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Abstract: The addition of various elements to magnesium alloys has expanded their applications but has resulted in
numerous defects. This study delves into the formation mechanism of microstructure defects in Mg-3.5Y-0.9Ca-0.6Zr alloys
and their impacts on mechanical properties, aiming to optimize alloy performance. A systematic study on the microstructure
and properties of the as-cast and as-rolled alloys was carried out through the preparation of alloys by melting and rolling
and comprehensive methods such as metallographic structure observation, room-temperature tensile mechanical property
testing, energy dispersive spectroscopy composition analysis, and scanning electron microscopy micromorphology
characterization. The results indicate that segregation and holes are the main defects, with segregation being the key defect.
This phenomenon causes nonuniformity in the grains and performance degradation. The as-cast alloy has a tensile strength
of 154 MPa, yield strength of 83 MPa, and elongation of 5.1%. Rolling reduces defects and enhances performance, and the
as-rolled alloy exhibits a tensile strength of 276 MPa, yield strength of 105 MPa, and elongation of 7.1%.
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5 B A M 1 D ) 2 Al (4B 99.95% , i
B, TIH) Mg-30%Y #1454 Mg-15%Ca H ]
B M Mg-30%Zr WA G4 | 9 B EORHE T 200 °C
B2 BE Y A, LU 5 °C/min B THIR S A R
10 min J5 B 28 H . Bl S 8 A B L 10 °C/min (1)
TR Z 700 C, FFREFRE S 8 AH 130 mL
CO, 1 20 mL SF¢ 4 iR & R4 <k, Bk &4
ISR be, M NiRET - S RETE
750 CHE, IMAZEEE , 29 30 min J5 48 5E kAL R
B FERE L 80 r/min MYH: i HEE W 1~2 min, F
Kt YU B A Mg-15%Ca Wil & 4, 75 Hos
feJ5 , LATRAE i i s 38 41 1~2 min JE Ui BE S 0
AMg-30%Y iE] & 4, B FE PV S K i BE b
5 “C/min 3 R THE E 780 °C, JF4% SF, i i I =
40 mL, i RS E J5 A Mg-30%2Zr Ha &4,

1.2 #l#

FLH L 2R LG-300-6 4R FLHL , %L il i A b1
JEEE R 4 mm, FLETEAR A & T 400 ‘CHY CWF1100
B AcpreR, RL3°C/min 59 T R I E H bR
BE ORI 2 h IRy, FLECR 2N EL T2 R
WX AEERE TR 038 mm, 4 2K F k]
28%I}, J5 ST KR T = Rk 0.24 mm,, FEE KEL
il 45 o5, S BIKs AR A 400 °C AR K L
5 °C/min MY FEIR SRR H 2 HARRE, A% 15 min
BRI TRE AL FL 1 AR S AT, B A B
24Tk L 805 B I R R 2B R EL L LS
M JEJE R 1.9 mm, 8% T ik 52.5%, 5Lil45
J& MMAEZ S AR H) IR HI R Ly 1~2 °Cls,
1.3 iR & A0 I8 R

M EE B UTEL 10 mmx10 mmx15 mm 575 K
DU 28 5 25 A AR CRE o DAL 1S 00 i i v 355 010 B
10 mmx10 mmx1.9 mm 7 5 G, FF7E AL
PEAT IR L OGRS AE 8 kR 4 10 mL
H,0.5mL 21 .92 mL A5 1 5.5 g #7IRIR .
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Fig.1 Size of the tensile test sample
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57 ARV /DN iR IR AL B e O =
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Mg-3.5Y-0.9Ca-0.6Zr # & 8 & 4 1 $L A il 55
SPRME 1 R EES S NPURRE | JE R
R EAN T, T M RB AR P38 3 AT i r
UIm N g A T S N et D 11K AT 11 DA 923
4 154 MPa, Ji ilc5# BE 83 MPa, i % 5.1%,

F1 $585Mg-3.5Y-0.9Ca-0.6Zr & & hi £ B
Tab.1 Tensile properties of the as—cast
Mg-3.5Y-0.9Ca-0.6Zr alloy

Tensile Error Yield Error Elongation Error
o strength/MPa /MPa strength/MPa /MPa /% 1%
1 154 +7 84 +2 5.0 +0.3
2 155 +6 82 +2 5.2 +0.3
3 153 +8 81 +3 5.1 +0.4

22 HEAEEA

K 3 ELAS Mg-3.5Y-0.9Ca-0.6Zr 4 4 1t 13
A HE 2 hEEE S8R MASHE I FLES
G iR P AR R R 0 X, REE TR W A
%, AMEHES, B5 X HotE 04 Ein

& 2 #4 Mg-3.5Y-0.9Ca-0.6Zr £ 4 i i ZH 21 . (a) 200x; (b) 500x
Fig.2 Microstructure of the as-cast Mg-3.5Y-0.9Ca-0.6Zr alloy: (a) 200x; (b) 500x

B 3 LA Mg-3.5Y-0.9Ca-0.6Zr 14202 . (a) 200x; (b) 500x
Fig.3 Microstructure of the as-rolled Mg-3.5Y-0.9Ca-0.6Zr alloy: (a) 200x; (b) 500x
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5 AR, RZHU"HE MRS S ICR I
] YN CIRERTR LY IS EE SR EA T E S S
A ZUrh R S AT IR )
BRSBTS R AR Ak B A
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HE AT AR N o FLE S G 4 AR A B AT
i A PN R R e P SRR R ) TR A A e KR
A

B TR P ELEL I 7 s, L 5 ) ) — Sk
HHREG &M B A E PR B 2, XL
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KL A 25 R 19 R O3 A R AE 0 35 0 0, SR rh
A 1]

% 2 MELZ Mg-3.5Y-0.9Ca-0.6Zr & 4 iy i fif
IR, TLLED LA &M= el g
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2 3L BMg-3.5Y-0.9Ca-0.6Zr & £ H £ B

Tab.2 Tensile properties of the as—rolled
Mg-3.5Y-0.9Ca-0.6Zr alloy

Tensile Error Yield Error Elongation Error

NO rengtMPa /MPa swengtyMPa MPa /% /%
| 279 410 97 5 67 <03
2 273 411 107 6 76 <04
3 276 +9 12 6 69 03

X A LA A A WA SR ) 2 P e
B L LS A 4 B S P G B D TS
A4, BB EFRTHER S,

23 WTORER
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T 1 8y W7 SR TR 4 oK 1 RS A7 DX I, LI 1 B S

TR BB DX O Al R i DX
PR AT L e o oF B 4 AT 2 3 A AR

4 85 5 FELAS & P e H i 2 B 30
575 B A PR KT 1 A IR A7 78 O T ARUBR B DX A, T R
i HO IR AN Y 1/3~1/2, B 4 5 R Bl o X s, L
Beps XA, Hai G e, BE TS R
A o LIS G G A W 11 B DT 224475 2 T BB IX 3, {HL G5
B o LT AR /DN B 11 A 2 DX Ik P A R (59 S5 /D
THEGE ARERETRE,

BRI hL AR BT R S8 7R TG & iR E0h
I REFNZEG WM AT o ARG R aaRe Wy 114k
S L% 5] W7 S s 3 AR ) figp B R 5 B, BT AR K
BB R A, RUESE T AR X A AR
AT I SR PG, G 4 O T 2405 A R T B B IX B
XU I Bt B X G A AR M R A P MEAE T
24 BRERSHMERSH

K5 S Mg-3.5Y-0.9Ca-0.6Zr £ 4 i il 41 81 Y
EDS 73 #r. ME 5a ol LI Y Fil Ca JC & AT
SRR AL R Sb AR A 2 SR N A
4l Mg AR, T Sc WU Zr o0 R AR IR EL
JoT R R EBCLE SRR

B4 B FA Y EDS 23 A Ul BIE & 4 19 W B A 41
h, AR REY TGS ICR Y Ml Ca 7E 4L
A AR BT, e G T A S
BIAHLNTT A . WK 5a K& BE2
BEAGITREN,JFRHEITR, B X LK 6
Vit @ c R AT R B R, AR
HeTuR R BT, 1Sk R4 A9 /Nt
KPR B8 (4 J5T Ay 34 ) DR BCTE S oRE A R Y Ze, TR R
Tre R,

G4 WA b 5 B 1 BT R T R AT
Bl BE o TCR I AT 23 S BUE S TR S A AN B SR 5 e
G a1k B Bk N T e, an
K 6 ff /R ,Mg-3.5Y-0.9Ca-0.6Zr 84 4 h ik 77 1E 75
— Rk I BIALIE . FLIR 2 50 A0 TR A 2

K 4 Mg-3.5Y-0.9Ca-0.6Zr & 4 Wi 1 SEM 1% :(a) #5455 (b) 51L&
Fig.4 SEM images showing the fracture of the Mg-3.5Y-0.9Ca-0.6Zr alloy: (a) as-cast; (b) as-rolled
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&5 #4& Mg-3.5Y-0.9Ca-0.6Zr 5 4x EDS 747 : (a~c) pidd 45
Fig.5 EDS analysis of the as-cast Mg-3.5Y-0.9Ca-0.6Zr alloy: (a~c) point scanning results

RINAS— 9 R B8 0 11 SRR o, 7E W b flU A 2R
FEad A LI AR Y 2 B G S T
(USET A
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IE 2b FIE 6 H AT LAE Y, 645 H SRR R
Y5507 F SRR N, A A b AL BB
YHHBESSHER S DMASE, PR EERL S A
LUrh W E W BREAE R R BRI
BRBAAL B AR R BOTF B WY R B W R, ZR5 LA R
AT A5 I R B A 5 Mg-3.5Y-0.9Ca-0.6Zr
G4 1 ERen 2R, 1fi Hall-Petch & fE LT
i SR I8 M AR TR () BLARVE T 48R T R R 5 4
g JeE IR e () A O R 3 T A A s AR AL T G
WM RMER R, FEARWFE T, Mg-3.5Y-0.9Ca-0.6Zr
B4 T 2SSk RF 8350800 , 1 /£ Hall-Petch
FEHE N AT HE . 38 I i ) Ak R 2 £k X

BRI, MEEE S AR RE I B 4
PP is £ . YR Hall-Petch & .

oot M

Kb oy IR EHE IR R ;00 71 Ky 0 2 56 40
PRIEHUAR OG0 s d ol RoRF- 24 AR

Mg-3.5Y-0.9Ca-0.6Zr &5 4 & —F i B & 4, H
oo Fl ky 2 A H RO 8 1 AT R RN 2 A
o BIRHESHES S rPilee 1A 2 8 Btk BE 530 K
o Fl oy, R B EAR 508 d F dyo FLEBES 42
(14 RS P58 BB A oy, SEPRPUHL S BE BT A
oy, R RSHEGE R do, WAL o W by AAE 1T
BT A SRR R A T B A A T 3

MR 2 FR, LR op' A 105 MPa, Bl o' -
>0, PR A s AL A 2 B2 5 5 B2 i AR I AR
SL AR f, o8 TR G TR AR A R R A A A
A LU BRI TR, SCRgs A K [R5 4521
TIE B B 63 1 i /0 1] 4 85 Mg-3.5Y-0.9Ca-0.6Zr 5 &
EAI I L C i

25 Tk ,\Mg-3.5Y-0.9Ca-0.6Zr " 77 15 Wi il Bkt

K6 &4 AL I8 : (a~b) LI
Fig.6 Defects in the metallographic structure of the alloy: (a~b) hole
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#3 Mg-3.5Y-0.9Ca—0.6Zr5 & S WHTFEMITHLER
Tab.3 Experimental data and calculated results for the
Mg-3.5Y-0.9Ca—0.6Zr alloy

No. o/MPa d/mm oy/MPa ky
1 84 20 54 133
2 82 23 54 133
3 87 17 54 133

B, WS T A A 1S Re . B e R
Al 4 T+ Mg-3.5Y-0.9Ca-0.6Zr BHIAEE & 4 72 fh i fa
FEVERT 2 VERE . A GE B I S R EE S Ak
REFR T, 075 JF 2 0 2 B 9T 5 AR etk

3 it

(1) 5 P 2 2 A A (A BB 23 X Mg-3.5Y-0.9Ca-
0.6Zr BLIAEE A &=, A & 1% e
B, 33X S i 4 = 2 3 B M i AL 1) B A A B
ARSI B A T 0 & R IR T A4 5 PERE
BAASPNIRE N 154 MPa, J5 IR 83 MPa,
KA 5.1%; LG SPHiRE T = 276 MPa,
Jit AR SR AR TFE 105 MPa, KRBT E 7.1%, 5L
SEEWEEED 2B THER S,

Q) A 4 P BB 32 B A PRI 28 QO fh B Ak i 2
R, R Y Fil Ca JTTEAE S AL B AT, LA S in
Zr TCE FEMF Iy Ko £ &4, TR Wi e £
B QAR N I AR B S HR B Y R, A 4
(AL BT, S 70 45 il ok R 8 VR A 1 4% JBT R S )
PR ARG B L, TR DRI R R
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