 ) 5L 25 AR O3S EBSD f i
FARRL > A . AT LA B L 25 6 4 20 205 55 b o
AR HL AR N ERIE BOR B R 22 8. 53 Ah s BL 2wk R
TS A S B EML . RZ4 B8 FH iR R TR
75.4 pm, R-ZXTA22 &4 dokhi ROF 4046 % 23.5 pm,

©001) 15

FIEFL R :75.4 pm
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Fig.4 EBSD inverse pole diagram and grain distribution diagram of rolled and annealed alloys
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Fig.5 EBSD polar graph of (0001) face
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B 4 AL 1R 5 R TET 2R L i R SRR R R S, AR
11.3,

WroTF M, Ca A R AP0 55 (LS i &R . 3
PLBEFEAH 1. — & Ca R IEIEMEICR LB A
S AR R T AL AR T A S SR s
B Cai/NTHAEMW c/a HIFHBK THESESNZE
FERE M S5 AL S . MM Sn Z 5 . A 4 5E A
K. Sn 5 Ca 455 A4 s 14 R MgSnCa . KoK
$946 T Ca JUER 5546 G0 AR P 3610 5 4 7300 20
CE LR ST
2.2 Ca#1Sn Xt Mg-4Zn & & ¥ HEEH M

Bl 6 Sk 3 i 4 L A R O TR Y - AR
Mgk, £ 3 MAFKREM 24 H4&.2ZX42 H &M
ZXT422 4 4 00 I W0 B o P g i i 5. ol WL 7
A ELHIA A 4 b  R-ZXT422 4 4 1 i IR 38 5 A0 Bt i
R EE v L 4>k 255.444.6 MPa F1 295.34+1.8 MPa,
R-ZX42 & 4 MK R 5,88 14.4%
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Fig.6 Engineering stress-strain curves of rolled and
annealed alloys
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Tab.3 Mechanical properties of rolled and annealed alloys

w8 KRE JHMERE/MPa PR E/MPa iK%/ %
- AL 194.2+2.9 247.1£0.8 9.5+1.8
iRk 143.3£5.5 245.2£3.7 12.24+1.4
Ixio 5L 190.5+0.8 257.3£1.9 14.4£0.3
iB ok 169.3+5.3 244.744.6 19.140.3
IXTi49 L3 255.4%4.6 295.3+1.8 7.840.9
iRk 172.2+4.8 271.2+4.1 21.3+1.2

LTI A Ao I 42 Th 32 28 5 40 0 B v i 40
s Ak 7 4 SR AL | T S AL AR SR AL A O . B g, VAL
S5 I R 40 A B L R-Z4 | R-ZX42 #1 R-ZXT422 4 4
B ok ROSF 43900 9 75,4 ,35.8 F1 23.5 pm, MR BB IR Dl
Ao 2T R RS 5 IR 8 B R L R RS
AN R Z L 2 R S 2 B AL RS AE A AL
FERL A AW E IR T & . B LA AR R ST N & R-
ZXTA22 B4 M MRoeE B ERAMEER R,
605 =00+ kd 7 (D
Kooos WML s & H-P ZE0d T3 &0k R
ST s oo B Bl BRSO B I PR A Y SR EE R Sy . 2
d>1 pm I,k 3 $(280~320 MPa « pm"?)P7 4
T R-Z4 44 R-ZX42 Fil R-ZXT422 4 4 0 it IR 3
JEESE 3k A R AL 23 O R T T 15.6 MPa fl 27.4 MPa,
M R-ZXT422 4 0 Ji Mot B L R-Z4 & &4 & 1 61
MPa, At R-ZXT422 & 4 H il A7 7 H At i 58 AL BL ] 4n
P SR A | [ 7 SR Ak TN 2% d s b 5
BT O 3 B G A AN TR AR S 1 JR) 30 B ) 22 43 A1 1A
(KAM) . & 7 ok A X5k & 0 AE X (KAM {5 =
0.57)  JR 8 X 48 Ry G I A8 [X 8k (KAM {H<<0.57) . MK
7R RT LA e AR DX AR v 7 R AR A B X
. Wi CaFl Sn WINA A 40 s B AR X ) T AR
RN, KAM 0] DL R i S5y 35 07 4 4 18 43 A
R R R DI AVE S VA o) D) | B VAL o =
L4 B) 28 HAE FHBRGR 2, 32 ) B PR M 4 J8 HIK BT 22 E BE
FERNMRTE T A &5 . R-ZXT422 4 4 M & I
AR X I A5 2 o A R A S L R R e . [ SR AL
RN e g i A 7 M VA )5 7 A R P e O
H R-ZXTA22 G4 MIocR . o LA . Zn 76 5
e 5 oA R B T SR AL R RO . W BT Sn
AR B A R B SR AR AR BT DA R A R k2 R-
ZXTA22 4B MMEERE R, WA FLHESE 4
SREEARTE SAE AR &, NE Al LB . G484
b L S 23 S BOR B 25 il o 28 0k 2 B Y 4 T B A
FH o 22 A0 AL ) 5 B2 AN 5 T - B SRR B AT DLy
B ARORL 7 AR A R AR RO L LU AR R R AR A 2 B
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(a) R-Z4 (b) R-ZX42 (¢) R-ZXT422

100 pm

(d) A-Z4 (e) A-ZX42

B7 3AGE£FRRKEN KAM A
Fig.7 KAM diagrams of different states of three kinds of alloys

20 um

(a) SEI (b) Mg @& 42 4%

(o) Ca #1244

(d) Zn & 32 44 (e) Sn 424

B8 R-ZXT422 &4 A 54 H
Fig.8 Element distribution diagrams of R-ZXT422 alloy

FHOL A 12 2l 48 B 4 1 AL g 1 .

TERNPETT T - R RO VBV 28 7 5 58 i LA % 5
SRS 2 WE G e EIE . H G, SR R O,
fiv L ) 6 A 2 3o 2 By » 748 T S0 B 3R R0 A 1
APREPERREAR IR . HUC, B e e L A A P A
Sy T JS R B0 5 T 4R L B TP AT R .
T ZPR 5 B 3 T T L o 3 ) R 2
AR TFEEREBIEAIE . Ca A R-ZX42 &4
JE R TD J5 [ SR 20 00 55 10 & S 200 . A R i f
T PR TR I A R OT S G . &E
Ca Ji ¥

——p_ -

(b) R-ZX42 (e) R-ZXT422

IR AR Xl G A R i B

12 3 AT LA H 2B 5 & <6 i R 5 B2 AT 7 9
JERRAR . MR B E AR T, il ad (8] Sd~ (& Sf T LA i
AR A 4 4 Fre R SR ik 2 R AT BT AR PR GRS 4
MR R N, A-ZXT422 4 4 0 JE s B o 172.2
MPa, $i 5% FEN 271.2 MPa, i %N 21.3% .
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G SE SR AR 0t B R S R B FE S A S R
] A A W R, B9 3 A e AT
RAEM B O HIES . NE 9a~FE 9c Al LKL B R-
Z4 A A R W O A R 2 B S b R0 AR B T, T R-
ZX42 F1 R-ZXTA22 £ 4 i F SR8 Jm 4 /0 . Wi 1 e )
PR An /. W 9b Ay I K B AT DL &
B 7E R-ZX42 4 4 B W 1 of 5k T 35 24 e A i B i A0 il
FFAE— 28 f5 (A 20/ IN )6 o T S 780 17 fif 388 7 24 R 99 2 U

=y s
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Fig.9 Fracture morphologies of various alloys

(e) A-ZX42 (H A-ZXT422
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173% . B 56, BARIR KOG & 40 dohi g A KoK A 2
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Bl K. A-ZXT422 G4 R RS /ANTF 20 pm 1 f
BT A ER SR 30% , T A-Z4 I A-ZX42 & &N
6% Fl 11% X i 13 A-ZXT422 5 & A5 RE R FF 5 i 1 5k
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JEIF HAF AR R UGE . AEAR R A BT . 4R /) L
4 PR BT L5 i S R 30 A T R 22 ) /N ok [ AR R S P
A AN T A i FAL 7 AR 0 W 2T AE R 32 AR B 2
AT . MHHZ T A-Z4 a0 R B X5 4
ARk = A RN RIS e T H A-Z4 G 4 i ik T 2R
B ANH T e A2 AR OT s, R L A S A]
LA 38 5 SO B 28 18 558 JCRTAR EE A2 e A R fH
TR K A T e RS B BT B AR T < 2B R 4R
The fJa ANE 7 R A LA R KOS B B X
ST S 57 A A R DRl 8 B A IR R S 4 Y 5
JE AR SRR AR T . N 9d~ & Of i ml U L3R ks
4 BT AR B B B RO W Rk > e A-ZXT 422
4 B I A A AE R R A AN B L e T BT I R
Sn BYIIAZRAL T kL 8585 20 Al B3 50 S /N ST
055 BE AT 9N S 22 X I 7 [R) IR fER R R A i

3 4% #®

(1) Ca FI Sn B A .25 40 Ak 5 4 dioks R, IR 52
Wi A 4 o AR A R 26, Ca B9 A A5 AL
Mg-4Zn-0.2Ca 4 4 £ b F Ab #r A B0 2% R
Ca, Mg Zns # . Ti Sn A G & 4 HPIE JBOR 8 B 538 1Y T
RO AR DX ELTE A AR A O B9 H B R MgSnCa A
BLH IS » o T R 2R el BT I 4 4 ol RO 35 04
B KOG s dfoRL RO W (R

(2 RLH 2 Me-4Zn 45 4 R B 98 Z0 00 3% i U0
Ca fIIA BT TD J7 10 A R 4« 2 35 55 L A
SR 5 1 Sn B INAEFE T KA Cas AT A2 25 5546 T
Ca 554 LU R AR . TD J7 1] i UK 41 70 19 2K - fli A5 &
GEVSRBES . 2B K5 BT B SV SR A
TR
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Effects of Cooling Rate on Mg,Si in Nd Modified Al-6Mg-4Si Alloy
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2.Nanchang Institute of Technology, School of New Energy and Environmental Engineering)
Abstract: The effects of cooling rate and Nd modification on the microstructure of hypoeutectic Al-11Mg, Si alloy
were investigated. The results indicate that the microstructure of hypoeutectic Al-11Mg, Si alloy is composed of
primary a-Al and (a-Al+ Mg, Si) phase. With the increase of the cooling rate of the mould, the eutectic tempera-
ture is decreased and the undercooling is increased, where the area fraction of primary a-Al phase is gradually de-
creased, and the Mg, Si eutectic phase is converted from coarse lamellar to fine fibrous. Moreover, the secondary
dendrite spacing of Mg, Si phase is decreased and the microstructure is refined. After 0.4% Nd modification, with
the increase of cooling rate, the addition of modifier leads to the partial melt undercooling of Mg, Si eutectic dur-
ing solidification, improving the nucleation rate. Mg, Si is uniformly distributed in form of flocculent in eutectic of

Al-11Mg, Si alloy
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