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Electron Microscopy of Gold-Containing Ag;Sn Splat-Cooled
Ribbons*

MANOHAR L. MALHOTRA

School of Dentistry, University of Michigan,
Ann Arbor, Michigan 48109

Splat-cooled ribbons of gold-containing Ag-Sn alloys were prepared and studied
primarily by electron optical methods. The microstructure revealed well-defined grains
separated by sharp boundaries. Electron microprobe analysis confirmed that the ribbons
are homogeneous, with gold distributed uniformly all over the surface. Selected area
electron diffraction further proved that these ribbons belong to single phase vy, an Ag,Sn
compound.

Introduction

During the last decade, rapid cooling from the melt to form splat-
cooled ribbons has been shown to result in the formation of metastable
phases in a number of metallic systems. Information on these systems is
readily available in the literature. However, little has been done to
investigate these ribbons using the modern techniques of electron
microscopy. The gun technique produces rapidly solidified ribbons with
certain thin areas suitable for direct examination by high-energy trans-
mission electron microscopy.

In dentistry, AgsSn alloy particles (74% Ag and 26% Sn) are reacted
with mercury to produce an amalgam which is widely used as a
restorative material. Recently, some attempts have been made to modify
this basic Ag;Sn alloy by replacing silver with different elements such as
gold, copper, or manganese in an effort to produce an amalgam free of
the v, (Sn,_gHg) phase, an undesirable constituent in the amalgam [1-
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11]. The present study is focused on the gold-containing Ag-Sn splat-
cooled ribbons. Some microstructural details from these ribbons were
reported previously [12] using primarily x-ray diffraction and scanning
electron microscopy. The present work is intended to study the homo-
geneity of these ribbons using electron microprobe analysis and also to
examine their structural features directly in the high-voltage transmis-
sion electron microscope. Grain orientations were analyzed using se-
lected area electron diffraction patterns.

It is well known that splat-cooled ribbons of any material (metal or
an alloy) have pores scattered all over the surface. In the gold-containing
Ag-Sn splat-cooled ribbons, it is found that there are areas near the
pores with varying thickness from ~20 u to <1 u. These thin areas (~1 w)
were observed directly in the high-voltage transmission electron micro-
scope (RCA-500 kV) without further polishing, etching, or thinning of
the splat-cooled ribbons.

Theory

From the literature, the ¥ (Ag;Sn) phase has been found to have an
orthorhombic unit cell [13, 14] with lattice parameters a, = 2.995, b, =
5.159, and ¢, = 4.781 A. The standard equations of this system for dp,
the distance between the adjacent planes in the set (kk!), and for angle &,
the angle between the planes (h,k,/,) of spacing d, and (h,k,l,) of spacing
d, were used in indexing the selected area electron diffraction patterns.

The average grain size was measured from the linear intercept length
L obtained as

Ly
L MN
where L, equals the total test line length, N is the number of grain-
boundary intersections, and M is the magnification used in the particular
photomicrograph [15, 16].

Experimental Procedures

Splat-cooled ribbons of gold-containing Ag-Sn alloys were prepared
by the procedures outlined previously [12]. The ribbons were etched in a
30% nitric acid solution until the structure was developed for metallo-
graphic examination in the SEM. An Ortec Si (Li) x-ray energy-
dispersive spectrometer was attached to the SEM in order to obtain
x-ray emission spectra of elements present at any point on the specimen
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F1G. |. Typical scanning electron photomicrograph of a splat-cooled Ag-Sn-Au alloy
ribbon (59% Ag, 26% Sn, and 15% Au) surface. Areas marked A show pores scattered all
over the ribbon surface.
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Fi1G. 2. (a) Typical scanning electron photomicrograph of a splat-cooled Ag-Sn-Au
alloy ribbon (59% Ag, 26% Sn, and 15% Au) surface after it is etched in a 30% nitric acid
solution.

Microstructure reveals grains separated by sharp boundaries.
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surface. Overlapping of the x-ray spectra obtained from various places
on the specimen surface confirmed the homogeneity of these splat-
cooled ribbons. The ribbons were examined in the high-voltage transmis-
sion electron microscope (RCA-500 kV) operated at 400 kV. The
selected area electron diffraction patterns obtained from different grains
identified their orientations. Average grain size in these splat-cooled
ribbons was determined from a relation as described in the previous
section.

Results and Discussion

Figure 1 shows a typical scanning electron photomicrograph of a 15%
gold-containing Ag-Sn splat-cooled alloy ribbon (59% Ag, 26% Sn, and
15% Au), as prepared. It shows pores (areas marked A) scattered all
over the surface. Near the pores, there are regions ~1 u thick which are
studied directly in the high-voltage transmission electron microscope.

Figure 2(a) shows a scanning electron photomicrograph of a splat-
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F1G. 2. (b) X-ray emission spectrum obtained from the photomicrograph shown in (a).
Overlapping of the spectra obtained from the different regions confirmed the homogeneity
of the alloy ribbons. This implies that gold is distributed uniformly all over the Ag-Sn
phase grains.
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Fic. 3. (a) Transmission electron photomicrograph of a splat-cooled Ag-Sn alloy
ribbon (74% Ag and 26% Sn), showing grains separated by sharp boundaries. The bend
contours owing to the buckling of the specimen are clearly observed.
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F1G. 3. (b) and (c) Typical selected area electron diffraction patterns were obtained
from the photomicrograph shown in (a). The diffraction patterns correspond to ¥ (AgzSn)
phase. Extra spots in (b) show superlattice reflections, commonly observed in Ag;Sn.

cooled ribbon surface of the same alloy composition. The surface was
etched in a 30% nitric acid solution for several minutes (~3 min) until
the structure is developed for metallographic examination. In the pho-
tomicrograph the areas marked A show grains separated from each other
by well-defined boundaries. Electron microprobe analysis of these areas
A [Fig. 2(a)] is shown in Fig. 2(b). The observed x-ray emission
spectrum shows the presence of Ag, Sn, and Au with uniform intensity
of these elements over the entire surface. This proves the following
results: (1) The ribbons are homogeneous. Also, gold is distributed
uniformly within the Ag~Sn grains. (2) The addition of gold up to 15%
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FiG. 4. (a) Transmission electron photomicrograph of a gold-containing Ag-Sn alloy
ribbon (65% Ag, 26% Sn, and 9% Au), showing grains separated from each other by sharp
boundaries.
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FiG. 4. (b) and (¢) Typical selected area electron diffraction patterns were obtained
from the photomicrograph shown in (a). The diffraction patterns correspond to y (Ag,Sn)
phase.

did not show the formation of any new phase in the gold-containing
Ag-Sn alloy ribbons.

Figures 3-5 show transmission electron photomicrographs and their
corresponding selected area electron diffraction patterns for Ag-Sn
splat-cooled ribbons containing 0, 9, and 15% gold. The studies were
made on a high-voltage transmission electron microscope operated at
400 kV. The microstructure was found to contain well-defined grains
separated from each other by sharp boundaries. Figure 3(a) shows a
transmission electron photomicrograph of an alloy ribbon surface con-
taining silver and tin (74% Ag and 26% Sn). The sharp grain boundaries
of Ag-Sn particles are clearly visible along with the bend contours
present owing to the buckling of the specimen. Figures 3(b) and 3(c)
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FiG. 5. (a) Transmission electron photomicrograph of a high content gold-containing
Ag-Sn splat-cooled alloy ribbon (59% Ag, 26% Sn, and 15% Au), showing grains separated
from each other by sharp boundaries.
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FiGc. 5. (b) and (c) Typical selected area electron diffraction patterns were obtained
from the photomicrograph shown in (a). The broad reciprocal lattice points as seen in (c)
are typically observed in platelet specimens. The diffraction patterns correspond to y
(Ag,;Sn) phase.

show typical selected area electron diffraction patterns obtained from
the photomicrograph shown in Fig. 3(a). The analysis showed that these
diffraction patterns correspond to vy (Ags;Sn) phase, as expected. In Fig.
3(b) there are extra diffraction spots along the ¢ direction corresponding
to superlattice reflections, commonly reported in Ag;Sn. Figure 4(a)
shows a transmission electron photomicrograph of a gold-containing Ag-
Sn alloy ribbon surface (65% Ag, 26% Sn, and 9% Au). The grains have
been clearly identified as having sharp boundaries. Some grains show a
fine precipitate which may correspond to either a new phase or a fine
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structure within the grains. So far, the observed selected area electron
diffraction patterns, some of which are shown in Figs. 4(b) and 4(c),
showed reflections only from y (Ag;Sn) phase. Figure 5(a) shows a
transmission electron photomicrograph of a high-content gold-containing
Ag-Sn alloy ribbon (59% Ag, 26% Sn, and 15% Au). As observed in the
Ag-Sn alloy ribbons, the microstructure in this case also consists of
grains separated from each other by sharp boundaries. The microstruc-
ture is extremely fine-grained when the gold content is above the limit of
metastable solid solubility. A large amount of substructure was possibly
formed during the solidification of individual grains, leading to the
granular structure. Selected area electron diffraction patterns shown in
Figs. 5(b) and 5(c) show reflections only from 7y (Ag;Sn) phase. In Fig.
5(c), the reciprocal lattice points are broadened as typically observed in
thin platelet specimens. Reflections from any other phase, if at all
present, have not been yet detected.

X-ray diffraction results as reported earlier [12] showed only 7y
(AgsSn) phase in the gold-containing Ag-Sn splat-cooled ribbons. How-
ever, there was a consistent reduction in lattice parameters of the gold-
containing Ag;Sn ribbons when compared to the pure Ag,Sn splat-
cooled ribbons. This change in lattice parameters would hardly be
detected in the present study of electron diffraction patterns. King [17]
has also reported that gold substitutionally added in amounts greater
than 30% in the Ag,Sn lattice results in a contraction of lattice; the
contraction was insignificant in the present range of gold concentrations
added to Ag;Sn. The splat-cooling process might also be responsible, in
part, to force gold in the Ag;Sn lattice structure. This further avoids the
formation of any other new phase.

Average grain size as measured from several scanning electron
photomicrographs is 3.2 u. An average grain size of 2.0 u was obtained
from several transmission electron photomicrographs taken only near
the pores of the ribbons. This grain size corresponds only to localized
areas and does not represent the average grain size of the bulk material.
However, it is believed that the average grain size of 3.2 u as obtained
from several scanning electron photomicrographs relates closely to the
grain size of the bulk material.

Summary

Microstructure from properly etched splat-cooled ribbons revealed
large grains (3.2 u average size) separated from each other by sharp
boundaries. Electron microprobe analysis has confirmed that the gold-
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containing Ag~Sn ribbons are homogeneous. Gold is distributed uni-
formly all over the ribbon surface. The high-voltage transmission elec-
tron microscope (RCA-500 kV) has also revealed microstructure from
the localized thin areas in the ribbons as prepared without any polishing,
etching, or thinning of the specimens. The microstructure as revelaed by
transmission electron microscopy showed small grains (2.0 u average
size) separated from each other by sharp boundaries. Selected area
electron diffraction also proved that these ribbons correspond to single
phase v, an Ag,Sn compound.

The author is grateful to Professor Kenneth R. Lawless for his keen
interest throughout the investigation. Financial support of the National
Institute of Dental Research, National Institutes of Health, under
Research Grant No. DE-02111, Bethesda, Maryland 20014 is acknowl-
edged.
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