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Rheo-diecasting of Mg-Gd-Y-Zn-Zr Alloy and Their Slurries with High Solid Fraction
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Abstract: Mg-Gd-Y-Zn-Zr alloy slurries with high solid fractions were successfully prepared by rheo-diecasting
process based on SEED method, and rheo-diecasting experiments were carried out. The results indicate that in
terms of size and shape factor of primary ¢-Mg particle, GWZ831K and GWZ1031K alloys are more suitable for
semi-solid metal processing. The average grain size, eutectic phase content and room-temperature tensile strength
of the alloys are gradually increased with the increase of Gd content, while the elongation is decreased. The tensile
strength, yield strength and elongation of GWZ831K and GWZ1431K alloys are (2234 13) MPa, (139+£3.9)
MPa, 6.4% +1.3% and (270+£9) MPa, (201£5.7) MPa, 1.8% £0.3% , respectively. The a-Mg matrix of rheo-
diecasting alloys not only provides strength, but also coordinates deformation and contributes plasticity, while the
hard and brittle eutectic phases can effectively pin and strengthen grain boundaries, which comes at a heavy sacri-
fice of ductility. As a result, the rheo-diecasting GWZ831K and GWZ1431K alloys exhibit quasi-cleavage fracture
and brittle fracture, respectively.
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Fig.1 Products of alloy slurries with different cooling conditions
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Fig.2 SEM-BSE microstructures of Mg-Gd-Y-Zn-Zr alloy slurry with different Gd contents
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Fig.3 Typical images of alloy slurries
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Fig.6 OM images of as-cast Mg-Gd-Y-Zn-Zr alloys prepared by rheo-diecasting

781



Fefp i oA (05 &

2023 4FE4H 43 5 6

651 161
14
60 f
12
g g
{_55- # 10 -
s &
& os0t 8
b= Eol
45t
4.
40 2 "

w(Gd)/% w(Gd)/%
(a) 4R+ (b) 2 & A8 @ A2 5 5
B 7 #5R%EEY% Mg-Gd-Y-ZnZr 54243
i K R A 2k o AR & AR 4 S
Fig.7 Average grain size and area fraction of eutectic phase

in as-cast rheo-diecasting Mg-Gd-Y-Zn-Zr alloys

B A e BAE S HE N FR SR R )5 o Bl A T3] 8 S T T
IOy 3k Ve B R s s R R ARG . OB T AR
Ja s BT AR R CGRas 1000 K/s5%) 6 A WA & 1
B [ R AR AL 0N SRR o- Mg, W T RN
o B TAE TR SR 67 A A9 ¥ AR X AR 45 B e A AR
5 BUE B B i &8 [ 2 A E R AR P . 5
Gh BT RIE o Mg b RSTFIIE S 28 fE A 2K
F A A= [ AR SORE L R4S AR TR SR ) A0 R s A
KR o BR T HBL W) A AR BORL 19 RST RS | [ AR 56
WM EH G AN —AHEEHRR, KRR
AHSEIE N AR BUAE I 78 5 A 20 2 E g 2 — kB ] 4
2%,

M 6 AT LU LB Gd & 53 hn. 91 4k «-Mg 1
A A A0 ] A8 R, B I 7 AR B IR AR o- Mg B R R T
BR X 5 R AM R 914G 4 BT UL 3 1Y 45
FI T 7E AL-Cu £ 4 10 5 1 5 A8 o b % B, %
Jo 5 02 ) A IR A R R R P S — T
T 208 B IRAH T N 91 A2 o-Mg FIRAE o-Mg B i — 2
2SR S 3 AN S I 7/ B S S I 1 % SO S S
GWZI431K ez Hfh & 4 H¥) 4 o-Mg Fk 4R
a-Mg IR R B A K EI B . [, 94 «-Mg
TE 155 s e R 78 70 38 o P B8 A TR B A VRO T 2
TS B UIVE R PR IR A o Mg Bt B 20000
ZEMNNESSEN B MAL kA, GWZ831K Fl
GWZI1031K &4 B id 5 i A8 % E
23 REEHEEHNERNFMEE

B 8 At AE A5 A 4 0 AR R -1 AR il 48 AN &= IR
JigEtene. WTLAE ML Gd & B, A e Pt
5HRBE R Jeet IR i S T K AR SR B M REAIR BNBE S Gd
BB IN A AR A Y R B AR N . AR R
GWZ831K £ 4 WP h o B | Jath JIR 5 J3E A A < 25 49 03l oy
(223413) MPa,(13943.9) MPa fil 6.4% +1.3% ; /i
P GWZ1431K & 4 B9 PP 5 BT L ik 5 FE A0

782

AR (270 £9) MPa, (201 +5.7) MPa fi1.8% =+
0.3% ., MAES GWZ1031K il GWZ1231K & 4 )7
FERAMKZE A T GWZ831K il GWZ1431K & 4 Z b,
WA A2 53 ok F . Gd (19 it & 40 B0 8% 15 =
14% E4ahihism B4R S T 47 MPa, i iR 5% B84 1
62 MPa, R M 6.4% FELE 1.8% . HitL, 75X 4

G, GWZ831K J& i 1 2 fe ff H 98 JBF d5c I 19 &
4 GWZI431K 2t e s (HA K R 2 M6 4. ©
HHRIE T AZIID G4 P hism B 248 MPa, Ji iz 3
&4 145 MPa, i K %0 7.4%57 5 AM70 & & P hL
SRE K 251 MPa, Ji ik 38 B 4 133 MPa, ff K 3
13.3%" 5 AZ91-2Ca-1. 5Ce & 4 (9 $1 $L 38 J&E Ky 202
MPa, Jifl Bl 58 B A 154 MPa, it K %8 2.3% 7, Mt
BN A T GWZ1431K 4 4 1) o hr o 5 F e ik
SEXE THMAGEN RS EEES S, mMH. i T
Mg-Gd-Y-Zn-Zr R G 4 o PR $ b B s b & 4
AT RLTR DL . 25 [ R B A B S L AR TR Mg-Gd-Y-
Zn-Zr W) J1 R RE T — P 4R Tt

[ GWZgKGWlele 30 M ERE
250 ) GWZ1031K PR
/ 300 R4 15

£ 250}
GWZ831K

M

w200}
bt

P T T AR I maE ik
%

B8 4#XATESE MgGdY-ZnZr a8 ERAFRE
Fig.8 Room-temperature mechanical properties of as-cast
rheo-diecasting Mg-Gd-Y-Zn-Zr alloys

24 REEHEEWNERTRITA

K9 M ke GWZS31K fl GWZI1431K &=
TP B ) SEM A2, ME 8a ANl 8b A LI H
H1 T GWZ831K & 4 iy 3k i A B b, 28 i 24 5 R
KM GWZ1431K &4 b A & & i R RS i 36 dAl
FEAE . St A F R g | R By A T RS R L
GWZI431K &4, B 1 /5 58 5 1B 298 il i) ik 34 1w &b
Wr Bl A p L 2 E 0 A s |y 3t A,
GWZI431K 4 4 i 88 4 2 = R K ot ) A e 4t & A
TR R . A, GWZ831K & 4 1 My T 4, R
EWAAEE A A H R 2 A R i 2, B R
F AL, fE GWZS31K & 4 i Wy 1 20 2L rpr a] DLW ¢
B VF 2236 W 1) Ak 365 I R fogp 2E 220 T A R B e 9 P R A
R AN RT3 55 WL 8 FTIAL 8e, AL, A
GWZI431K & 4 i Jfe M W 2458 E JE 5 B W, B R # i
(i) B A7 AR 3 /N T R A 0 8 AR A i B D A H 2O A



(a) GWZ831K,500 4% (b) GWZ1431K,500 45 (c¢) GWZ831K,1 000 4& (d) GWZ1431K,2 000 4 (e) GWZ831K,2 000 4& () GWZ1431K,5 000 4&
B9 AEEHE GWZ831K f2 GWZ1431K 44 4k ir v 49 SEM B 4
Fig.9 SEM images of tensile fracture morphologies of rheo-diecasting GWZ831K and GWZ1431K alloys
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