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The ternary system Ag-Ni-Sn is one of the constituents of the quaternary
system Ag-Cu-Ni-Sn, which is of interest for the investigation of the interac-
tions of Ag-Cu-Sn solder alloys with Ni as a substrate. Until now, only limited
research has been done on the Ag-Ni-Sn system, especially in the (Ag,Ni)-rich
part, most probably due to experimental difficulties caused by the monotectic
reaction in the Ag-Ni binary system, which extends far into the ternary. In the
present work a comprehensive study of the phase equilibria in four isothermal
sections of the Ag-Ni-Sn system at 200, 450, 700, and 1050�C was carried out
employing X-ray diffraction (XRD), metallography, and electron probe micro-
analysis (EPMA). No evidence for the existence of a ternary phase was
obtained, and, in most cases, ternary solubilities of the binary phases were
found to be insignificant. The liquid miscibility gap at high temperatures
caused a number of serious experimental problems during sample preparation.

Key words: Lead-free soldering, phase diagram, Ag-Ni-Sn, phase equilibria,
isothermal section

INTRODUCTION

Within the efforts to replace the conventional Sn-
Pb solders by more environmentally friendly alloys,
knowledge of the quaternary Ag-Cu-Ni-Sn system is
necessary to understand interlayer formation be-
tween Ag-Cu-Sn solders (the current industry
favorite) and Ni as a substrate material. Further-
more, Ag-Ni-Sn alloys themselves are becoming
increasingly popular as solder materials. The char-
acteristics of such an alloy system are clearly sum-
marized by the phase diagram. Higher order
systems, however, rely on investigations of their
constituent systems. While in the case of Ag-Cu-Ni-
Sn, information is available for most of its binary
and ternary constituents, only little information is
available for the Ag-Ni-Sn system. The goal of the
work presented here was a comprehensive study of
this system, and, as a first part, details of four iso-
thermal sections are reported in this publication
(isopleths, liquidus surface and reaction scheme will
be the subject of a separate publication1). Although

isothermal sections at higher temperature are of no
immediate relevance to lead-free soldering, they
still have to be well established if we want to be
able to extrapolate to lower temperature, where
experimental work is complicated by the slow
diffusion rate usually encountered in the solid
state. In addition, they are of importance for any
attempts to optimize the alloy system by means
of the calculation of phase diagrams (CALPHAD)
method.

LITERATURE REVIEW

The Systems Ag-Ni and Ag-Sn

In this work the binary system Ag-Ni was
accepted as established by Singleton and Nash,2,3 as
the investigation of three samples in this system did
not show relevant differences from those in the lit-
erature. Information on the liquid miscibility gap is
available from Colinet and Pasturel,4 who suggested
a critical point at about 4000�C based on first prin-
ciples calculations.

The phase equilibria in the Ag-Sn system were
taken from Karakaya and Thompson.3,5
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The System Ni-Sn

The most recent experimental investigation of
this system was done by Schmetterer et al.6 Their
version of the system differs considerably from the
last assessment by Nash and Nash3,7 and from two
calculated versions of the phase diagram by Ghosh8

and Liu et al.9 A detailed account of all changes in
this system can be found in Schmetterer et al.,6 so
only a short overview is given here.

According to the recent experiments, the transition
from the Ni3Sn low temperature phase (Ni3Sn LT) to
its high temperature modification (Ni3Sn HT) com-
prises a eutectoid and a peritectoid reaction in good
agreement with earlier results of Havlicek.10 The
determined reaction temperatures of 948 and
911�C, respectively, are in contradiction to most
values given in the existing literature, but they are
consistent with the early evaluation by Mikulas and
Thomassen11 and Havlicek.10 The Ni3Sn LT phase
has a narrow homogeneity range of about 0.5 at.%,
whereas the homogeneity range of the HT phase
widens at higher temperature. This phase was
found to have a cubic BiF3-type structure, as
already mentioned earlier by Schubert et al.12 An
orthorhombic phase, also suggested for the Ni3Sn
HT phase, was confirmed to be metastable, formed
by martensitic reaction at high quenching rates.

The region around Ni3Sn2 is far more complicated
than previously reported. Besides an NiAs-type
Ni3Sn2 HT phase there are three corresponding
orthorhombic LT phases, two of which have incom-
mensurate structures. Detailed crystal structure
analyses in this region were performed by Leinewe-
ber et al.13–16 The transition between the three LT
phases and the HT phase is of first order, consisting
of two eutectoid and two peritectoid reactions.

The homogeneity range of the Ni3Sn4 phase
extends from 53 to 57 at.% Sn. In the vicinity of this
latter compound several other phases have been
reported in the literature,10,17–22 which could not be
confirmed in the most recent work7 and are there-
fore not included in the phase diagram (Fig. 1).

The System Ag-Ni-Sn

Literature information on the ternary Ag-Ni-Sn
system is rather scarce. Ghosh23 presented a cal-
culated isothermal section at 230�C among many
other systems, but, unfortunately, did not give a
detailed description. Hsu and Chen24 presented
details of an isothermal section at 240�C, which was
based on both experimental work and calculation;
no ternary compound was detected. Later, Chen
et al.25 also suggested a liquidus projection, which
was derived from an investigation of the primary
crystallization of a total of 73 samples. Unfortu-
nately, only a few samples were studied by thermal
analysis, so only limited quantitative information is
available. Apparently, owing to experimental diffi-
culties, Chen and his co-workers made no effort to
investigate liquidus temperatures on the (Ag, Ni)

side, so this part of the liquidus surface is only a
rough estimate.

Very recently, Ipser et al.26 presented pre-
liminary suggestions for the isothermal section at
450�C and for the liquidus projection. While being
similar to the version of Chen et al.25 in the basic
outline, there are considerable differences in many
details.

All binary phases in the Ag-Ni-Sn system and its
constituent systems are given in Table I, while
Table II summarizes the invariant ternary reac-
tions discovered in this system so far, according to
Chen et al.25 and Ipser et al.26

EXPERIMENTAL SECTION

Ag-Ni-Sn alloys were prepared from Ag pellets
(99.99%, Ögussa, Austria), Ni wire (grade 1, Speci-
ality Products, Johnson Matthey, Materials Tech-
nology, Royston, U.K.), Ni powder (99.995% Koch
Light Laboratories, Colnbrook, Bucks., U.K.) or
Ni sheet (99.99%, Advent Research Materials Ltd.,
Eynsham, Oxford, U.K.) and Sn rods (99.9985%, Tin
Rod Puratronic, Alfa Aesar, Johnson Matthey,
Karlsruhe, Germany) or Sn ingots (99.999% Metal
Basis, Ventron Alfa Products, Beverly, Mass., USA).
Before alloying, we cleaned the Ag pellets by heat-
ing them to 600�C in a carbon crucible for 10 min.

Calculated amounts of the pure metals were
weighed, usually to a total mass of 1–2 g. Various
methods had to be employed for alloying because of
the special characteristics of this system. Simple arc
melting could only be used in those areas of the
system that were not affected by liquid demixing
extending from the binary Ag-Ni monotectic reac-
tion into the ternary. Early attempts to employ the
arc furnace in the (Ag, Ni)-rich region were not
successful, as the liquid macroscopically decom-
posed into a Ag-rich and a Ni-rich phase, respec-
tively (Fig. 2). Furthermore, samples in this region
seemed to have a particularly high vapor pressure,
i.e., high weight losses (up to 3% of the initial mass)
were observed during arc melting and also during
thermal analysis.

Fig. 1. Ni-Sn phase diagram.6
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Therefore, during sample preparation in the
(Ag, Ni)-rich part we had to avoid heating the
sample into the liquid range. Alloying was done
with powders of Ni3Sn, Ag3Sn, and Ni as starting
materials. The binary compounds were prepared
by arc melting, whereas the Ni powder was a com-
mercial product (see above). Correct amounts of
these starting materials were weighed, thoroughly
mixed, and pressed into pellets. Ternary alloys were
then produced by reactive sintering in evacuated
quartz ampules. For equilibration, especially at
lower temperatures, the samples were repeatedly
powdered, pressed, and annealed again (2–3 weeks
each time) to enhance homogenization.

After alloying, all samples were sealed in evacu-
ated quartz glass tubes and annealed at various
temperatures followed by quenching in cold water.

The particular procedures of sample preparation
and heat treatment are given in Table III; anneal-
ing times varied according to the annealing tem-
perature with regard to the melting range of the
respective samples.

Powder XRD data at room temperature were, in
most cases, obtained in a Guinier Huber film cam-
era (Huber GmbH, Rimsting, Germany) on a Sie-
mens Kristalloflex ERL 1000 generator (Siemens
AG, Berlin, Germany) with CuKa1 radiation. High
purity Si powder mixed with the samples was used
as an internal standard; exposure times were
between 5 and 10 h. Identification of the different
phases was done by comparison of the experimental
powder patterns with theoretical diffraction pat-
terns, using the program �LAZY PULVERIX� of the
package �STRUKTUR�.27 A number of samples were

Table I. Crystallographic Data of Phases in Constituent Binary Systems According to the Literature2,3,5,6

Phase

Composition
(at.% Ag)

Pearson
Symbol

Space
Group

Strukturbericht
Designation Prototype

Ag-Ni
(Ni) 0 to 1 cF4 Fm�3m A1 Cu
(Ag) 99.8 to 100 cF4 Fm�3m A1 Cu
Ag-Sn
(Ag) 0 to 11.5 cF4 Fm�3m A1 Cu
f-Ag4Sn 11.8 to 22.85 hP2 P63/mmc A3 Mg
e-Ag3Sn 23.7 to 25 oP8 Pmmn D0a bCu3Ti
(bSn) 99.91 to 100 tI4 I41/amd A5 bSn
(aSn) 100 cF8 Fd3 m A4 aSn
Ni-Sn
(Ni) 0 to 10.7 cF4 Fm�3m A1 Cu
Ni3Sn HT 24.1 to 26.3 cF16 Fm�3m D03 BiF3

Ni3Sn LT 24.8 to 25.5 hP8 P63/mmc D019 Ni3Sn
Ni3Sn2 HT 36.7 to 44.0 hP6 P63/mmc InNi2
Ni3Sn2 LT¢¢ �38.3 to �39
Ni3Sn2 LT 39.3 to 41.1 oP20 Pnma Ni3Sn2

Ni3Sn2 LT¢ 41.25 to 44.0
Ni3Sn4 53.0 to 57.0 mC14 C2/m Ni3Sn4

(aSn) �100 tI4 I41/amd A5 a Sn
(bSn) �100 cF8 Fd3m A4 b Sn
Metastable phases
Ni3Sn martensite oP8 Pmmn D0a bCu3Ti

Table II. Invariant Reactions in the Ag-Ni-Sn System According to the Literature25,26

Reaction Type

Temperature (�C)

Chen et al.25 Ipser et al.26

L ) (Sn) + Ni3Sn4 + Ag3Sn E1 (I) 219 220
L + Ag4Sn ) Ni3Sn4 + Ag3Sn U1 (II) 488 485
L + Ni3Sn2 ) Ag4Sn + Ni3Sn4 U2 (II) 516.5 570
L + (Ag) ) Ag4Sn + Ni3Sn2 HT U3 (II) – 725
L2 + Ni3Sn HT ) Ni3Sn2 HT + (Ag) U4 – Unknown
L2 + (Ni) ) Ni3Sn HT + (Ag) U5 – Unknown
L1 ) L2 + Ni3Sn HT + Ni3Sn2 HT E2 – 1130
L1 + (Ni) ) L2 + Ni3Sn HT U6 – �1,135
Critical Point C1 – 1130 < T < 1270

Phase Equilibria in the Ag-Ni-Sn System: Isothermal Sections 1417



investigated using an Image Plate Guinier Camera
(Huber GmbH), and the patterns were analyzed
using the �Topas 3� software (Bruker AXS,
Karlsruhe, Germany). Crystal structure data were
taken from Pearson�s Handbook of Intermetallic
Phases28 or from Leineweber et al.13–16

Samples to be examined by optical microscope and
scanning electron microscope (SEM) techniques
were embedded in a mixture of 1:2 volume parts of
Cu powder and Resinar F (Wirtz/Buehler, Düssel-
dorf, Germany). After embedding, we ground the
samples with SiC discs with 600 and 1000 mesh and
polished them with Al2O3 (1 lm) to obtain a smooth
surface.

Metallographic investigations were performed
using a light microscope (Zeiss Axiotech, Jena,
Germany). A DSC-S75 digital still camera (Sony,
Tokyo, Japan), switched to full zoom, was employed
to take pictures.

Scanning electron microscopy measurements,
including EPMA, were carried out on a Cameca SX
100 instrument (Cameca, Paris, France) electron
probe using wavelength dispersive spectroscopy
(WDS) for quantitative analyses and employing
pure Ni, pure Sn and pure Ag as standard materi-
als. The measurements were carried out at 15 kV
with a beam current of 20 nA. Ni Ka, SnLa, and Ag
La lines were used for quantitative analyses. We
used conventional ZAF matrix correction to calcu-
late the compositions from the measured X-ray
intensities.

RESULTS AND DISCUSSION

Results of the phase analysis based on EPMA and
XRD data of samples annealed at 200, 450, 700, and
1050�C are summarized in Table III. As already
outlined by Schmetterer et al.,6 EPMA measure-
ments in the Ni-Sn system were affected by a sys-
tematic shift of the measured compositions towards
the Sn-rich side, so the EPMA values had to be

corrected accordingly. The same effect was observed
in the ternary Ag-Ni-Sn system, too. In the present
study the values for the Ni-Sn phases were cor-
rected again by recalculation of the experimentally
determined mass percent according to the deviation
from the composition (also in mass percent) of a
well-established phase boundary. The values obt-
ained were consistent with the data reported by
Schmetterer et al.6 In Table III, the corrected val-
ues are given.

According to the present results, no ternary
compounds have been found in the Ag-Ni-Sn system
so far; only binary and unary phases exist in this
system having very limited or insignificant solubil-
ities of the respective third metal. Solubilities were
considered to be significant only if the measured
EPMA values were larger than 0.5 at.%. Further-
more, phase boundaries in the ternary system were
determined to be similar to the binary values, when
measured within equilibrium samples. This fact is
consistent with the insignificant ternary solubilities
mentioned above.

As already briefly discussed in the Experimental
Section, the Ag-Ni-Sn system is characterized by a
large liquid miscibility gap that extends from the
binary Ag-Ni system into the ternary up to a Sn
concentration of about 37 at.%. Because of bulk
demixing within all samples in this composition
range, as shown in Fig. 4, it was not possible to
establish equilibrium in the solid state, even by
prolonged annealing at temperatures above 1000�C.
The necessity to use powder methods for sample
preparation in this region meant a large number of
manipulations and handling steps with each sam-
ple; repeated powdering, pressing and annealing
was required. As a consequence, some of the sam-
ples (e.g., 38) were shifted from their nominal com-
positions during this lengthy process.

Four isothermal sections at 200, 450, 700 and
1050�C were established. They were based on the
results of the phase analyses (see Table III) and are
represented in Figs. 3–6. The course of the liquid
phase boundaries was generally derived from the
results of thermal analyses.1

Phase Equilibria at 1050�C

The isothermal section at 1050�C is shown in
Fig. 3. All samples are partially liquid, and no solid
Ag-Sn phases exist at this temperature. The con-
centrations of the liquid in the three-phase fields
could not be fixed experimentally by EPMA. The
composition of the liquid phase in the respective
three-phase fields in Fig. 3 was chosen to yield a
consistent picture with the liquidus projection and
the isopleths obtained from thermal analysis.1

There is a small solubility of Ag in (Ni), which is
in agreement with the binary Ag-Ni system. All
other compounds in the system have no significant
solubility at 1050�C. The phase Ni3Sn HT, which
cannot be stabilized by quenching of samples
annealed at 1050�C (see Schmetterer et al.6), is

Fig. 2. Ag-Ni-Sn sample showing the effect of the liquid miscibility
gap. Demixing of the liquid had occurred during arc melting. The
sample is inhomogeneous and not in equilibrium.

Schmetterer, Flandorfer, Richter, and Ipser1418
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presented under the assumption that the transfor-
mation into its low temperature modification did not
change the phase boundaries.

There was no experimental evidence that the
liquid miscibility gap extends down to a tempera-
ture of 1050�C. The shape of the liquidus line that
was drawn according to the results from thermal
analyses1 is consistent with data obtained by Saeed
et al.29 from calorimetric measurements at 1000�C.

Phase Equilibria at 700�C

At 700�C most of the samples of the (Ag, Ni)-rich
part were completely solid. Most phase fields shown
in the experimental isothermal section at 700�C
(Fig. 4) could be determined consistently by EPMA
and XRD. Ternary solubilities are again insignifi-
cant, except for a small solid solubility of about

1 at.% of Ni in (Ag). In contrast to the situation at
1050�C, there is no significant solubility of Ag in
(Ni) at 700�C any more. The composition of the
liquid in the three-phase field [Ni3Sn4 + Ni3Sn2

HT + L] was estimated from metallography (sam-
ples 125–127, see Table IV) and the results from the
thermal analysis.1 (Ag) and Ni3Sn2 HT form a very
broad two-phase field. The differing phase triangu-
lation compared to that at 1050�C, especially the

Fig. 4. Ag-Ni-Sn isothermal section at 700�C; sample compositions
are marked by cross-hairs.

Fig. 5. Ag-Ni-Sn isothermal section at 450�C; sample compositions
are marked by cross-hairs.

Fig. 6. Only the Sn-rich part has been investigated experimentally.
The compositions of samples 17, 20, 21, and 114 are marked by
cross-hairs.

Fig. 3. Ag-Ni-Sn isothermal section at 1050�C; sample compositions
are marked by cross-hairs.
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Fig. 7. Metallographic analysis of a series of samples allowed the placement of the boundary between the phase fields [L + Ag3Sn + Ni3Sn4]
and [L + Ni3Sn4]. As an example, micrographs of two samples are given: 126 (Ag15Ni20Sn65) (a) and 127 (Ag25Ni20Sn55) (b). Micrograph (a)
shows grains of Ni3Sn4 and the eutectic matrix. Micrograph (b) shows large grains of Ag3Sn and Ni3Sn4 surrounded by the eutectic matrix (liquid
at the annealing temperature).

Table IV. Metallographic Results at 450�C

No. Nominal Composition (at. %) Heat Treatment (�C) Phases Detected (SEM)

450�C
122 Ag45Ni5Sn50 450; 60 d Ag3Sn

Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
123 Ag40Ni5Sn55 450; 60 d Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
124 Ag37.5Ni5Sn57.5 450; 60 d Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
125 Ag10Ni20Sn70 450; 60 d Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
126 Ag15Ni20Sn65 450; 60 d Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
127 Ag25Ni20Sn55 450; 60 d Ag3Sn

Ni3Sn4(small amount)
Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)

128 Ag30Ni20Sn50 450; 60 d Ag3Sn
Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
700�C
125 Ag10Ni20Sn70 700; 60 d Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
126 Ag15Ni20Sn65 700; 60 d Ni3Sn4

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
127 Ag25Ni20Sn55 700; 60 d Ni3Sn2

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)
128 Ag30Ni20Sn50 700; 60 d Ni3Sn2

Eutectic Matrix: Ag3Sn, Ni3Sn4, (Sn)

d = days.
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succession of the phase-fields [(Ag) + Ag4Sn +
Ni3Sn2 HT], [Ag4Sn + Ni3Sn2 HT], and [Ag4Sn +
Ni3Sn2 HT + L], is consistent with U-type transition
reactions found at intermediate temperatures.1

Phase Equilibria at 450�C

The phase triangulation at 450�C, shown in the
isothermal section in Fig. 5, is based on experi-
mental data for the entire concentration range. A
preliminary version of this section has already been
given by Ipser et al.;26 however, the version pre-
sented here is refined in several details due to the
investigation of an additional number of samples.

In line with observations at the higher tempera-
tures, no significant ternary solubilities were found,
except for a small ternary solubility of < 1 at.% Ni in
the (Ag) phase. The phase triangulation was based
on the results from EPMA, XRD, and metallogra-
phy. As the liquidus composition in the phase field
[Ag3Sn + Ni3Sn4 + L] could not be fixed by EPMA,
it was determined from the microstructures of an
additional set of samples (122–128, see Table IV)
that were partially liquid at 450�C. Samples 123–
126 clearly showed primary crystallization of
Ni3Sn4 and a fine eutectic matrix comprising the
phases Ag3Sn, Ni3Sn4 and (Sn) that had solidified
from the liquid during quenching, see, e.g., sample
126 in Fig. 7a. The microstructure therefore sug-
gests the presence of the two phases Ni3Sn4 + L at
the annealing temperature. In the remaining sam-
ples 122, 127, and 128, the microstructure suggests
the presence of three phases (Ag3Sn + Ni3Sn4 + L)
at 450�C. Thus, the corresponding boundary of the
three-phase field [Ag3Sn + Ni3Sn4 + L] was placed
close to sample 127, where only a rather small
amount of Ag3Sn grains was found; see sample 127
in Fig. 7b.

The phase triangulation in the area of Ag4Sn,
Ag3Sn, and Ni3Sn4 is based on the XRD and EPMA
results from samples 37, 38, 54–56. In the case of
samples 38 and 55, we found indications of a shift in
the nominal composition. Repeated powdering dur-
ing sample preparation (38) and stress annealing of
the powders used for XRD (55) may be the reason.
Despite these experimental shortcomings, a consis-
tent solution for this area could be developed.

The rather complicated phase triangulation
around the Ni3Sn2 phases (the section at 450�C lies
within the binary Ni3Sn2 phase transition7) was
based on the results from XRD and some EPMA
measurements. As the differences in composition
among the various Ni3Sn2 phases were very small,
EPMA alone did not yield reliable results in this
area. Owing to the complexity of this area and the
complications just mentioned, the position of some
corners of certain phase fields had been left out in
the earlier work of Ipser et al.26

The investigation of additional samples allowed
the evaluation presented in Fig. 5: there is a broad
two-phase field [Ag4Sn + Ni3Sn2 HT] and a narrow
three-phase field [Ag4Sn + Ag + Ni3Sn2 HT], both

determined from XRD. Further phase fields,
[Ni3Sn2 HT + (Ag)], [Ni3Sn2HT + Ni3Sn2 LT¢ +
(Ag)], [Ni3Sn2 LT¢ + (Ag)], and [Ni3Sn2LT¢ + Ni3Sn2

LT + (Ag)], could not be determined experimentally,
but they are a consequence of the binary phase
relations and other experimental results in the
ternary system.

Phase Equilibria at 200�C

In terms of soldering, the isothermal section at
200�C (Fig. 6) is usually considered to be the most
important one of the set presented here. Neverthe-
less, the complete study of an alloy system is pref-
erable, even if the technological interest may be
focused on certain temperature and/or concentra-
tion ranges. Only then will it be possible to gain a
consistent description, especially if CALPHAD
optimization and modeling are to be performed.
Furthermore, for solder systems, interfacial diffu-
sion and reactions are highly important which can
be influenced by phase relations in the entire con-
centration range.

In our study of the Ag-Ni-Sn system, this became
clear during experimental work for the isothermal
section at 200�C. First of all, only samples with
Sn-content above app. 35 at.% were prepared, as
only those have a chance to reach an equilibrium
state in a reasonable time (roughly 3 months). In
fact, it turned out that samples placed around
35 at.% Sn were already at the margin of the
experimentally accessible part of this isothermal
section. Even after prolonged annealing at 200�C,
the correct phase equilibria have not always been
established, probably due to insufficient diffusion at
this temperature far below the liquidus.

Thus, only the Sn-rich part of this isothermal
section (Fig. 6) was determined experimentally.
Two three-phase fields, [(Sn) + Ni3Sn4 + Ag3Sn]
and [Ni3Sn4 + Ni3Sn2 LT¢ + Ag3Sn], separated by
the two-phase field [Ni3Sn4 + Ag3Sn] are based on
experimental results. In samples 17 (Ag10Ni45Sn45)
and 114 (Ag40Ni25Sn35), however, both within the
three-phase field [Ni3Sn4 + Ni3Sn2 LT¢ + Ag3Sn], it
turned out that even pre-annealing at 550�C
(2 days), followed by slow cooling (0.25 K/min) to
200 �C and further annealing at this temperature,
did not yield the full thermodynamic equilibrium.
While XRD showed that the expected phases had
formed, EPMA revealed concentration gradients in
Ni3Sn2 LT¢ and Ni3Sn4 indicating non-equilibrium.
Due to the insignificant solubility of Ag in these two
phases, the phase field boundaries were drawn
according to the values from the binary Ni-Sn sys-
tem (compare Schmetterer et al.6).

A comparison of this area at 200�C with the iso-
thermal section at 450�C reveals a change in the
phase triangulation that is reflected by the three-
phase fields [Ag3Sn + Ni3Sn4 + Ni3Sn2LT¢] at 200�C
and [Ag3Sn + Ag4Sn + Ni3Sn4] at 450�C. This
change suggests the existence of a ternary type II
(U) reaction involving four solid phases (probably
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Ag4Sn + Ni3Sn4 ) Ag3Sn +Ni3Sn2 LT¢) in addition
to a reaction related to the Ni3Sn2 phase transition
(HT fi LT¢).

The phase triangulation in the Sn-rich part is in
good agreement with the calculations of Ghosh23 at
230�C and Hsu and Chen24 at 240�C, and with the
experimental work of the latter authors, except for
the wider homogeneity range of Ni3Sn4 in our work.

The phase equilibria in the (Ag, Ni)-rich part of
Fig. 6 are estimated from binary data and from the
results of phase analysis at higher temperature;
they are, therefore, represented by dashed lines. For
example, ternary solubilities of Ni in (Ag) at 450 and
700�C have already been shown to be smaller than
1 at.%, while Hsu and Chen24 reported a solubility
of about 3 at.% at 240�C in their experimental work.
As an increase in solubility with decreasing tem-
perature is rather unlikely, a negligible solubility of
Ni in the (Ag)-phase is shown in Fig. 6. Phase
equilibrium was probably not established in their
case, due to slow diffusion in a temperature range
far below the melting point, regarding the difficul-
ties in establishing equilibrium in more Sn-rich and
thus lower melting parts of the system. However, it
is surprising that Hsu and Chen24 investigated
samples in the (Ag, Ni)-rich part which had been
prepared directly from the melt but did not mention
any problems with non-equilibrium and/or bulk
demixing of the liquid phase, as was observed here.

In Fig. 6, a reasonable suggestion is also made for
the situation around the three Ni3Sn2 LT-phases,
again developed from the situation in the binary
boundary systems and consistent with phase equi-
libria at higher temperature. These phase equilibria
have to be far more complicated than hitherto re-
ported in the literature23,24, because of the existence
of the Ni3Sn2 LT¢- and LT¢¢-phases.

CONCLUSION

A set of consistent isothermal sections at 200, 450,
700, and 1050�C was presented for the ternary
Ag-Ni-Sn system. Experimental difficulties due to
liquid demixing were highlighted, and solutions
were presented that allowed us to obtain equilib-
rium samples. Together with the results from
thermal analyses1, these data will allow a full
understanding of the phase equilibria in this system
that is of high technological importance.
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