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Introduction

The first evaluation within the ongoing MSIT Evaluation Programs was made by [1988Kub], which is
updated by the present work. The ternary Ag-Cu-Ti system has been investigated by [1969Erel, 1969Ere2,
1970Erel, 1970Ere2] using thermal and metallographic analyses supported by microhardness and X-ray
measurements. This is the only systematic experimental study of equilibria in this system up to now. The
system was later reassessed by [1977Cha] and reviewed in [1979Dri].

The system is characterized by the existence of a wide miscibility gap in the liquid state, formation of which
is in agreement with criteria expressed in [1991But] and thermodynamic calculations of [1995Paul,
1995Pau2, 1994Gub]. Thermodynamics of Ti oxidation was studied in Ag-Cu-Ti melts. Influence of Ti
addition on segregation in Ag rich alloys [1981Duk, 1981Pav] and ageing of Cu rich alloys [1980Bzo] were
studied in the ternary Ag-Cu-Ti system. Phase equilibria in the solid state are characterized by the formation
of a continuous solid solution Ti,(Ag,Cu).

The equilibria in the ternary Ag-Cu-Ti system with participation of Ti,Cusz and TiCu, phases are doubtful
due to the discrepancies with regard to the formation and transformation of these phases in the binary Cu-Ti
system [2002Ans].

Binary Systems

All three binary systems have been reevaluated recently [2002Rom, 2002Ans, 2002Li] and are accepted
here. Respective changes were applied to the here evaluated ternary Ag-Cu-Ti system to fit the phase
diagrams of boundary binary systems. Only in the Cu-Ti system uncertainty in the concentration range
55-70 at.% Cu exists. The phase diagram of the binary Cu-Ti system was studied originally by
Eremenko et al. and refined during the investigation of ternary Ag-Cu-Ti system [1970Ere2]. According to
the accepted phase diagram by Eremenko et al. and [2002Ans] the Ti,Cu phase is a congruently melting
compound contrary to the peritectic formation assessed in [Mas2]. Such formation of Ti,Cu leads to the
existence of a eutectic in the Ti rich region of the Cu-Ti system. Main discrepancies in the Cu-Ti system
refer to the Ti,Cuy phase which according to the accepted phase diagram forms through a peritectoid
reaction Ti;Cuy + TiCu, = TiyCus at 8§75°C and is stable at room temperature, opposite to a peritectic
formation Ti3Cuy + L = Ti,Cuy at 890°C and doubtful eutectoid decomposition at 800°C determined by
[1970Ere2]. Such formation of the Ti,Cus phase affects equilibria of the high-temperature TiCu, compound
which according to the accepted phase diagram forms at higher temperature through a peritectic reaction
Ti5Cuy + L = TiCu, at 890°C.

Solid Phases

No ternary compounds form in the Ag-Cu-Ti system. A regular solid solution exists between isotypic Ti,Ag
and Ti,Cu [1969Erel, 1970Erel, 1970Ere2]. The dependence of cell parameters in this solid solution obeys
Vegad’s law [1970Erel], see Table 1. Crystallographic data of the phases of the Ag-Ti and Cu-Ti systems
are listed in Table 1 (the notation of phases adopted originally by Eremenko ez al. added).

Invariant Equilibria

Invariant equilibria reported by [1970Erel, 1970Ere2] were modified to fit the accepted phase
transformations in the binary systems and are presented in Table 2 and Figs. 1a and 1b. Parts of the reaction
scheme (Figs. 1a, 1b) have not been experimentally observed and therefore the scheme should be considered
as tentative.
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The composition of liquid was determined for four invariant transformations (Table 2) and critical points of
liquid immiscibility in the ternary system K (64Ag-2Cu-34Ti (at.%)) and K, (30Ag-61Cu-9Ti (at.%)). Due
to a wide immiscibility region in the ternary system most transformations are located close to the boundary
of the binary Cu-Ti system in a narrow 5 at.% Ag region (Figs. 2a and 2b) and should be considered
approximate. The decomposition of Ti,Cus phase in ternary system assumed by Eremenko et al. to be of
the eutectoid type and to take place at 803°C was omitted. The invariant transformation
Ug (Ti3Cuy + TiCuy = L + TiyCus) was added to the reaction scheme proposed by [1970Ere2] at
875-851°C (Figs. 1a, 1b, 2a, 2b) in order to be consistent with the accepted binary Cu-Ti system.

Liquidus Surface

The liquidus surface based on thermal, metallographic and X-ray analyses undertaken by [1970Erel] is
presented in Figs. 2a and 2b. It was adjusted to be consistent with the binaries. The liquid immiscibility was
determined to exist at temperatures above 850°C in the ranges of compositions 5-94.5 at.% Ag, 2-68 at.%
Cu and 1.5-65 at.% Ti [1969Ere2]. In the region of existence of the congruent melting compound TiCu, the
liquidus surface is raised with the estimated temperature of the maximum critical points L’, L"" to be 970°C.

Isothermal Sections

Five isothermal sections at 1300, 1005, 960, 900 and 700°C are studied in the ternary Ag-Cu-Ti system
[1969Erel, 1970Ere2] using X-ray and metallographic analysis. The isothermal section at 1300°C is
characterized by a liquid miscibility gap (Fig. 3). The isothermal section at 700°C (Fig. 4) presents the
ternary Ag-Cu-Ti system in the solid state. All solid phases except (a¢T1) are in equilibrium with (Ag) at this
temperature. Isotypic Ti,Cu and Ti,Ag form a series of solid solutions, but the cross section at 66.7 at.% Ti
is not quasibinary due to equilibrium of TiAg and (BTi) at temperatures above 940°C. Crystallographic data
of phases in equilibria at 700°C were determined [1970Ere1]. The solubility of a third component in binary
phases was determined approximately to be 5 at.% Ag in TiCu, 2 at.% Cu in TiAg, and less than 2 at.% in
others [1969Erel]. The equilibrium of Ti,Cu; phase and (Ag) omitted by [1969Erel] added in the
assessment of [ 1977Cha] is accepted here as the only probable. The phase boundaries, homogeneity ranges,
etc. in the isothermal sections of Ag-Cu-Ti system presented in Figs. 3 and 4 were corrected to fit the
accepted binary systems.

Temperature — Composition Sections

Three polythermal sections of ternary Ag-Cu-Ti system at 5 at.% Ag, 60 at.% Ag and TiAg-Cu, based on
thermal analysis, have been presented by [1970Ere2]. Due to serious discrepancies with the accepted binary
systems they are not presented here.

Thermodynamics

[1990Pak] determined the activity of Ti in Ag-Cu-Ti melts at 1000°C by measuring the oxygen potential,
Po», in equilibrium with Ti in the melts and titanium oxide. This titanium oxide phase was determined by
X-ray diffraction and was identified as T1,0. In order to determine the activity the free energy of formation
of this phase had to be estimated, which results in an uncertainty of the activities of a factor 1.8. The results
(Table 3) indicate a positive deviation from the ideal solution behavior. Table 4 shows the effect of Ag
content on Ti activity in Ag-Cu melts at 1000°C.

The activities of Ti in Ag-28Cu melts at 1000°C also have been measured by an oxygen sensor [2002Ron]
and are shown in Table 5. Contrary to the result of [1990Pak], a negative deviation from the ideal solution
behavior was found. The difference might be due to the assumption of [1990Pak] that the reaction layer is
Ti,0, while [2002Ron] defines the equilibrium titanium oxide phase as TiO, which is according to the phase
diagram. [2002Ron] also measured the effect of silver (Table 6) and copper (Table 7) content on the activity.
Ag increases the Ti activity coefficient significantly.

[1994Gub] calculated two isothermal sections at 1300°C and 800°C. The calculation at 1300°C shows a
three phase equilibrium between (BTi) and two liquids which is not found in the experimental diagram. The
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calculation at 800°C is incomplete and lacks several equilibria. [1995Paul] calculated two isothermal
sections at 950 and 1000°C based on the measurements of [1970Ere2] and own optical and
SEM/EDX/EPMA observation of diffusion couples of Ti and Ag-Cu (AgCu25%, AgCu40%, AgCu50%
and AgCu75% - compositions given in at.%). The calculation is more complete than the one from
[1994Gub], but some three-phase equilibria are wrong or lacking at both temperatures. This could be caused
by the use of wrong or inaccurate temperatures for the binary reactions. In all calculations, the miscibility
gap is smaller than the experimental one, which is probably due to the use of a regular solution model.

Notes on Materials Properties and Applications

Ag-Cu-Ti alloys are used as an interactive brazing material for joining ceramics [1990Pak, 1995Pau2,
1994Gub, 1998Nak].

Miscellaneous

[1981Duk] found that the addition of Ti to Ag-Cu alloys resulted in a non-equilibrium ternary eutectic and
the formation of the intermetallic compound TiCuy. [1981Pav] investigated the mechanisms of precipitation
in Ag-Cu alloys with small additions of titanium.

A vast amount of research was done on the use of AgCuTi as a brazing material. Several authors, [1992Kur],
[1993Sue], [1993Kat], [1995Hon] [1997Hao], [1998Pau], [2001Jan], [2003Shi], [2003Bai], [2004Shi]
investigated the reaction mechanism and the interfacial morphology. Others did research on the wetting and
spreading behavior [1999Lop], [1999Ich], [2001Jan], [2001Sci], [2001Abe], [2001Pal], [2002Iwa],
[2003Nov], [2004Muo], and the oxidation behavior [1999Lee].

References

[1969Erel ] Eremenko, V.N., Buyanov, Yu.l., Panchenko, N.M., “Phase Equilibria in the Ti-Cu-Ag
System at 700°C” (in Russian), Izv. Akad. Nauk SSSR, Met., 3, 188-192 (1969) (Phase
Diagram, Experimental, #, 13)

[1969Ere2] Eremenko, V.N., Buyanov, V.I., Panckenko, V.N., “Phase Separation in the Molten State in
the Ti-Cu-Ag System” (in Russian), Izv. Akad. Nauk SSSR, Met., 5, 200-202 (1969) (Phase
Diagram, Experimental, #, 6)

[1970Erel]  Eremenko, V.N., Buyanov, Yu.l., Panchenko, N.M., “The Liquidus Surface of the System
Ti-Cu-Ag” (in Russian), Poroshk. Metall., 4, 44-48 (1970) (Phase Diagram, Crys. Structure,
Experimental, #, 3)

[1970Ere2] Eremenko, V.N., Buyanov, Yu.l., Panchenko, N.M., “Polythermal and Isothermal Cross
Sections of the Titanium-Copper-Silver System” (in Russian), Poroshk. Metall., S, 73-78
(1970), translated in Sov. Powder Metall. Met. Ceram., 10,410-414 (1970) (Phase Diagram,
Experimental, #, 6)

[1977Cha] Chang, Y.A., Goldberg, D., Neumann, J.P., “Phase Diagrams and Thermodynamic
Properties of Ternary Copper-Silver Systems”, J. Phys. Chem. Ref. Data, 6(3), 621-673
(1977) (Phase. Diagram, Review, #, 96)

[1979Dri] Drits, M.E., Bochvar, N.R., Guzei, L.S., Lysova, E.V., Padezhnova, E.M., Rokhlin, L.L.,
Turkina, N.I., “Copper-Silver-Titanium” (in Russian), in “Binary and Multicomponent
Copper-Base Systems”, Nauka, Moscow, 203-205 (1979) (Phase Diagram, Review, 5)

[1980Bzo] Bzowski, S., “Structure Changes in the CuAg,Tiz Alloy during Aging” (in Polish), Arch.
Hutn., 25(4), 559-606 (1980) (Experimental, 20)

[1981Duk] Dukiet-Zawadska, B., Pawlowski, A., Ciach, R., Tasior-Grabianowska, K., Wolczynski,
W., “Dendritic Segregation of Ag-Cu Alloys with the Addition of Ti, Al, Mg and Ni” (in
Polish), Arch. Hutn., 26(3), 429-448 (1981) (Experimental, 20)

[1981Pav] Pavlovski, A., “Quantitative Analysis of the Dendritic Segregation in Ternary Alloys on the
Basis of the Silver-Copper System” (in Russian), Fiz. Met. Metalloved., 52(4), 760-766
(1981) (Experimental, 8)

Landolt-Bornstein ®
New Series IV/11C3 MSIT



66

Ag—Cu-Ti

[1988Kub]

[1990Pak]
[1991But]

[1992Kur]

[1993Kat]

[1993Sue]

[1994Gub]

[1995Hon]

[1995Paul]

[1995Pau2]

[1997Hao]

[1998Nak]

[1998Pau]

[19991ch]

[1999Lee]

[1999Lop]

[2001Abe]

MSIT®

Kubaschewki, O., “Silver - Copper - Titanium”, MSIT Ternary Evaluation Program, in
MSIT Workplace, Effenberg, G. (Ed.), MSI, Materials Science International Services
GmbH, Stuttgart; Document ID: 10.19244.1.20, (1988) (Crys. Structure, Phase Diagram,
Assessment, 11)

Pak, J.J., Santella, M.L., Fruehan, R.J., “Thermodynamics of Ti in Ag-Cu Alloys”, Metall.
Trans. B, 21B(2), 349-355 (1990) (Thermodyn., Experimental, 16)

Butt, M.T.Z., Bodsworth, C., “Liquid Immiscibility in Ternary Metallic Systems”, Mater.
Sci. Tech., 7(9), 795-802 (1991) (Phase Relations, Review, 39)

Kurihara, Y., Takahashi, Sh., Ogihara, S., Kurosu, T., “Bonding Mechanism Between
Aluminum Nitride Substrate and Ag-Cu-Ti Solder”, IEEE Trans., Comp. Hyb. Man.
Technol., 15(3), 361-368 (1992) (Experimental, Interface Phenomena, Morphology, 22)
Kato, S., Yano, T., Iseki, T., “Interfacial Structures Between Ag-Cu-Ti Alloy and Sintered
SiC with Various Additives”, J. Ceram. Soc. Jpn., 101(3), 325-330 (1993) (Experimental,
Interface Phenomena, Morphology, 24)

Suenaga, S., Koyama, M., Arai, Sh., Nakahashi, M., “Solid-State Reactions of the Ag-Cu-Ti
Thin Film-Al,O5 Substrate System”, J. Mater. Res., 8(8), 1805-1811 (1993) (Crys.
Structure, Experimental, 13)

Gubbels, G.H.M., Heikinheimo, L.S.K., Klomp, J.T., “A Comparison Between
Titanium-Aluminium Diffusion Bonding and Titanium Active Brazing”, Z. Metallkd.,
85(12), 828-832 (1994) (Thermodyn., Phase Relations, Experimental, 13)

Hongqi, H., Yonglan, W., Zhihao, J., Xiaotian, W., “Interfacial Reaction of Alumina with
Ag-Cu-Ti Alloy”, J. Mater. Sci., 30, 1233-1239 (1995) (Experimental, Interface
Phenomena, Morphology, Thermodyn., 15)

Paulatso, M., van Loo, F.J.J., Kivilahti, J.K., “Thermodynamic and Experimental Study of
Ti-Ag-Cu Alloys”, J. Alloys Compd., 220, 136-141 (1995) (Thermodyn., Phase Relations,
Experimental, 15)

Paulasto, M., Kivilahti, J.K., “Formation of Interfacial Microstructure in Brazing of Si;Ny
wiht Ti-activated Ag-Cu Filler Alloys”, Scr. Metall. Mater., 32(8), 1209-1214 (1995)
(Thermodyn., Phase Relations, Experimental, 15)

Hao, H., Wang, Y., Jin, Zh., Wang, X., “Interfacial Morphologies Between Alumina and
Silver-Copper-Titanium Alloy”, J. Mater. Sci., 32, 5011-5015 (1997) (Experimental,
Morphology, 12)

Nakamura, M., Mabuchi, M., Saito, N., Yamada, Y., Nakanishi, M., Shimojima, K.,
Shigematsu, 1., “Joining of a Si-Ti-C-O Fiber-Bonded Ceramic and an Fe-Cr-Ni Stainless
Steel with a Ag-Cu-Ti Brazing Alloy”, J. Ceram. Soc. Jpn., 106(9), 927-930 (1998)
(Experimental, Mechan. Prop., Morphology, 8)

Paulasto, M., Kivilahti, J., “Metallurgical Reactions Controlling the brazing of Al,O3 with
Ag-Cu-Ti Filler Alloys”, J. Mater. Res., 13(2), 343-352 (1998) (Calculation, Morphology,
Phase Diagram, Thermodyn., 29)

Ichimori, T., Iwamoto, Ch., Tanaka, S., “Nanoscopic Analysis of a Ag-Cu-Ti/Sapphire
Brazed Interface”, Mater. Sci. Forum, 294-296, 337-340 (1999) (Experimental,
Morphology, 9)

Lee, D.B., Woo, J.H., Park, S.W., “Oxidation Behavior of Ag-Cu-Ti Brazing Alloys”,
Mater. Sci. Eng. A, 268, 202-207 (1999) (Crys. Structure, Experimental, Thermodyn., 25)
Lopez-Cuevas, J., Jones, H., Atkinson, H.V., “The Effect of Surface Preoxidation of
Sintered Silicon Carbide on its Wettability by Silver-Copper Based Brazing Alloys in
Vacuo”, Mater. Sci. Eng. A, 266, 161-166 (1999) (Experimental, Interface Phenomena, 17)
Abed, A., Jalham, 1.S., Hendry, A., “Wetting and Reaction Between [3"-Sialon, Stainless
Steel and Cu-Ag Brazing Alloys Containing Ti”, J. Eur. Ceram. Soc., 21, 283-290 (2001)
(Experimental, Interface Phenomena, Morphology, 12)

Landolt-Bornstein
New Series IV/11C3



Ag-Cu-Ti 67

[2001Jan]

[2001Pal]

[2001Sci]

[2002Ans]

[2002Iwa]

[2002Li]

[2002Rom]

[2002Ron]

[2003Bai]

[2003Nov]

[2003Shi]

[2004Muo]

[2004Shi]

Landolt-Bornstein
New Series IV/11C3

Janickovic, D., Sebo, P., Duhaj, P., Svec, P., “The Rapidly Quenched Ag-Cu-Ti Ribbons for
Active Joining of Ceramics”, Mater. Sci. Eng. 4, 304-306, 569-573 (2001) (Experimental,
Morphology, 9)

Palavra, A., Fernandes, A.J.S., Serra, C., Costa, F.M., Rocha, L.A., Silva, R.F., “Wettability
Studies of Reactive Brazing Alloys on CVD Diamond Plates”, Diam. Relat. Mater., 10,
775-780 (2001) (Experimental, Morphology, 18)

Sciti, D., Bellosi, A., Esposito, L., “Bonding of Zirconia to Super Alloy with the Active
Brazing Technique”, J. Eur. Ceram. Soc., 21, 45-52 (2001) (Experimental, Interface
Phenomena, Morphology, 29)

Ansara, 1., Ivanchenko, V., “Cu-Ti (Copper-Titanium)”, MSIT Binary Evaluation Program,
in MSIT Workplace, Effenberg, G. (Ed.), Materials Science International Services GmbH,
Stuttgart; Document ID: 20.11457.1.20, (2002) (Phase Diagram, Crys. Structure,
Thermodyn., Assessment, 26)

Iwamoto, Ch., Tanaka, Sh.-I., “Atomic Morphology and Chemical Reaction of the Reactive
Wetting Front”, Acta Mater., 50, 749-755 (2002) (Experimental, Morphology, 21)

Li, C., Lebrun, N., Dobatkina, T., Kusnetsov, V., “Ag - Ti (Silver - Titanium)”, MSIT
Binary Evaluation Program,in MSIT Workplace, Effenberg, G. (Ed.), Materials Science
International Services GmbH, Stuttgart; Document ID: 20.26006.1.20, (2002) (Phase
Diagram, Crys. Structure, Assessment, 5)

Van Rompaey, T., Rogl, P., “Ag-Cu (Silver - Copper)”, MSIT Binary Evaluation Program,
in MSIT Workplace, Effenberg, G. (Ed.), MSI, Materials Science International Services
GmbH, Stuttgart, Document ID: 20.14511.1.20, (2002) (Phase Diagram, Crys. Structure,
Assessment, 28)

Rongti, L., Wei, P., Jian, C., Jie, L., “Thermodynamic Properties of Tiin Ag-Cu-Ti Alloys”,
Mater. Sci. Eng. A, 335, 21-25 (2002) (Experimental, Thermodyn., 11)

Bai, S.Q., Chen, L.D., Yamamura, A., “Bonding of Copper to Aluminum Nitride Substrate
Using Active Alloy Interlayer”, Mater. Sci. Forum, 423-425, 301-304 (2003)
(Experimental, Morphology, 9)

Novakovic, R., Ricci, E., Muolo, M.L., Giuranno, D., Passerone, A., “On the Application
of Modelling to Study the Surface and Interfacial Phenomena in Liquid Alloy-Ceramic
Substrate Systems”, Intermetallics, 11, 1301-1311 (2003) (Experimental, Interface
Phenomena, Phase Relations, Theory, Thermodyn., 73)

Shiue, R.K., Wu, S.K., Chen, S.Y., “Infrared Brazing of TiAl Intermetallic Using BAg-8
Braze Alloy”, Acta Mater., 51(7), 1991-2004 (2003) (Crys. Structure, Experimental,
Mechan. Prop., Morphology, Phase Diagram, 30)

Muolo, M.L., Ferrera, E., Morbelli, L., Passerone, A., “Wetting, Spreading and Joining in
the Alumina-Zirconi-Inconel 738 System”, Scr. Mater., 50, 325-330 (2004) (Experimental,
Kinetics, Morphology, 31)

Shiue, R.K., Wu, S.K., Chan, C.H., “The Interfacial Reactions of Infrared Brazing Cu and
Ti with two Silver-Based Braze Alloys”, J. Alloys Compd., 372(1-2), 148-157 (2004)
(Experimental, Morphology, Phase Relations, 16)

MSIT®



68 Ag-Cu-Ti

Table 1: Crystallographic Data of Solid Phases

Phase/ Pearson Symbol/  Lattice Parameters Comments/References
Temperature Range Space Group/ [pm]
[°C] Prototype
(Ag) cF4 a=408.57 pure Ag at 25°C [Mas2]
<961.93 Fm3m dissolves 5 at.% Ti at 959°C
Cu dissolves 14 at.% Cu at 780°C
(Cu) cF4 a=361.46 pure Cu at 25°C [Mas2]
<1084.87 Fm3m dissolves 8 at.% Ti at 885°C
Cu dissolves 0.8 at.% Ti at 450°C
dissolves 5 at.% Ag at 780°C
(BTi) c2. a=330.65 pure Ti(h) at 25°C [Mas2]
1670 - 790 Im3m dissolves 13.5 at.% Cu at 1005°C
W dissolves 15.5 at.% Ag at 1020°C
(aTi) hP2 a=295.06 pure Ti(r) at 25°C [Mas2]
<882 P63/mmc c=468.35 dissolves 1.6 at.% Cu at 790°C
Mg dissolves 4.7 at.% Ag at 855°C
n, TiAg tP4 a=2903 48 to 50 at.% Ag [Mas2, V-C2]
<1020 P4/nmm c=574
yTiCu
0, TiCu tP4 a=310.8t0311.8 48to 52 at.% Cu [Mas2, V-C2]
<982 P4/nmm ¢ =588.710592.1
yTiCu
g, TizCuy 4 a=313.0 [Mas2, V-C2]
<925 14/mmm c=1994
Ti3Cll4
0, Ti,Cuy tP10 a=313 [Mas2, V-C2]
<875 P4/nmm c=1395
Ti2Cu3
A, TiCu, 0C12 a=436.3 [Mas2, V-C2]
890 - 870 Amm?2 b=1797.7
VAu, c=44728
BTiCuy oP20 a=452.5 ~78 to ~80.9 at.% Cu [Mas2, V-C2]
885 - ~400 Pnma b=434.1
ZrAuy c=12953
aTiCuy to ~78 to ~80.9 at.% Cu [Mas2]
5 500 14/m
MONi4
Ti,Ag_Cu, 116 a=12955t02943 x=0to1[1970Ere2]
14/mmm c=1185t0 1077 linear dependence
MOSiZ
Ti)Ag a=2952 [Mas2, V-C2]
<940 c=1185
Ti,Cu a=2953 [Mas2, V-C2]
<1012 c=1073.4

® Landolt-Bornstein
MSIT New Series IV/11C3



Ag—Cu-Ti

69

Table 2: Invariant Equilibria

Reaction T[°C] Type Phase Composition (at.%)*
Ag Cu Ti
L, + (BTi) = L, + Tiy(Ag,Cu) 982 U, L, 13 30 57
L, 88 10 2
L + (BTi) = Tiy(Ag,Cu) + TiAg 960 U, - - - -
L; =L, + Tip(Ag,Cu) + TiCu 954 E, L, 10 38 52
Ly 84 14 2
L + TiAg = Tiy(Ag,Cu) + (Ag) 929 Us - - - -
L + Tiy(Ag,Cu) = TiCu + (Ag) 908 Uy - - - -
L5+ TiCu= Lg + TizCuy 900 Us Ls 6 61 33
Lg 66 32 2
Ti5Cuy + TiCuy = L + Ti,Cuy 875-851 Ug - - - -
L + TiCu = TizCuy + (Ag) 860 U, - - - -
TiCuy = L + TiyCuz + TiCuy 851 E, L 5 72 23
L + Ti5Cuy = Ti,Cus + (Ag) 843 Ug - - - -
L + Ti,Cuz = TiCuy + (Ag) 808 Uy - - - -
L + TiCuy = (Cu) + (Ag) 783 Uy - - - -

* - the composition of L estimated from a figure of the liquidus surface [1970Ere1], agrees with those given in

mass% in [1977Cha]

Table 3: Activity of Diluted Ti in Eutectic 72Ag-28Cu (mass%) Melts at 1000°C [1990Pak]

x; (final mol fraction Ti in the melt) ar;- 10 logyT;
0.03087 1.13 0.563
0.03087 1.30 0.624
0.0190 0.753 0.598
0.00863 0.403 0.669
0.00432 0.264 0.786
0.0105 0.468 0.649
0.00414 0.213 0.712
0.0198 0.827 0.621
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Table 4: Activity of Diluted Ti in Eutectic 72Ag-28Cu (mass%) Melts at 1000°C [1990Pak]

Alloys (composition in mass%) ari 10 logy i
(final mol fraction Ti in the melt)

Ag-1Ti 0.0016 1.27 1.90

Ag-10Cu-1Ti 0.0067 1.34 1.30

Ag-28Cu-1Ti 0.0105 0.468 0.649

Table 5: Activity of Diluted Ti in Eutectic Ag-Cu (mass%) Melts at 1000°C [2002Ron]

Ti (mass%) Cu (mass%) xti (final fraction Tiin the ary Iny;

melt) - 1073

0.4 28.74 0.577 4.00-107 -2.67

0.6 28.4 1.374 4.82-107° -2.02

0.8 29.15 2.728 5091074 -1.68

1.0 29.95 4.64 1.01-1073 -1.53

1.5 28.54 9.002 3471073 —0.95

Table 6: Effect of Silver Content on the Activity Coefficient of Ti in Eutectic Ag-Cu Melts Containing
1 mass% Titanium at 1000°C [2002Ron]

ar; - 1074

XTi XAg YTi
0.00142 0.0094 1.51 0.1065
0.00139 0.0198 3.50 0.2516
0.00135 0.0385 6.14 0.4550
0.001295 0.0405 13.1 1.018

Table 7: Effect of Copper Content on the Activity Coefficient of Ti in Eutectic Ag-Cu Melts Containing
1 mass% Titanium at 1000°C [2002Ron]

ag; - 107

XTi XCu YTi

0.00126 0.00474 2.692 0.2136
0.00122 0.0219 0.952 0.0781
0.00117 0.0326 0.658 0.0563
0.00115 0.0355 0.379 0.0330
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Fig. 1a: Ag-Cu-Ti. Reaction scheme
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Fig. 1b: Ag-Cu-Ti. Reaction scheme (continued)
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