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Mechanism and experimental research on
centerline segregation of twin-roll strip casting

DU Feng-shan, LU Zheng, HUANG Hua-gui, XU Zhi-qiang, AN Zhong-jian

(National Engineering Research Center for Equipment and Technology of Cold Strip Rolling,
Yanshan University, Qinhuangdao 066004, China)

Abstract: The problem of casting Al-alloy strip was studied, the mechanism of as-cast strip centerline segregation was
analyzed from the perspective of macro and micro, and a mathematical method was developed which completely couples
solute field, flow field and temperature distribution. The distributions of Fe and Mn in the Al alloy molten pool were
figured out by the mathematical method. The results show that the theoretical calculation agrees well with the
experimental results. The solidification structure grows along (001) direction rapidly by the form of columnar crystal.
Meanwhile, the solute elements are focused gradually in the kern zone, and the maximum value is gotten at the Kiss point
zone. In particular, Fe content of the Kiss point zone is much higher than the average value, and centerline segregation
appears after solidification. The centerline segregation tends to increase with the increase of casting speed and roll gap.
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Table 1 Chemical composition of aluminum alloy (mass

fraction, %)

Fe Mn Si Cu Ti Al

0.7 1.2 0.6 0.085 0.02 Bal.

Molten metal
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Fig.1 Macrostructure of molten pool
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Fig. 2 Mechanism for centerline segregation of twin-roll casting




2740 PR R AR

2015410 A

WOH D SR ITHEAT SR, DAL B A g ] 7t 1 10 HRE B AT
M S W T R o BREE, WA T MR
R T A R AR U S o e Rt ] (1 X3, Tk ] T A
Tz e PR T M S RATR R A, AR R
DR A T AT 2 o AR AL A B S5 40 3505
W AT, R AR Bk Ik, A S I
OS2 1

2 IBigHR

B UURR A L W AT LRI 5, AN G A
P e ] (VR AN HERG 1. BRI R A RO )
WA BEFE AR S A BE RS il 1S DL
Gy RURE A B L AW BT 1) LS JE R 2% (K 22 I R 15 1)

e

2.1 SRR

TEHERT LR T, 6 AT L DX P DRIE i 3
AL FEE St N DX 35, I B A ST RN P 20 A1 5
Y. AR R I, 4 e ) G AN A A
RAARA, ARSI IR I AL AR B) ) 2 dp A
(s R e B R R

22 ERAREMBEXIE

4 JB O FE A T AR e FIR AR 2 2 (AT, 2
PR R ARAS, HRBPIRAS L R A% S
RRT A 4 JeB S A 1) S5 ) 9t 80 1 s i ST DA — 5 9
N4y, SR Enthalpy—Porosity 7775 A AR X A4 i
SR —MZAAN T, W Z AN RIX i), HE)
2R (DP:

y:s-“}ff
X S WIRRCIRE NIRARZI R B XK
BRI HL v vy 20 BB AN AR L s Ao A
P AR 4, 25 TR T 2 2 — R TR B A A7 K,
H1 Kirkwood FEY AJ i1 — Rl ] B 55 v H1E A 2%
A= AT)™" s DB AR DS B Ao T35 (2)
I
_ 180 _ 180y

Amush_ 12 (A(f)_n)z (2)

Amush(v_vp) (1)

e w NERBAREREL; A T n B G SR BER 5

B T TP,

23 HREEREREESE

B HRASRKE AS, 3 AR B ME &
TIEGIR, IF HAULRE W BRI (7] N SR T
(1A R, i ] o ik A B T 2 5

-%Q#D+V(pﬁﬂ:VV@VD+S 3)

b p WMPRHE L H OGRS R (e,

BRIy S iR A S RE R

A VORI ST, RIEX @) s
0 0 0

V=i—+j—+k— 4
o oy e @

24 HREISEPBARNBSE

PRl T v H ok, HgtE g R s TR
(o E P e NN e RV e S 7o e O S L R ey P U
R Scheil HEM o ik [ DX B0 AR e V7 AL

¢ =kyep &)

— kO
© kg +(1—ky)e RO

(6)

e " Sy AR AR OV IR s R gt
SR Dy AV FAE RO R A BOR S ko AR
AIREL: ke MR ERE, AT ko5 1 20,
T [1— ke, | 955 T B

VIR AL 4 C F R, YA
Ve

%+V~(ciu):0 7
ot

e o AR AR i FRRIE

2.5 REERZREREENRERE

XU B FLECAR T F IR Kliss 5 0 4 47T L5
HY b9 AORAIE Y 0 DA T A s R e e i i
G305 | PR % DI [ AN ], T R BRI 5 4
TLER A T DTS T BEAh,
VIS ST e 2 3 PR I it [ S A AT
SR FH 08 RO R 5 Kiss A B 1 IR AN K 1
(7o EH<B e AT I W R < P e ] i 5 it 8 DA 2 1)
ST REA, R R R m A TR A



F25 BH 10

MR, S5 UM AL H Do e T LR S SRR RIT 5T 2741

T AR S3 CR) BTARRLE T RO B2 T3 2350l ol

T, = T + 0 mY; ke (8)

T =T + 2 mY; ©9)

e T NALVEFE K m MY, 35 AT I
FAERIZ R USRI TR AT 220 G 2R
#.

3 HWEFRES

3.1 HFER

RHCFAERIET DL BREE b B, WA SN
JI2E AT Fluent A XU B4 FLISIBIR 2) R L5y 43 A
AT 0 AT BUOFRRLEE T MRS 1) IRoektl
JEBUARR S U001 7 1 2E K5 2) i TR 5h
VERIZE R T4 HOME DRI i 2868 425t A 7 ) AR et
FES IR IRS) S5m0 3) 3003 BE e aa i
%, Hh Mn JTGE R EE SR EZRT, 1 Fe L5
G S FEIT . ARECHBRAON G & T i AR
FNEM Mn. Fe JC 2 ER I AP (150 ) A4 A AR AT
WHFT, SRR ITC R I . BOEEAA BT T3 AH G
SRR 2 frdl.

FARRFH PISO SVEMEAT K, Bl it
WA TS A v S A R 3 fros. hE 3
AT, BRI N J it 5 1 2 MU e T B 3 e
LR AT ARG, -7 LR 3 T v [ T J AR R e (WL
3(b))e  HHT-ELE AP A A TR & il sy “HiEBE”

R2 HEABRPTR N 25

Table 2 Parameters of mathematical model
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Parameter Value Parameter Value
Desity, p/(kgrm>) 2640 Casting temperature/K 963
Conductivity, k/(W-m K ™") 135 Height of molten pool/mm 50
Specific heat capacity, c/(J)kg "K") 929.5 Fe content/% 0.7
Latent heat capacity, Ah/(kJkg ") 396 Fe eutectic mass fraction/% 1.8
Viscosity, #/(kgm s ™) 0.003 Fe slope of liquidus line, mp/(K-% ) -2.77
Shrinkage/% 6.5 Fe partition coefficient, ko . 0.022
Solvent melting temperature/K 933.5 Mn mass fraction/% 1.2
Eutectic temperature/K 928 Mn eutectic mass fraction/% 1.9
Rolling speed/(mm-s ') 30 Mn slope of liquidus line, ny,/(K-% ") —2.63
Thickness/mm 2.5 Mn partition coefficient, ko mpn 0.947
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Fig. 3 Results of pool mathematical model: (a) Flow field; (b) Temperature field; (c) Distribution

(d) Distribution of Fe in molten pool
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