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Abstract

The equilibrium phase diagram of the Al-Ge-Si ternary system was calculated by the
CALPHAD method. The sub-regular solution model was used to describe the Gibbs free
energy of the ternary solution phases such as liquid, fcc and diamond solid solutions.
The excess free energy of ternary solution phases were calculated from the interaction
parameters of the three binary systems which construct the ternary system. In order to
confirm the validity of the calculated phase diagram, a thermal analysis of an Al-24.09%
Ge-16.5%Si ternary alloy was carried out and the Ge content of primary crystals in the
solidified alloy was measured by an electron probe micro analyzer. As a result, the
obtained values of the temperature and the Ge content well agreed with the calculated
ones. Furthermore, the solute redistribution under the conditions of the equilibrium and
non-equilibrium solidification were analyzed, and relationship between the temperature
and the fraction of solid of the ternary alloy was quantitatively estimated.

1. ¥

Al-Si 2 HEAR D &+ 5HBEAESOM R IEHT5WHED 5 RER SIHOEE
Lo TKESHEEI NS, TDORD, TOWEOHE (2F 4 74 r—vav) CHALTELD
WErifTbh b, BEENERBEOHELE L TR Na%SD 75 ) &BR HETEORIMN
B, FRFBAEAEHEALD CLH5HEENRALAON TS, T bOFERICL 2B ER
T5 T, EHOEREENSI ERALFMIvTEVY VREETHL Ge 25T Al-Ge-SI =THRE&
OBREEENCET B OAREE L TERLD, LiL, ZORDOETLRRERICET5HE 13
EFTODEZABEAERDIBIG, T2 TERPIFE T, Al-Ge-Si ZRRTFEREBR ¥ B 1%
BB - TRET S LR AT, ERBONIRENOZYHE LWL T 50D, BOH
EEr EPMA X 20 MEBEOBMERITL, SHEREBRE DHER Tz, 2B, Bohid

SBTHH SBETSHE=HE

i




12 KENH - KEE— - Regth - TRET 2

BEREN T AT, BEOBEMEAIBENES TH 5 FERERES L OB I F
BEELRRIC B B X CREENOBEREZLOBIT 21T - 7o,

2. A i+

2. 1 REROEERZE
2. 1. 1 BAEOBHIRIF—
EHEOFMEOER= A ¥ - 2FEUTERNFE T L L CEMBHRELEY BV, ERIE
R L 5 A-B-CELREEOHB=F L F -G IXRO L ik ¥ h 5,

G=°G, X4 +°Gs X5+ G X +RTX I n Xu+ X1 n X+ X1 n Xo) +EXG @)
ToT, EROTFEY I TERETE, °G R ARS D1 BB OHBE=F ¥ -, X134
RO DBEFLR, RIgHEEH, TREE K thH5H, 56 3ERBEENLOThERTAE
FER=x A F—Thbh, FABEIUTIHKRD LS LIS,

EG=QupXaXp+ QpcXpXe +Qac XaXc @
EH QAR BITAEEER A5 A — 8 —Th b, HEIMLALTPRL L5 TE
FoRBERI D EFEYO ks \ Tk, TOMBEMERAT 2 — 2 —REELEAROBEKE L, MEINT
VAR R Z R IEN T — 2 CE ST EORBOEIREI NS, TLT, ERT -2 D
EELWES, ERGVRELCSEERORER Y, T0 72— 2 —%F> THET L0
BEHREE (CALPHAD) 0FEETH B, LD, TOFEY EFMEEEL] HEZ &
HED BETbRL T AREROMHE TR, QRCKTHTHEER <5 2 -8 -z T&
BIZETLRICERBOMHEIER 5 A — & =BT HHP0 BE -, CO=THEEER 5 £ —
22—, BH=FIALF-DLVBECEH ELEMREICTEY, Lrl, WENERIZIEEL
WotF A= 2 = THLAHECIETHEIER T A~ F —(LEAEY, ZEHEER 5 2 —
£ —DIZEFAVTHERTT 5 Kohler D&Y ¥ HEH L1, HFEHGETTHBEER <5 £ —
£ — 13 Al-Si, Al-Ge ¥ X U8 Ge-Si RO L IR OF FREN TRl & I - (BP9 28 A L,
i ZHREBFAHEEER 5 A — 8 3N ROER X, OB E L THRD L5 1LEI R D,

Q;=A;+B;A—-2X)+C;A—-6X,+6 X;® 3
BFEOFE Ay, By, Cy 3 BcBECRN L LTEENRD, 22T, i, jAL Ge, Sin4
MO THRELYET, TR EAREOMES Table. 1 1WRkd, ()R 0 °G, DFFEA VT,
W AE R FEHE L | B DI L S D A SR O BB =3 v F —#% (Lattice stability parame-
ter) % Table. 2 iR,

Table. 1 Sub-reguler solution parameters (J/mol)'9~1®

liquid fce diamond

A —10695.4—1.823T —200—7.594T 89138-31.445T
Al-Si B —4274.5+3.044T 0 0

C 660.7~0.460T 0 0

A —11463.5—4.765T —4979.6 —0.208T 10758.4—12.599T
Al-Ge B —316.1—0.305T 426.5 —329.3

C —3218.3—1.441T 660.6 58.9
Ge-Si A 6.50 3.50
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Table. 2 Lattice stability parameters (J/mol)!V~1®

liquid fcc diamond
Al 0 —10792+11.56T 30.0T
Si 0 12.12T —50600-+30.0T
Ge 0 5021.0-+8.368T —36954.0+30.51T
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Fig. 1 Calculated isothermal sections of Al-Ge-Si ternary phase diagram. (a)1073K, (b)973K,

(¢)873K, (d)773K
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Fig. 4 Cooling and differentiation curves of an Al-24.0%Ge-16.5%Si ternary alloy.
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Photo. 1 Solidfield structure of an Al-24.09%Ge-16.5%Si ternary alloy.
(a)macrostructure, (b)micrograph of primary crystal
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Fig. 8 Relationship between temperature and fraction solid
Al-Ge-Si=TXR&& Dk EE of an Al-24.0%Ge-16.5%Si ternary alloy.
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