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Advances in the Mechanism of Centerline Segregation Formation and Predictive
Methods for Magnesium Alloys via Twin-roll Casting

LI Weihao', WAN Jie', CHEN Yuzeng'?

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. Suzhou
Yunjing Metal Technology Co., Ltd., Suzhou 215024, China)

Abstract: Twin-roll casting technology is considered the ideal choice for producing magnesium alloy sheets because of its
characteristics of subrapid solidification, short process flow, and high productivity. However, the inherent center segregation
in the sheet material produced by this process poses a significant challenge, as it can negatively impact material properties
and is difficult to eliminate during subsequent heat treatment processes, thus hindering the development of magnesium alloy
sheets. Traditional experimental exploration of center segregation mechanisms has proven to be inefficient. With the
advancement of theoretical models and computer technology, numerical calculation and simulation methods have been
widely adopted to predict center segregation. These methods have demonstrated high accuracy in predicting temperature
fields, concentration fields, and flow fields. This paper reviews the application of solidification models and finite element
simulations for predicting center segregation, comprehensively analysing the formation mechanisms and various influencing
factors. A critical evaluation of these two methods is provided, along with a prospective outlook on their future
development in the field of center segregation prediction.
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Fig.1 Schematic diagram of the two-roll casting and rolling process: (a) horizontal casting and rolling; (b) vertical casting and rolling;
(c) inclined casting and rolling™”
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Fig.2 BSE images of two-roll cast AZ31 magnesium alloy with cross sections perpendicular to different directions: (a) rolling direction,
and transverse direction, respectively; (b) normal direction of the sheet metal center!""
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Fig.4 Schematic diagram of central segregation and reverse segregation™
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Fig.5 Schematic diagram of heat transfer’

https://www.cnki.net

23]



o [ %01

CHIER A N12/2024

FRR, F . EAEWRFAPOEREANBERANG EHARER

«1109-

LU

q lzhl(TR_Tw):kR( 0T, )

| Ox )

A TN TN FLER TR K TR S sk M FL R A 15
R h LR 5K 2 I B IR

L4 5 5 T (9 400 3 5 S KA

4T T}) 5)

Ao, gk LA S AR 8D (0 BAGE e 5y FL AR 5 AR
Z I AR AL

Q)R RSB 1R X T 1 I B B B R
B e, bR v DO 5 5 L 3 1 S
T RS AT R T TROAL A i 25 4 4 e,

il

— Co
G, 1-(1-K,)Iv(pe) ©)
_AG
v= UoRgTi (7)
n iy s 200 sy il s
AG=Z, [_Ck (:“k_lu“k )+% ( kl_:“k ) (Ckl_ck ) } ®)

S AGHIRE S35 .k ke AR A e 3 5 €
S TR ARV B 50 Ay S T AL VR MK TG 22 1 2 34
1y BT A AT TG 22 B0 A2 3t 0 R A SR i A K
BE o Ky 052 A B L K, g A 7 45 43 0 R B o
VS STk AE TR PP B R R

(3) A 5 30 F7 2 MR Y u SO g 80 (B2 15 4
SR X 3L 0 B R R TR S R A
HJ FH T TRC 1 42 75 3 i,

L(C)

S s il 0g° _
oK =0 )

li li
g C | o B ag g s Dig o
TWLK"CC%JFC'{BQ;JFA 3, *’”M[Q—<Ck> }—0

=17 1li
|

(10)

1.1
8[9‘<C_>] cag" | jex” Dyg [ €, A
€ WA 2j=17ﬁ%[q_<q> |=0 @

J
i3 / s 1 s s
KG L)) PR ey a B pr-cryeo

T

(12)

WG TN _p 9g° gk rp_ipoyq _ 09" AHy |

T

1
I 09 gk poy=0 (14)
ot ot l“‘
T

S, <R FET 59 g B AT AR R

https://www.cnki.net

o TEVIGT Ab B 58I 500 v 11 5 T A VA
AT B A 0K T 5y — VKRR 5 160 5 7,0 B
IR ko AR A T R AR T (1)l
[ FH P 3490 1 5 (T WA SR 5 ¢,
CCY IR v 7 5 (D R o B 5 (€Y
AT S

()T FEHE AR TE B R BT B [ Y Sk v B
FH 37 70 2H B
AT=ATAATAATy (15)

Kb AT 8 s AT N 8l 1 253 ¥ s ATk i 35
FURL S

I AR G IR B R KL A ) ) S AR A 4
AR )2 ] E A5 I TRC T 2 2805 [E4H
MG bR E M Z MO R | kS AR KT
HRBCRH PR VA VR E ORTER DX (AR R, 2 T S U
G R BT SR 55 . Wu S5 S e [ B B0 T AR A
T JEEJEE 7 ) PV B AR B 0 A I 0, O 5 Sk B 4
RW)E R
3.2 ETHERTETN

AEXF {8 P 5[50 2E8 11 5 W0 TRC O AR A
2078 A B oEE T o, D& HE N
R [ PR AL (g M v Q02 PR A BR T AR A 4
AT B3R 58 35 A6 n] A 7 T B AT P
3.2.1 A PR ITHRLL A fOW 2H 21 S

A PR T AR AL B T IR AR ) 2 RGBTk
T A A AP T B s L I S ) B T AR, BTN TRC
AR i R A R IT
B R AF A ProCAST \Ansys5s . Zhao %5295 i #5 &
Vi AR E AROM R RE A% IR B A BR TR A4S B
T AZ3VEEL IR B R 1 o A SO AL O
s X BEw A BRI, YudE Wi i A BR TR 8L ST
TGRS W B GR JFR A T
CMRATT T I, X SE RIS IE B T A7 BT rT A 74

TRCEE [ 3 F2 AR Bt L oS A it i A K
i A IR O AR FL ok O 20 29 1 55 780 30 5 3, A 45 A
WAL Jei A shALR AL SRR A AY | an &l 6 i
7o KornerfFHOZ5 T 3R 7 ik R IR, T
X 3FPE Y AT AT B A 4

(DAL FH S B AT o0 A 2R 4L 1) 3
R — A A S 5 B o | Ak B R 2P R R
WA Rk e R AL HERPEIRIERT AR A A
Xof At 75 o A TR R AT A5 M 5 AN TR S
A TR A, o8 2 LN Sl U B S AR G BB R Ak
A7 10 AR T B2 FH 1A 1 728 4k 1) o 50K il 38



o [ %01

-1110-

FOUNDRY TECHNOLOGY

Vol.45 No.12
Dec.2024

6 ARV EB T R I : () #HIA T 5 (b) JCHE A BHL ;5 (c) S84 I 15 Bl
Fig.6 Schematic diagrams of different modelling methods: (a) phase-field method; (b) cellular automata; (¢) Monte Carlo model™!
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