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Thermodynamic optimization and calculation of the phase diagrams of Au-Ag-Al system
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Abstract: When the calculation of phase diagram (CALPHAD) method is applied to the Au-Ag-Al ternary
phase diagram, the accuracy of three marginal binary phase diagrams (Au-Al, Au-Ag, Ag-Al) has a great
impact on the calculating results. At present, there are some contraditions in the Au-Al marginal binary
phase diagram. Therefore, based on a comprehensive evaluation of experimental data for the Au-Al system,
the equilibrium phase diagrams were optimised and calculated by using a solid solution model to describe
the Gibbs free energy of the liquid, Bcc and Fcc phases in the Au-Al system, and by using the sublattice
models (Al)(Au)s, (Al)s(Au)s, (Al)(Au), (Al)(Au) and (ALAu)(Al,Au) to describe the AlAus, AlzAus,
AlAuy, AlAu and Al,Au phases. A set of reasonably self-consistent thermodynamic parameters was obtained
via optimizing with Pandat software. Au-Al phase diagrams calculated in this way agreed well with the
experimental and thermodynamic data. Combined with thermodynamic parameters of Au-Ag and Ag-Al,
the Au-Ag-Al liquid-phase, surface projections and isothermal cross-sections were calculated. The liquid-
phase surface projections revealed the existence of eight four-phase equilibrium reactions in this ternary
system, and these results may be helpful in studying the Au-Ag-Al alloys.

Key words: Au-Ag-Al; CALPHAD; thermodynamic calculation; phase diagram

ks H#H: 2023-02-16

HETIH: K78 EREHTRI(202102AB080008-1)

FAEH WA, B, BLRFRA; BT e EMEL E-mail: 1475185398@qq.com
SEEEE: BRI, 5, W, B W SRRJEM R E-mail: kmzx12020@163.com



12 A

45 %

A AR TAMEPPERRS A S IEE . K
I3 Z BRI R R & S AR AT AR A AR AR AR
T8 ] R0 A A AR G, TR S5 S IR B R I B 7
Bl LT 2AE &R fkcdE, mTLliE &
BRI BE T I A FR ] £ T 2030, S0 I e AH K2
BIVFZ RRMsEm, Gl E AR AR . eI &
(RS ERN N iR 255, IRIURAE — e R i &4 1K
A E R KRN, MEDFRPRRE, T AR
(CALPHAD) L8 % J A9 HEOR ik i 240

Au-Ag-Al &4 BAHUEA . TUR KR R
BHAEVERE, iz B T f 7= il s e ek -0, A B
PAPHEE RN T Au-Ag-Al RESMEHE S0 K
HABEERNZE N, Fl Au-Ag ALy ¥t
DA EEG 225 Al HEbR 2 B) B S TH OSBRI 57 &
KEE, ZHRETHISFSLEIRZE, CALPHAD
TIAELEM B BE TR R Aok bk 5 220100, [R] gk
R TSEIL Au-Ag-Al REERIEAITR, Au-Ag-Al
FOMH B AL B A ) A B L B R .
CALPHAD 5 = JoAH B i H 2L 1) 2 AR IE =N id
br —JeH E(Au-Ag, Au-Al, Ag-AD)FIHERFPEN, Au-
Ag, Au-Al fil Ag-Al L& 2 KT 7 #1548,
H2HAT Au-Al BRI EVPANAEE S — 2 B R R
PEo Bilan: Ttagaki'™ P & ) ¥ A IR A 0 B0 5
Hayer B HHE AR HIWZE, il Lit4AT Liuls)
[FIS 5 Au-Al — 70 RIFEAT T #1500, AT Au-
Al FHEI A BRI 2R

T WER TR Au-Ag-Al RITRAHTE G
PR S5 T AT ], A SR FH B e XA A T VR A 2
W% Ik R Bee A1 Fee A A7 AT 1
A8, 20l K A SRR AL (A (Au)ss (ADs(Au)ss
(AD(Au). (AD(Au)FI(ALAU)(ALAWEIR AlAug.
ALAug. AlAua. AlAu fl AbAu M, A Au-Ag-Al %
I E R TR B HERR L bR — oS 8. A A
Pandat 145 & S50 4R AN #2500 FORIT AL
Au-Al FE, 4546 Au-Ag Il Ag-Al B 2250,
HHEAE Au-Ag-Al =JCHIK, FRBURA 5
VRN S50 AT P, ) PO AR~ s B, DLEEST. Au-
Ag-Al BATERIRE

1 EHAE

TS AHEI(CALPHAD)H Van Laar £ 1908 54
H, Gt 20Kk R IEE N — T TR R 30,
CALPHAD J7 i T #1223, iR &A1 &
PRZER RN, I PP TR — e IR R TR

2 UM RMA 2 I SEI0R B S BE B — MR L
BWAEIARK. Gt k), UERABRE 2
5, e —MEREMET A B, &R
Wt RN FHAEE . CALPHAD J5i%4E H
RIS B S T 2N, HAR
1 foss

> R, 0 A 0 B A R B |
)

EEAMEE AT
O s u
T e s
SR BRES TR
* MR
v HREASH

B
R
BB 5 54
A B 17
Hke

B

& 1 CALPHAD HHFEEE
Fig.1 CALPHAD calculating flow chart

2 SRR

2.1 A TR BT
ST AERE LI TT, H Gibbs H HIAEY 5 E Al
JE A%, 4iZHI5H) Gibbs [ R FH SGTE %4k
JE R R IA 718,
G =E +FT +IInT + JT? +
KT™'+ MT3 +NT7 +0T~° (1)
o, GO FoRalidl yote — R % T Gibbs H
HAE S5 FrAEZS Gibbs HHHBERI ZEME, i fFR4m, T
RNIFRIRSE, E. Fu I, J. K« M. N. O N&FE
TESH. A4 TR Gibbs HHEESEH K E T
Dinsdale!"! k% i) SGTE #EZE, A< /A Pandat
AP P B SGTE $iis 2 7 ) Gibbs H HHAES S
2.2 WIERAARARE
Au-Ag-Al = J06 4 T 7 [ AR AR AE —
FECASE PR P I FRVA A B R R fliR Gibbs H A, JLH
HRERIA N
G (T, x) = x,°GY + x; OG;p +x,°GY +
RT (x;Inx; + x;lnx; + xInx;, ) + EGY (2)
AP, xidE o PHIT i, ], k=Au, Ag, ADIFIEE/R
MG R AASIEHEG OGP R i 78 o T AT
WrE HAEs EGoIE o MHHIEE /RIS E hEE. G
{8 Fi§ Redlich-Kister £ 15 f& 7T 9




32 I )11 Au-Ag-Al FHIE IR FHRALRI T 13
EGo = xl-ijfj + xikafk + xj-ka;‘.'?k 3) 1100
Ker, 1O R o M T3 R 2 6 A T A " o
FIZE, SRERRSEX. RRERHA:
¢L = A+ BT (4) £ 1000- o
R, Ay B RAHERE TR L ETI SR
2.3 XUIE 5 AR R el
SUTE A 7 U858 35 57 ) - 1) 8 =8 o o
LRV (S W ERAR T BT I TR ”E 0w @ W
; (A% u

b FE X G55 O ANV st B I AR AT RUEORR AR A
() En AR EE R, B —Fh A o N — AL s
AR T — N s e . DARUE fi B AL (A,
B)w(C, D)n 2841, HARIEAN:
Gm = Yi¥¢°Gac + YaV5°Gap + ¥592°Ga.c
+Y5Y5 Gp.p + MRT(yzIny; + ygInys)
+nRT (yéIny¢ + yjinyp) + <G (5)
RF G RN EMA,,C W AT ET H HHRES
Hep A A1 C ot b4 7L BT AN
HEERALE; vl y2RARAIG i (i=A, B, C, D){EIL
MFE 1A 2 BRSO H XGRS T E
Hfe, HREAN:
*G = yAypYéLap.c + YiVsYbLagp
+Y&ybyilep.a + ¥éyiyslepa  (6)
X EBEAF G TR EAERRE Lyp.c
TR — S B R 5 7 b — AN s B 5 1
A HAEH 24

3 ZIURIBIIFERAEREAL

3.1 Au-Ag —TTHKR

Au-Ag T B B R AT 0o 37 T 4 ] R
AH(Fee) 4l 201, Wanger2 BT #4 /122 %F Au-Ag —
TR RHEAT TRIFFS, T T SBR[ AR o A
(AR, Whitel213@ ik S 90 52 1 0 FH 22 R ] FH 2%
Marl23 1 5 DX S R M A5 5 A AR AR 2 T A
2924 2 CHINAIBE, X SIS H PPl a5 R —8. @it
PEE , Kawakami?*ll & 1473 K PIRG4S,
Oriani S5 & T 1396 K FITRAHIE A 45 5 Ttagaki 55
BSIHT Topor 55 AP7HUI & T 1373 K 1 1379K K
FHVRE K, Fitzner 528 1375 K HIMAHIE & 44
Oriani (29153 513 & 1344 K F1 1358 K WA A 29>
¥ & - Hassam 25005 i i FL5 B A 2445 B
CALPHAD 755 Au-Ag — etk Ri#tAT T AL, 11
o MBS S5+ YE, Au-Ag —ooHH I E
2 FiRe

Bl 2 Hassam {15 ] Au-Ag —JoAH B0
Fig.2 Au-Ag binary phase diagram calculated by Hassam

3.2 Au-Al ZOE R

Au-Al B ERSEBRR 572, Bk Au-Al
TR R Kk Rz —B, 1888 4F Roberts-
AustenBP e X Au-Al RIFEAT T EIPERIEE AT .
Murray 2533[RIE 7 2 57 Au-Al —JotAEISR G %)
AR RIEAT T ATV, AR SCER[33] 0T A iz Ak
A& 11 M, 43552 : Liquid, B, Fee, AbAu,
AlAu, ¢(AlAw) (p=o, B> 7), ALAus BY Al;Aus,
AlAug. 1B, TEIZE R 72%Au(at.) ML 3+ A REH
TEA B i E R AbAus B2 AlsAus. 1989
4F Buchler 25349 5E T AlbAus /& %L A WIRIL 2
&3 Li U4 Liv S0 EHPL T Au-Al —t
FHEL, Liu B AbAu MV RGN A, 2
% T a(AlAw), B(AlAW), Y(AlAu2)iX =AM B
G ZER, FIX=EEER AlAu A . {H2 Li ¥
AbAu FENEA —E FE R E S, KERE
RUER Li X AbAu FEHS S0 HdE v &1,
FIR Li EBHE A FEMNEE T w(AlAw),
B(AlAu2), Y(AlAu2)IX =ANAH, SRTMAER % AT B2
FEl PN B A AN ARBR T, T ELIX AN AR I BE L AF
XAERI T L RAK AT REIRS,

25 LRI, ASCEFTVHE T Au-Al ZIGR. Au-
Al ZIJL R SHOLER 1. HHEAARI Au-Al
TIUEEHEWE 3 Fian. MK 4 5 SCERRS 29001 L
AIAL, ASOR Al Au 2 RS HA — & [V FE I [l
S SLIBAHTTE S ¥ AlAu, ALAus, AlsAug 1 AlAus
FIEREMENEY . BRI F LfE, ¥
a(AlAw), B(AlAW), Y(AlAu)IAR L AlAuw M. &
5 ESISHAE AN Liu S0 SRR B 5 A SO B
RIAHEEAT TX LG, PTRAE MY Liu R E
FAEE, A3 1 AH B S S0 A0 SV G
3.3 Ag-Al ZTGHE &

KT Ag-Al —Juhk RIS F VA VR 2 S0k



14

St
>
k|

45 %

F 1 Au-Al Z RN I1FESE

Tab.1 Thermodynamic parameters for the Au-Al binary system
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Tab.2 Invariant reaction of Au-Ag-Al liquid phase surface

No. AN R EEPC Au/% Ag/% A%
A Liquid—Liquid+Fcc+ALAu 798.44 46.85 5.41 47.74
B Liquid+Al2Au—Fcct+AlAu 617.59 5426 2.04 43.7
C Liquid—FcctAlAutAlAu: 568.53 58.71 1.65 39.64
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equilibria and thermodynamic modeling in multicomponent
5 %i’% Al alloys: Focusing on the Al-Cu-Fe-Mg-Mn-Ni-Si-Zn
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