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ABSTRACT A model for predicting the microsegregation of ternary alloys was developed via
extending a previously proposed unified microsegregation model for binary alloys. The present mul-
ticomponent /multiphase model retains the advanced features of the previous binary microsegregation
model, in which the unified microscale parameter @ takes a general function form to account for more
possible influential factors, including the partition coefficient, solid fraction, solid diffusion coefficient,
dendrite geometrical morphologies and solidification rate, etc.

The algorithms for calculating the solidification paths of ternary isomorphous and eutectic alloys
were proposed, which closely couples with a commercial software package/database of Thermo—Calc
via its TQ6-interface in order to directly access to thermodynamic data needed in the multicompo-
nent/multiphase solidification path computations. In the solidification of primary phase and three
phases eutectic, solid fraction fs; was selected to be a control variable when solving the equations
of the microsegregation models, while in the solidification of two phases eutectic, temperature was
selected to be a control variable as the relationship between the concentrations of solutes B and C'
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was unknown. In each calculation iterative step, the names and number of the equilibrium phases were
obtained from Thermo—Calc, and then saved and compared with the calculation results of the previous
step. As the names and number of the equilibrium phases in each solidification stage of ternary eutectic
alloys are different, the three solidification types were determined by comparing with the results in the
computation process.

The availability and reliability of the proposed multicomponent/multiphase model and algorithms
were demonstrated by sample computations for the solidification paths of Fe-40V—-40Cr, Al-4.5Cu—1Si,
Al-10Cu—2.5Mg and Al-1.49S5i-0.64Mg (mass fraction, %) alloys under different solidification/cooling
rates, and by comparisons with the experimental results of quantitative measurements of corresponding
solidification microstructures.

KEY WORDS multicomponent/multiphase solidification path, microsegregation, Thermo—Calc

coupled calculation, multicomponent Al alloys

% 2 5 G BARAE o+ B SLAAREE NI R R A

Ao WU 00 HSMWARRAAALTE | 4E o HF SBD X

fs AR B R HURAE

fo WS 0%F  RSMWARA AT | 4E o+ B S

Cos  HI5E i MMIHYEEE SBD R BN

CTE G158 i LSS T T i

¢ A—lAREER S 2 4 B 2o LA A SR RLTELAL, TR 8

Chi o MR BT BT BLALE © AERUHSHK L (T B BB B, 5T & GBI AT MBS

CLy o+ ASGRBERAT T BLALT ¢ FERAHE B, TER A A G B A R B I 1 A
Rk REMERATEREL. HTIENATNEEEZNE

CLv ookt ASCARBERAT B BALTC ¢ A2 T/ ZAG A, BB L TT A AR B AR R B B
AR A ERY.

k3 158 @ 48 o ST AR R LA REEGT Bt 70 R, Fujii 2 U

K] 45 B MR MATLRYK T R REA TS Scheil #1 Lever rule BEEAL

k3E AT @ 1 o + B RIS T R B, B TGS EIRET. 2508 SRR ET &

De G i fE o AR ETERR R B AR HY AT 1970 4E, Mehrabian #1 Flemings(?

DY T i 4E B R BRN T Scheil BEFIW T NiAl-Cu =550 45,

D2E 5% i fE o+ B SEEAR Y BURE H T RIHA R AT BT G = 2250 & 4 A 15 [ 1 2 B0,

R o MESEEEE WAFER M “ILA S RABERT DL B9 pEEt

R o+ O ShH A B OARAT B A BRI SRR, ML T 2% B IE

Ba o MR 1, LA B B AR R Y B R B8l m e, A

B2E o+ B SEE AR R B ST BRI R SE R T Z06%

S o FHEIRARAM B B R R RR G Z YR8, IR 2 B T

28 o 4 B SRR TR T BEE SRS F A A P B, Jek
28 o M7 o+ 8 LR BT B AR T BT A5 78 ME A 1 8 h 2 R e — B RE T SRR £

B¢ UL i 4 o AIFEIS MBI B (SBD) Xu 4 120 il TR iR AR EA S
- FE R BTG S OO 55— UL A% SCHRET Sk [12)

B S PURRRIEAR, L T WA= 50T /e B B S M
— TEOWARAT ALY, FRAE IR AR T S R 122 AR

Pt HEIUTBSIER o ML i 5K Thermo-Cale S RHHPMIZ oL/ S & & BB
Forien 8 Sk RSO, ISR SR RIAT A 4

G RIS o+ B SR HURLEAT 180,

2E
9a

P8 Fourier %{
a FTE o + B FEahAHBE B RTHY R BT R4

1 Z5u/SHEgRERE
BB E P AROW AT T o S R E LR E A G. £



958 & B ¥ W

%45 B

T 4 I R 22 D 2 [ 2R TR [T B,
WA FFE R 25 5 T By BE R SEAR Y RO SO AT AR . — 53t
G SETE A0 3 AMAFRBEE BB FATERE .
AL B 5 AR BE R, WK 1 PR, R4S
Ay oot S S R BERE O AT LR 75 B 3 A4
W BLA B S 2 RELe LAIE B BRAHRR, FF 7T A SR
B Sl e RTINS il Sl Pl IRl IR i 1 B
-5 - 5 SRR S SRRERR 1)
1.1 ZuRERERMY RITRE

2 JCHUBEE B9 B AT P 5 o0 & SR
FABER M. 420 A-B-C =88R 84Ty #A
B AR, XHEIRALT i(i=B 5 C) 55
TR [12—14] F R ERETH:

kY —1

Cf, = Coill = (1— Pk L]TTT (1)
B = 008 /(146258 (2)
i = (D /R})E - Aon (3)
07 = (14 Ba)K3 fu/ 17 (4)

1.2 FEdERE MY REITRE

PIARSL AL BEE I, L /WA A, DROAR AR R kA i
W 1 BT (oo+ 8) PARIESSE SR, A SCEZH B
BEEVET IR (a) PIARIE S BERE KN ER] A2 AR L
7, BB LA LW — A BRI a4 A Al 4k
1 () 20 A AR WA iy 4L 47 18] ol 7 [ A S 4 BT

1 =5edti e S o M + PSS (o + 8) BEETRE
Pl (B TIBAH (L) 9 —H03 4 T RE e ST = AHSE w
(a+B+7))

Fig.1 Schematic growth of a—dendrites and binary eutec-
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Fig.2 Flow chart of solidification path calculation for a ternary eutectic system
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Table 1 Parameters used in calculation

Parameter Value

Solidification shrinkage of Al[17] 0.043
Dg, in Al-4.5Cu-1.08i, 48exp(—16069/T)
mm2s—1 [18]
Dg, in Al-4.5Cu-1.0Si, 202exp(—16069/T)
mm2s—1 [18]

Dg, in Al-10Cu-2.5Mg and 29exp(—15600/T)
Al-1.49Si-0.64Mg, mm?2s—1 [19]
Dy}, in Al-10Cu-2.5Mg and 37exp(—14900/T)

A1-1.49Si-0.64Mg, mm?2s~1 [19]

Density of a phase, g-cm—3 [19] 2.7
Density of Al;Cu, g-cm™3 [20] 4.34
Density of MgaSi, g-em—3 [19] 2.00

Density of Si, g-em™3 [19] 2.33
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Table 2 Measured results from Al-1.49Si-0.64Mg alloy solidified in different molds

Mold Solidification Solidification Secondary dendrite Solidification path
time, s rate, s~ 1 arm spacing, pm
Graphite mold 10.969 0.0912 35.273 L+a — L+a+Mg2Si—L+a+MgaSi+Si
Sand mold 183.633 0.00545 90.352 L4+a — L+a+MgeSi—L4a+MgeSi+Si
Insulated mold 1644.380 0.000608 224.090 L4+a — L+a+MgeSi—L+a+MgeSi+Si
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