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A Study on Gold Alloys for Dental Casting
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ABSTRACT

Dental gold alloys were developed for crown and
bridgework, changing the metal additives in gold alloys
including Au, Pd and others, and also examining commer-
cial dental reduced Au-containing alloys. First, newly-
designed Au/Ag/Pd-based alloys (A series) contained In
and Zn as the metal additives, showing that the increased
Pd content exhibited the increased hardness number
ranging approximately from 150 to 250 for interdendrites
and dendrites as the cast structure, associated with the
increased percentage of dendrites (71 to 84%). Second,
for Au/Pd-based alloys (B series), the interdendrite and
dendrite structures showed different magnitudes of hard-
ness number. The metal additives in Au/Pd-based alloys
affected the formation of interdendrite structures with
below 100 and dendrite structures with about 220 for B2
gold alloy, and also about 150 (interdendrites) and above
220 (dendrites) for the others B1 and B3. The results
demonstrated that metal elements in developed gold alloys
modified the hardness number within a wide range and the
dendrite matrix phase controlled the cast structures.

INTRODUCTION

Gold alloys for dental casting contained mainly as Au,
Ag, Cu and Pd as the chemical compositions’~®. The
precious gold alloys were improved by the metal additives
for crown and bridge applications. The precious alloys
were specified by their compositions, and the additives

affected the parameters to change the structures and

Hiroshima University School of Dentistry, Depart-
ment of Dental Materials (Chairman; Professor
Masao Yamaki).

Correspondence to Dr K. Wakasa;

Hiroshima University School of Dentistry, Depart-
ment of Dental Materials, Kasumi 1 chome, Minami-
ku, Hiroshima City, 734 Japan.

mechanical property in gold alloys and aluminum-copper
anoyss— 10),

wide range of hardness number because of dendrite

The addition of metal element showed a
structure after casting. In general, the alloy structure
was composed of a well-developed dendrite
structure! =2, The effect of cast structure on hardness
number was observed for dental gold cast alloys containing
Au, Ag, Cuand ?. Clinically, high Au alloys (70 to 90%
Au), reduced Au alloys (20 to 60% Au) and Ag/Pd alloys (0
to 10% Au) were used'V, showing 470 MPa as a
proportional stress (high Au), 425 MPa (reduced Au) and
462 MPa (Ag/Pd alloy). High Au and reduced Au alloys
corresponded to Type III or Type IV, and low Au/Ag/Pd-
based ones were similar to high Au alloys.

Consequently, to clarify the characteristics of the
structures in dental gold alloys, Au/Ag/Pd-based alloys
containing Au, Ag and Pd as a constituent metal and In and
Zn as the additives were made experimentally, and also
reduced Au/Pd-based alloy systems with 150 to 220 as the
hardness number for crown and bridge applications were
developed based on the corroded structures.

MATERIALS AND METHODS

Alloy systems tested were six types of experimental gold
alloys and two commercial gold alloys (Table 1). For Al,
A2 and A3 alloys, the low-fusing additives In and Zn were
added to the matrix phase, whereas such metal additives
were not added to B1, B2 and B3 gold alloys. The detail
was not described for the patent of Au/Pd-basaed alloys in
this study. The condition to measure hardness number
on cast surface was used as reported previously'®!?.
The test samples (5 pieces) were cast by centrifugal
casting with high frequency melting (Castron 8, Yoshida
Co, Tokyo). The gypsum-bonded investment Cristoba-
lite P (Shofu Inc, Kyoto) was used for all gold alloy
samples tested. The casting procedures were carried

out similar to the previous study'?.
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Table 1 Gold alloys developed and tested. See text for key.

Material Cod Chemical composition (wt %)
atenals ¢ Au Ag Cu Pd Others
Al 20 43 — 20 In (13), Zn (4)
A2 25 28 — 30 In (13), Zn (4)
A3 20 25 — 35 In (16), Zn (4)
Alloys Bl 15 * * 17 *
B2 20 * * 16 *
B3 25 * * 15 *
Hojo White Gold C1 29 29 — 18 Pt (3), R
GC Castwell MC C2 12 47 18 20 R

*not described for the patent. R means the residual elements (unknown).

The properties measured were the microstructural
features and Vickers hardness of gold alloys. The test
samples after casting were polished using the same
procedures as the previous studies*—!®,  The metallog-
raphic etch to observe photomicroscopically the crystalline
grains of cast samples was performed using 10% Nital
etchant (10 mL HNO;/90 mL ethano)'®. The hardness
values were measured when 200 gram load was applied to
the specimen (15X 20X 2.5 mm). The reported values
mean the range obtained for five test samples for each gold
alloy.

RESULTS

Fig. 1 shows Vickers hardness number in gold alloys
Al, A2 and A3, representing that the magnitude increased
with increasing Pd content in Au/Ag/Pd-based gold alloys.
And also the percentages of dendrites were 71 (7) for Al,
71 (4) for A2 and 84 (5) for A3. There was no difference
of hardness between the interdendrite (not-etched) and
dendrite (etched).

Fig. 2 shows the hardness number in gold alloys B1, B2
and B3, representing that the magnitude was different for
the interdendrite (etched) and dendrite structures (not-
etched) when Au addition increased from 15 to 25%.
The hardness number ranged less 100 and around 150,
whereas the values for the dendrites were about 220 (B2),
or more than 220 (B1, B3).

The cast microstructures were shown in Fig. 3 (A1, A2
and A3 gold alloys) and Fig. 4 (B1, B2 and B3 gold alloys).
The structures were composed of dendrite structure and
also interdendrite structure between the dendrites.
Typically the dendrite structure was corroded by the
etchant for Au/Ag/Pd-based alloys Al, A2 and A3. On
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Figure1 Vickers hardness number (kg/mm?) in gold
alloys Al, A2, A3. Dotted line shows hard-
ness value for age-hardened gold alloys Type
v.

the contrary, the Au/Pd-based alloys exhibited interden-
drite structures in gold alloys B1l, B2 and B3. These
microstructure characteristics affected a wide range of
hardness number.

DISCUSSION

An analysis was performed for Vickers hardness values
and crystalline grains. The cast structure by the metal-
lographic etch is an important parameter with the hardness
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Figure 2 Vickers hardness number in gold alloys Bl,
B2, B3. See Table 1 for key.

number. For examples!'®'?, dental Ni-based alloy sys-
tems tested were classified by two soft and hard systems,
showing that hardness number was ranging from about
150 to 220 (extra soft and soft types) and more than 220
(hard and extra hard types), referring to the specification
of casting gold alloys.

In this study, dental casting gold alloys were also
specified as the Type I alloy (extra soft; Vickers number of
less than 90, softened), Type II (soft; ranging from 90 to
120), Type II (hard; range between 120 to 150) and Type
IV (extra hard; 150 or above after a softening treatment,
and more than 220 for age-hardened condition)'”. Asa
control alloy the hardness numbers of C1 and C2 were
respectively 170 (5) and 125 (5), showing the specification
of gold alloys Type III or Type IV. During casting,
gypsum-bonded investment (Cristobalite P) was used to
cast the gold alloys tested, and the layer between the
investment and metal was removed using ultrasonic
cleansing, because the adherent oxide layers or attached
investment powders were not found.

As expected in Figs. 1 to 4, the improvement of the
alloy structure was done by metal additives in case of gold
alloys. Pd content in Au/Ag/Pd-based alloys controlled
the magnitude of hardness number (Fig. 1), and the metal

element Au in Au/Pd-based alloys affected the structure
parameter (Fig. 2). The parameter to represent hard-
ness number was either interdendrites or dendrites as a
structure parameter (Fig. 2). Based on the results in
Figs. 3 and 4, gold alloys is developed by the metal
additivess. On the contrary (dental Ni-based
alloys)!®=2%, such additives as molybdenum, cobalt,
silicon and manganese exhibited the increased values of
hardness and tensile properties as compared with binary
Ni-Cr-based alloys. Each metal additive was effective to
change the cast microstructures in Au/Ag/Pd-based or
Au/ Pd-based alloy, exhibiting the increased hardness
number with the metal additives.

The difference of corroded structures between inter-
dendrites and dendrites was observed (Figs. 3, 4). The
dendrite structure was heavily attacked by etchant in case
of Al, A2, A3 gold alloys, but the dendrites in B1, B2, B3
gold alloys were not corroded.  Considering the solidifica-
tion of their gold alloys, the dendritre structures solidified
initially and continuously the interdendrites between the
dendrites formed after the solidification of dendrites.
Thus, respective melting temperature as the additives
was important to control the formation of cast dendrite
structures in gold alloys. Compared gold alloys Al, A2,
A3 and B1, B2, B3 (Table 1), metal additives with higher
melting temperature were added to gold alloys B1, B2, B3
in this study. The low-fusing pure metals as In (156.4°C)
and Zn (419°C) were contained in gold alloys Al, A2, A3.
The metal additives were effective to control the hardness
number in Ni-Cu-Mn-based alloys!?~'®.  Thus, the
additives were used effectively for the development of
dental gold alloys.

SUMMARY

The hardness number was a parameter to represent
structural characteristics of dental gold alloy matrix phase.
Dental Au/Ag/ Pd-based alloys exhibited the corrosion
attack of dendrite structures, showing the different
metallographic etch in interdendrite and dendrite struc-
tures. The metal additives In and Zn in Au/Ag/Pd-based
alloys improved cast structures of dendrites and uncor-
roded interdendrites with the same hardness for each
alloy. On the contrary, the metal additives in Au/Pd-
based alloys were effective to improve corrosion-resist-
ance of dendrites as shown in B1, B2, B3 gold alloys when
the high-fusing additives are added to the matrix. In
these Au/Pd-based alloys the hard structure was dendrite
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Figure 3 Cast structures in gold alloys Al, A2, A3. Right side is a magnified one of left microstructure.
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Figure4 Cast structures in gold alloys B1, B2, B3.



with 180 to 280, and the soft structure was the interden-

drites ranging from 60 to 180. Therefore, the surface

microhardness of the gold alloys was modified according to

the addition of metal elements.
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