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Progress in Experimental Characterization and Simulation of Dendrite

Growth of Magnesium Alloy
Wu Mengwu', Tian Binghui', Yang Manhong®, Xiong Shoumei?
(1.Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan University of
Technology; 2.School of Materials, Tsinghua University)
Abstract: Magnesium alloys are known as green engineering materials in the 21st century, which is widely used in
automotive, aerospace and 3C (Computer, Communication, Consumer Electronic) fields. As a common grain
morphology during metal solidification, the dendrite morphology of magnesium alloy has an important effect on
the final mechanical properties of castings. The research progress and development status on experimental charac-
terization and simulation of dendrite growth of magnesium alloy with a hexagonal close-packed (HCP) crystal
structure were reviewed. Dendrite morphology and preferred growth orientations of magnesium alloy in two and
three dimensions were introduced based on the existing experimental results. According to the recent analog simu-
lation in which the dendrite growth model was established by coupling the solute, temperature, flow and pressure
fields, the influence of process conditions during solidification on the dendrite growth morphology of magnesium
alloy was analyzed. Finally, the shortcomings existing in the current research on experimental characterization
and simulation of dendrite growth of magnesium alloy and prospective development directions were pointed out.
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BB RIF R AR . I B = A B B AL
A JELAL AL« 38 S B WIS T 8 ] 0 i TR A B T
TR St 2 AT il R A A S A LA

BT B BE G & = AR A I R AL, AT LA
B 32 R SRR R TR RS S R B TR A
SN E SRR AR S L ST 2 W & Ve
P SRS R 2 T B AR BAE : O B LR 1A
FeA A AT e 1R B9 5 I H i RE A% 1) Sk A A2
A s AR TR A it 2B R A 0 TR 5 @ B [ L 7R PR v
H A R B B | T ) A5 AR DL BB ) Y 3
ERGHALSE S S S RRIE RN Z R S5
Ztk. CAHUIRERREE L B EE MBS & =4

Bodh A KB B e H = DM —E R R T B
GBI B AR ) 9 2R

2 Beedh ARG

TER T X BT W= 314 S = 4 50 O 0k 3R AT = 4k
At T B 14 3 A v 3 SR A I AL /D [ A R
(—JB 10% ~20% ) T HEAT P33 P K X B H T AT
Ja B 1 PR AR B (3 F X 0t BB AR T B (HLX A 1Y
[ R 22 A5 foh 7 = 4 25 i) T 1) 3 4 2R K5 R A X DL B
ARG RAE . T3 — J5 10 » 32 1 B 0 525 4 8 Gl 7
HATYEED) B 5 N P AL BRI A TR A W AR A 22
St AU TR0 B 4 4 REAE i Bl X )2 A R 4K

5



R Fh B3 MA@

2021 AEEE 41 B 1M

LS R S VTR S | 21T I (1 i 57 N 1 V2R
R0 FL AR 4 PR 2 J 55 10 50 st R kb 1 i R
AEJTVEFFAERY AN AL o A BEAE SO 20 U0 mT LUK 1 2 1)
B A B [ 5 v AOUE 2 20 AR L S B AROUE 4 SRR AIE 11
A RCI  AE G 4 BEE ST R T BRI A A
W J1 . H A AR R T 2 E A T A 3L
(Cellular Automaton,CA) % 1483 (Phase Field, PF)
o BEA EE N A% DL RO AT T O A s Bk i 48
5T PE 5 B T 5 MR R R0 R B2 71 ik 24 i)

2.1 H#EERBERKBHTHEY

TER ) CA J7 ik B & B i AR 4 T T, R AL
BT REIR B0 AT B0 E ST AR U SE B T B 4N
TR AR AR AL AR S A AL L [ 10 D RS 2 ) 2 A
S Al 5 R IR T P R R O LA R AR T
BTSSR RSS2 BRI A KL . B R
FIIETT L A% B0 AE CA BERL 5] AR RA% 25 1] 53 4
L. YIN H B % & HUO L 20 A H CA B h
R FIEZS I TE WS B0 i 2o % Jo] [l e 19 6 4 A 408
TCIE SCRAM AN SEBL T HA R 60770 B 4 M I BE
AR TE A AR ALL SR T F T R R RS 23 Sl it
T 4R BT E A KA i A 4 Bl g 4 W 15 4% CA
PR R AR 2k .

(a) % 4b
B 10 KRB CA F kit 8] 64644 & B
Fig.10 Simulated dendrite morphology of

(b) Ak &

magnesium alloy by CA method"*

FEMH PF Jr S0 EE & & — e Rom A K Jrm» 2
AWFFE L I PF ORCR AT DL SE B R 5 il B i
Gy 1A WG BN R BE 18] T2 A% 1R v A
AL BEBR E DL KON AL L A A A A T BB S A
AR R IE L 7 LA SR B T B 1] 5 1 AR S
PG LA B A 8] 5 4 AR A I A S & R O R oL AL i
Fi. WANG S 4100 PF R L5 i B 3 7 Bl 4
BIFTE T A A ORI £0O X 3 HE 7S T7 dn R 5 b
TS AL IR 2 25 R S B B AT HIOR O B AT

6

[E6] Y30 S T i) FR AL e AR5 265 v iR o DT U0 ) 07 A 28 I 1
KT 51T JEE BE 5 VB %) TR T A8 L TR ek 8 B AT L B AR
RPN 5 7E Y BCR BB T VORI B T
G A X . & 11 5 WANG Y B 41 2545 54
[F] 20 4 56 XS 2R b 2 JH A BOR A PF 5k OH9E T — 8
TR 2 AR BE R Ve A R X BE S 4 Mg-6Gd & [ & [ o 72
VSR S R BRAE Ve B AR W B R AR
oA 7 1) << 1120 >, A= K £ B BB F 900 46 £ B
Wil Ve AR A4 i BT RIS B A K I R
FERG BE 7 1) A e, AL 45 R 5 I 45 R R — B
ZHANG X %1 g PF R 5| A M F B IR 2% 2 )5 1k
(Lattice Boltzmann Method, LBM), #F 9% T A [7 3t $F
BURT BB S BMIE S, WAL 12, 450 R A8 b A S 7E
TR I 30 1R 25 K Bl T R AR i & SR T A1 4y
T3 TE AL st JE LA 4 At 1 A B0 3B OB A 3K Ak
PR B, HORoRLE 40 /N, PAN H W 295 FI| | PF
Ty AL T B IR i A b M- Al & 4 T 8 [T 1Y)
B A RAG O 98 K B, — D7 TR G s 7 3G R 2R
FBR By g 1 s A AR K SR R H T ROBR R
iR o Gy —J5 T He 77 3G 023 {6 ¥ o 4 i 2R 50 AT D i 41 7
ARt A G PR MR ot A R TR A T ) 3 i S 0 i
N SR WA N O SR

(b) 0.033 K/s, 483 4

(o) 0.1 K/s. X AH# (d) 0.1 K/s,483% $E

(e) 0.25 K/s. X4
B1l RKBELHAGRMFIGTaQRERRAHREET
44 Mg-6Gd 4 dh B 520

Fig.11 Experimental observed and simulated dendrite

(D 0.25 K/s.48 3% £ 4

morphology of Mg-6Gd alloy under directional solidification

with various cooling ratest'*



B3 BT AR K U8 R AR SR UL FLRIT 5 O

RER %

Ww(AL/% Ww(AL/%

0.1645 0.1606 0.1354
0.1527 0.1491 0.126 4
0.1409 0.1377 0.1175
0.1290 0.1262 0.1086
0.1172 0.1148 0.0996
0.1053 0.1033 0.090 7
0.0935 0.0919 {00818
0.0816 0.080 4 00728
0.0698 0.0690 0.0639
0.0579 0.0575 0.0550
0.046 1 0.046 1 0.046 1

(a) 0 r/min

(b) 500 r/min

Ww(AL/%

(¢) 1500 r/min

B 12 Agmsg sl e AR SR R T RS AW H R BRI

Fig.12 Dendrite morphology of magnesium alloy simulated by PF method with various stirring rates

22 HEEEBREKH=Z4EN

R AR BT Bowl 58 B A 4 6 [ 0 7 v = 4 A
i T 20 T A 1) O B A T 8 T v B Y B S A S4ER R A
FAT A H 0 45 572 1 3 A 25 T S o A 3 [ e
THI E HTBE A A ] S P JHG D PR A T [ 5 T B ol RE Y 4%
o) S PEAEAR KRR E B s 1 Rk B 5 00 3 A A KB
. SUN D Y £ % |4y + 8h /1 %% (Molecular Dy-
namics, MD) BRI T 88 AR Ja 1A 1) S T g L OF &R T

[47]

BRI oA B T TR E X B A B AR A )
PR B S SE R E AT 2 R . ] 13 S AR PR R
Fl CA B E3ET SUN D Y %09 557 (56 4 4 [ A
T E BB A ) M ok RS S0UAS B A0 BE 5 4 2 SR
FREIR A KT 30 Hop B SR il I e 2k K
7 ) LR LT 9 6 ><T1120=>J7 ] FI T L L I A9 2 A4
<<0001=>J7 i , 7 % [ 13 72 ok 1 6 A~<C 11205 1]
AR G T 2A<<0001 > 05 ) . Bt AR R B

(a) 54 &

(b) % 4h 3

(c) Ak dh

B 13 KM CA 7 kAR 5 6 46 64 = 44k i 7 27

Fig.13 Three-dimensional dendrite morphology of magnesium alloy simulated by CA method™"”

BEA 4 B S A B B R S

AL AR Sf L A2 35 T BRI R R 06 SR AE 25 AR
Tl B 4 T T R A 1) S R R
Y, 2B ) BE % B 47 M %0 1 18 )y ST SR BE S 4 = 4
Kt TES . 18 14 g AL R A PF 7 B4 iR 5
FAFFSF) ) Mg-30Sn = i B 51, 7T LIE 3 PF
7 B AL i AL R 0 AT 4% SR AR AL S B
S S KB ZS L A<C0001=> 7 [ B % i 2 B0
X FRARAE (B 14b FIE 14g) s A<<1120>>Jy fis) 5 K i
A 8 A4 (] 14c FE 14h) , £E<<1010>> J7 [A] {9 ¥1 /&
PR R 12 IS (E 14d fTE 14D, i A
<1123>>75 [1] X REWS F B A 10 3 J2 454 (I8 1de ]
14) . [ B BFSE T [ 1T A R RE 4% i Sk R
AR R BB 6 B A B S TR SR S i SE B T B & = 4k
SR IE A 1 18 43 3] 12 43 35678 ok B 4L B R 45

X T o W B 4B 1 B 5 A8 A o B BRI
X, WEHHPYIERES & 2R A K S 4R B
W I AR S — N R AR AR R BT B A — A
7, HAEM 3 At 6% B R B P b AT T R BT
HMEZ L DA S BIT AN () B A5 i S A K ) = R AR A
(B 15) . T4 K590 B F 32 @& 0 5 sl e P
HOR T AT AT R HEAT I A AL 4 R A b
MM THEA B SRP M AHRSZ R A KT
THRES R e b ZREE . EIKEN J92 % fE 86 4
S B AR A S A L T TR R T IR A MRS L & 16
RS B B A 4 A 1) B [ S5 1R T BN R 2 A AR
M =g AERER. R RERSERMETIHS
<1120 F7 K A 6 A YRk L o < 2215
J7 1) TR A I A KA <1120 7 [0 RS 55 . 24 A
i 2E K SR A I LA A KA HE IR ) R O A R
7



(b) #4835 #£ 0, <0001 > (o) M EEH,<<1120> (d) A5 AEM . <<1010>

O KB, <<111> (g) KIIME, <0001 > (h) KM A, <<1120> () KB, <1010> () KB, <1123>
B 14 FARARGWE T44E4 Mg-30Snl8 45 3 H A8 E 4 £ 5 K I A AE 45 R g 5 w5

Fig.14 Comparison of the dendrite morphology of Mg-30Sn alloy between phase field simulation and X-tomography experiment™*’
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