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(b) Scheil solidification
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Table 1 Solutes content and temperature at the turning point in Fig.5a, and Fig.5b
Phase Cooling rate/K-s™ Gd content/at% Zn content/at% Zn/Gd mole ratio Temperature/°C
0.001 296171 14.48112 4.89 533.00
0.01 2.97837 14.39348 4.83 533.64
0.1 2.91008 14.75750 5.07 530.96
Liquid 1 2.76062 15.59724 5.65 524.45
10 2.69255 16.00530 5.94 521.13
100 2.66287 16.18452 6.08 519.64
1000 2.64881 16.27344 6.14 518.90
0.001 0.32994 2.22555 6.74 533.00
0.01 0.33968 2.20286 6.48 533.64
0.1 0.30114 2.29699 7.63 530.96
a-Mg 1 0.22766 2.52123 9.11 524.45
10 0.20044 2.61595 13.05 521.13
100 0.18719 2.68144 14.32 519.64
1000 0.18205 2.70371 14.85 518.90
30 8
. ——o000tks @ = ——oomws D
25 i g’ mary
E 1 En 6 iy
20 : SS > —=—10K/s
<l Rat & 5] Bttt}
15 . £ 4l
g 53l
=10 ‘g
3 - &l
g @ g1l
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S 5l “Vesemaca | X7 L Messmand
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S Q1
00 05 10 15 20 25 30 35 00 01 02 03 04 05 06
Gd Content in Liquid/at% Gd Content in a-Mg/at%
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Fig.6 Projection maps corresponding to the curves in Fig.5: (a—b) Mg-5.5Zn-2Gd and (c—d) cooling rate of 1 K/s
AG =AG" IR T ENRRAG >AG | R Z IR SRR I R AR ARSI 9 WA S WA T VA BT % B AE WA
LA Y, AN [ 7 2 K 1) Mg-5.5Zn-2Gd 4 ifsso T AR SR, T RENTE WARIRS) 108 0 KT
IS, YBURH B o 5 B 2 ORIk B WA 45 & B0 3R Bl ) A Jo e il 2R AN, LA TR AR VBURH BRI O R A TAH T

IR JE N 490 CIFBAH A B & B O &AL T W AH S &
[ 53 26 1 5 75 460 CH, LML T TAHSE & 1 Lo 2 1
HO M TS . IRAEAHRISRESFI & B 5 R AR U
(R 5 2 B S IR A 9%, AN R VA #1321 Mg-5.5Zn-2Gd

DA MG o 285 8 1R 2 AR IS TAR R 45 i o AL Sa mT 01, 1
AH &5 B I R BORH B 23 A2 Gd 2 8N 1.866at%, Zn & &N
22.122at%, XF MR E N 460.29 C o IR A T UG 45 fb s
AV IO B AN 2 TAH (1) 45 it 25 18 10 2 T 2 W AR,
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YR PRI T R R, SR I AR AR T U 4 o B R R
TOORE HR PRIV 0 e, SRR R AR VOURE PR R FBE , e e s ) g
[i] R ) 73 SR S AR AR ST K B . R, 4 v ]
VA E TH R 2R3 TAR R R BT 400 k) WA BT i o
3.3 Zn/Gd EEXF Scheil 5 [E4H 2 AU S0

VA )T 6 IR 3G I RE A% 4 = Mg-Zn-Gd & & (1 TAH 43
R AR W AR 2 5, AR 1T X T Zn/Gd J5L ¥ BN 6.54 )
Mg-5.5Zn-2Gd & 4 , 75 P it [ 214 R v LAS 31 LT
B — TAHBE SRR A &, SR E A1 i vt [ AR R, TEAK
51 1074 TR TAH (1) 73 B SR /I8 T~ i B 1], 150 B 4 ) 1k
SRR 051 S 1A 1 23 500 19 00 280 R A7 AE 45 — € )
PR o FE T fli7 B [ 2% A I, A5 B s — DA IR B B &
ASC T PR AE AR Tk 3 A W AR I B e 97 B A 7 s

AR UAH . TAE T e ] R v, ¥4 2 2 e, [ AH 1)
VIR HICH 2RI, WA BRI TG v i A AR AR T B AR 7 £k
BA7E S & 4141 . Ohhashi Z5*77F Mg-Cd-Yb & & & 1)
BIF T8 A N BRE T DL B 2 3 e 3 5 s SR 1 B TAH
BRL U, R T il & e — M o AR SR B A &, TR AR IRVE
FHIT 46 45 i I Geat W AR 45 di B B, B OR TAH BT RAAE 9 ik
A2 A B TR AR A o o 36 S LA e MR AR IR
R85 T - AN IR R TR B 4 (M 3R B g B i mT
PLE R LS N . 6T Mg-5.5Zn-2Gd &4, 7E
LRI AT GAHENE R 258 0.5~10 K/s) , $& =¥ 4l
T EEHEAE 1Y 0 1AH 2> Hod > WA 23 E (H L RCR A IR
M7 18 4 B 4 40 A8 A TR 4 5 A 2R BRI I U
1% 5 I 2b AT, 75 28 31 1) Scheil #E [ 1 72, 24 Mg-
xZn-2Gd &4 Zn F &R T 10.89wt%hf , W AHYH 2% 1M
TAE ) 5 20 B LT AS T3S0, 1% 358 B ZE R 46 & 4 A 1)
BrH, AR B A & I Zn/Gd 57 bR 2 T
L MO R g . B 4 ] DL B, Mg-
11Zn-2Gd & £ TERAR A EI 28 10, i 28 5[] 40 2L P ik
IH AL 2387 1 W AR, 3 35 B 7E 74 2 8 A1 Zn/Gd 57 1L
X ER AR BUR RS TR 1), A 0 B SR AR G A A
HETnER A BN TR E A LR .

FT2 ESsciESdFHESLNARESESRE

Table 2 Solutes content and temperature at the turning point in Fig.5¢, and Fig.5d

Phase Alloy Gd content/at% Zn content/at% Zn/Gd mole ratio Temperature/°C
Mg-4Zn-2Gd 3.23043 13.14333 4.07 542.15
Liquid Mg-5.5Zn-2Gd 2.76062 15.59724 5.65 524.45
Mg-8Zn-2Gd 2.25210 18.77458 8.34 495.93
Mg-11Zn-2Gd 1.88007 21.80994 11.60 463.67
Mg-4Zn-2Gd 0.51374 1.88817 3.67 542.15
Mg-5.5Zn-2Gd 0.22766 2.52123 9.11 524.45
Mg Mg-8Zn-2Gd 0.07576 3.44032 4541 495.93
Mg-11Zn-2Gd 0.02553 4.38941 171.93 463.67

w2
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Fig.7 Normalization driving force of W phase and I phase crystallized from Liquid at different temperatures: (a) 550 °C, (b) 490 °C, and (c¢) 460 °C
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Table 3 Solutes enrichment slope in Fig.6a, and Fig.6b
Cooling rate/K-s™ Mg-4Zn-2Gd Mg-5.5Zn-2Gd Mg-8Zn-2Gd Mg-11Zn-2Gd

0.001 3.52973 4.68598 6.65380 9.23396

0.01 3.42869 4.61682 6.64078 9.53536

0.1 3.57453 4.93579 7.46884 10.64705

1 4.01003 5.53976 8.09372 11.19349

10 4.32663 5.86171 8.40351 11.45177

100 4.47190 6.00361 8.53899 11.57965

1000 4.54366 6.07281 8.60566 11.63584

WK 4 FroR, R AN 1 K/s I, Mg-4Zn-2Gd &
&R T A WA & & i 8 0.80% FiT 3.01%:;
Mg-5.5Zn-2Gd £ 4 1 1TAH AT W A3 43 3l 24 2.36% F
2.40%; Mg-8Zn-2Gd & < H 1 TAH AT W AH 73 301l O 4.69%
Al 1.38%; Mg-11Zn-2Gd & 4= " (19 1A A1 W AH 43 51 A
7.42% F10.10%. [ #E Zn 25 B30, WAH 1) 75 Eo o>
7 TR (14 B8 i, HL Mg, Zn,, A7 AT MgZn A & & (¥ 4
Ine X UEIIFE T B IE SR T e ma &P i Zn & B
40 Zn/Gd J5 - b BE AR 2E TAH B9 T8 R i #1011 WA T
J» SRAS L B KB TAH R A W AH R 22, DTG 36 2 e )
A G SR B S it BEJE , X HUBEST TR Ak Ay
1 K/s i Mg-(4,5.5,8,11)Zn-2Gd & & (ke f2 . B 5c
F5d BT N 4 B[R] Zn A SR EE Ay 1 KUs i ik
(] R AR AL a-Mg HI 5 A8 A B, B 6¢ FH 6d 43l
9 5¢ A1 5d Bt SR B, L5 s BRI PRI o 2
AR JE S SRS R R S B TR 2 MR 3 . w]
PAE S AN ] Zn 35 B 0 4 4k [ o rh v i ARk
AR WL Zn SR, 0 E £ R )
i 2 T PR 5 B SR K, YRR I T IR AR AR B
M2 Fn] i, B G Zn & BN, IR AR T 46 25 dh i
B BB AR Zn & 230, 11 Gd oz & &b, BiE
JRE A BN, MR 3 AT, Zn & & A3 NS BURARE
WA AH o-Mg K ORI 2 Hh 1 378 Jo AR A AR 5 B S 184 2K, 3 B
G4 Zn & B I D0 REAG R R R HH I T AR T
Ho BEE RIS RE RN S, AT A6 45 5 I R
TOOAH FP IR O B TR R TAH ATRAE P BB 4 A T R
A, AT 530 W AH 23 kb o an B 7b B, 1A ELE 2R
N1 K/s B, Mg-11Zn-2Gd & 41 490 “C B AV i &
RIS B W AH I 45 & 264 B UL A Gd TR & &
G, XEWREZEEM WS SN BRD, PEIW
AHEE 5 TR AT CARAR TP B et . 28 BTk b
Zn & BN, WIEE G S AR AR 1) Zo/Gd R 1 LU R AR AR
A, 51 EE I T AR B TR I AR R, SRR
AEI 46 &5 it BT PRI A VA HR s o 2 AN [, a5 e
55 RE R B 3K B ke s e 2 AR SRR B & S
442 Zn/Gd LU REWE A2 2E TAH (R TR 1317 k2> WA BRI T 1l o

N T AE Mg-Zn-Gd & 4t 8] 20 23 T 45 21 55 2 (1 HE &
1A, 0 B S VIAA A 410 Zn/Gd JE 1t , R R T R4
A HE . AR, R Zn/Gd 5T HE IR 5 A% 1
Y56 [ A2 R 1 TAR 4355 (R B 1) Zn/Gd R T L 1 25
A& Mg-Zn (b &I & & W . Mg-Zn tb &K
FAE S EA56 & 01 5 VERE AR I SR #4 i N B, 35
A SRR, EAHER N1 K/s %M, 24 2Zn/Gd
JRF LN T 6.54 B, WAH S & 53 = T 1A s 24 Zn/Gd Ji
TH R 6.54 1, W AR T A & A — 80 4 Zn/Gd Ji 7
FLRTF 6.54 0, T & T WAHH; 24 Zn/Gd J& 1 HK T
13.15 1, WAH & EARAK, H 1H& R E Zn/Gd &7 i
RIS AR . A, Bl S A AR 3G 0, W
A R LA A I £ . DRk, 7F Mg-Zn-Gd R &
0 G ) SERR B G I FE R, DO Zo/Gd JE T R
1E6.54~13.15 (TSR A , [R)IH /AT RESE s [ A 2153 R

ANTT AR 52, Scheil 5 [E K SR A7 15 35 — 52 16 & R
Y, RUNTE & & 10 S bRt [ o, WO o IS R 8O A 78
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By oA, B RE RS AP AER S 109 8. LA, B4
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Solidification Structure and Quasicrystal Regulation of Mg-Zn-Gd Casting Alloys

Wang Chunhui, Yang Guangyu, Qin He, Kan Zhiyong
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The I phase (Mg,Zn,Gd, icosahedral quasicrystal phase) is widely considered as the strengthening phase in Mg-Zn-Gd system alloys,
providing more significant improvements in the mechanical properties compared to the W phase (Mg,Zn,Gd,, cubic phase). However, both the W
phase and the I phase typically coexist in the as-cast Mg-Zn-Gd alloy, thereby weakening its mechanical properties. There has been limited
systematic research dedicated to investigating the crystallization mechanism of these phases during solidification. In this study, the equilibrium
solidification and Scheil solidification paths of Mg-xZn-2Gd (x=0—12, wt%) alloys were calculated by Thermo-Calc software. The effects of
cooling rate and alloy composition on the fraction of the I phase were studied. The results show that the equilibrium solidification structure of the
alloy with a Zn/Gd atomic ratio of 6.0 only contains the I phase. In contrast, limited solute diffusion in the solid phase hampers the transformation
of the W phase into the I phase during non-equilibrium solidification, forming a mixed structure composed of both the W phase and the I phase.
The variation of cooling rate and alloy composition affects the solute enrichment rate in the Liquid during the solidification process of the primary
a-Mg phase and alters the solute content and temperature of the residual Liquid when the secondary phase begins to crystallize, and influences the
type and fraction of the secondary phase as determined by the solidification driving force. The increased solidification cooling rates and Zn/Gd
atomic ratio inhibit the W phase and promote the formation of the I phase during Mg-Zn-Gd alloy preparation, resulting a higher proportion of the
I phase in the alloy.

Key words: Mg-Zn-Gd alloys; equilibrium solidification; Scheil solidification; solidification path; quasicrystal regulation
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