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The surface tension and the density of some gold alloys have been measured and their wetting behaviour
investigated in relation to different ceramic supports. Relationships between surface tension and density as a
function of temperature are proposed. 

The primary objective of jewellery production is the
optimization of melting processes (1) and the choice of
suitable ceramic materials for the crucibles is required,
and this choice can be critical. Accordingly, there is a
need for a range of materials with excellent thermal
and mechanical properties to withstand high
temperatures and, at the same time, resist attack by the
molten metal, so that there is no metal-ceramic
interaction (2, 3). To date, the materials used have
been graphite, silicon carbide or the more common
‘refractory materials’, but there are still complaints
about problems, principally related to the rapid
consumption of the crucible, or pollution of the melt
due to the detachment of particles from the crucible. A
knowledge of the interaction between the ceramic and
the liquid gold alloys can help in the definition of
more suitable ceramic material for the melting
processes used by goldsmiths. It is necessary to use
materials that are highly resistant to wetting by
metallic melts, thus a knowledge of the interface
properties of liquid gold alloys in relation to ceramic
materials is needed. 

The interactions between the liquid metallic
material and the ceramic are usually studied using:
1 Surface tension measurements of the liquid metal in

contact with the ceramic material
2 Measurements of both surface tension and contact

angle as a function of temperature
3 Surface tension measurements in the presence of

liquid metal vapour.
Ott (4) has stated that there is insufficient data on

the thermal properties of jewellery alloys in the liquid

state and at solidification, including that on surface
/interface tension. Surface tension is a thermophysical
property that must be considered because it influences
the surface structure of castings, and determines the
interfacial interactions between melts and solid
containers (ie interfacial tensions); and it is influenced
by the presence of alloying elements such as zinc or
silicon. Consequently, the study of its variation can
provide useful information on the outcome of casting
processes. We have therefore measured the surface
tension and the density of some precious gold alloys as
a function of temperature, and investigated their
wetting behaviour on a number of relevant ceramic
supports.

THEORETICAL BACKGROUND

For the sake of clarity, we provide some details on the
nature of adhesion and wettability of liquid metals on
solid substrates and the behaviour of surface tension.

Wettability
One of the basic equations which describes the
behaviour of a liquid phase in contact with a solid
surface is Young’s equation (5):

σSV = σSL + σLV cos θ (1)

where σSV, σSL, σLV are respectively the interface
energies between the solid and the vapour phase, the
solid and the liquid phase, and the liquid and the

WOR/7993 Enrica  3/1/04  4:25 pm  Page 41



42 Gold Bulletin 2001, 34(2)

vapour phase; θ is the contact angle between the liquid
and the solid phase (Figure 1). In wettability studies
the work of adhesion WA is defined by Dupré’s
equation (6), which can be written in both of the
following two forms:

WA = σLV + σSV – σSL

WA = σLV (1 + cos θ) (2)

From Equation (2), WA can be calculated by
measuring the contact angle and the surface tension of
the liquid. 

From the studies of Naidich (6) it can be
concluded that the wettability and adhesion are
principally determined by two types of forces, ie:
physical interactions, especially dispersion and
polarization forces, and chemical interactions. Physical
interactions determine the wettability of low surface
tension liquids (eg water, organic solutions, and
hydrocarbons). Chemical wettability is characteristic of
high temperature systems and generally shows a strong
dependence on temperature. It would seem to be very
easy to determine the contact angle θ but on the
contrary, it is one of the quantities more difficult to
measure with accuracy, especially in metal-ceramic
systems. The scatter of the measurements is often very
large, due to a number of factors. One of the more
important is the roughness of the solid (ceramic)
surface as emphasized by Wenzel (7). The actual value
of the contact angle, θ* can be correlated with the
measured value through the relationship: 

cos θ* = R cos θ (3)

where R is the surface roughness coefficient. Moreover,
the value of θ is different when determined in the
‘advancing’ stage compared with the ‘retraction’ stage.
For example, when the surface roughness of alumina is
about R = 1 µm, the molten lead on the alumina
shows an advancing contact angle of 180° while the

retraction contact angle is 125°. The difference is
drastically reduced if the roughness of the alumina is
R < 0.03 µm. Moreover, many metals have high free
oxidation energy that gives very low values of
equilibrium pressure for oxide formation. Under
unsuitable working conditions (8, 9), the formation of
a thin film of oxide on the metallic surface inhibits
‘actual’ contact between the liquid metal and the
ceramic (10).

In Table 1, the contact angle values are given for
Au, Ag, Cu, and Zn, on graphite (11), vitreous silica
(12 - 14), silicon carbide (15) and boron nitride (12).
These types of ceramic materials, prevalently covalent,
have a close electronic configuration with strong inter-
atomic bonds, and were therefore chosen for evaluation
as crucible materials for melting gold alloys. The
principal components of the alloys: ie gold, silver and
copper, do not exhibit a great affinity for these types of
solids; in fact they have only weak physical interactions
with solid covalent substrates (except copper on silicon
carbide), as can be demonstrated by their contact angle
and by the values of the corresponding work of
adhesion, WA.

Surface Tension
From the expressions for WA, given in Equation 2,
there is a strict correlation between wettability and
surface tension. The surface tension of a fluid is a direct
measure of the intermolecular forces acting at the
surface and can be defined as the force per unit length
acting parallel to the free surface. Data are sometimes
expressed in terms of free surface energy, which is the
free energy per unit area of surface. For pure liquids, the
surface energy is numerically and dimensionally equal
to the equivalent surface tension, σLV. The surface
tension of pure molten metals depends on the strength
of the cohesive forces acting between neighbouring
atoms, and it can be related to other physicochemical
properties of the material. The surface tension of
molten metals tends to increase with increasing melting
point and a correlation between surface tension and
enthalpy of evaporation (16), compressibility, thermal
expansion, etc, can be expected. The principal
parameters affecting the surface tension are the
chemical composition of the bulk phases and the
temperature. The surface tension of any solvent can be
drastically reduced by the presence of relatively low
levels of certain solutes which are preferentially
adsorbed at the surface. Such solutes are called ‘surface-
active’ with respect to liquids. In general, for liquids the
surface tension decreases with increasing temperature
(ie negative temperature coefficient dσ/dT ) going to
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Figure 1 Interfacial parameters of a sessile drop
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THE GOLD ALLOYS: AU-AG-CU
AND AU-AG-CU-ZN 

As mentioned previously, the contact angle θ is
difficult to measure, especially in liquid metal-ceramic
systems, and the scatter of measurements is often very
large. The same trend has been observed for the
surface tension measurements (21). As stated
previously, some values of contact angles, surface
tension and density of pure metals are available in the
literature, but others have yet to be determined. The
situation is worst for the alloys: there is only very
limited original experimental data available on their
surface properties measured at high temperature (22 -
24), and predictions of density and surface tension of
ternary or more complex alloys need to be based on
them. An estimate of liquid alloy density at a given
temperature can be obtained from the molecular
weight and the molar volume of its components
obtained from the ideal solution model (25). In the
same way, the calculation of surface tension of liquid
alloys can be performed, based on solution models and
phase diagram data. In the literature, the surface
tension isotherm of liquid Au-Ag-Cu alloys has been
developed using perfect and regular solution models
(23, 26, 27). Both descriptions involve the input of
thermodynamic parameters of the ternary Au-Ag-Cu
system, its binary subsystems (Au-Ag, Au-Cu and Ag-
Cu) and its pure components and their surface tension

zero at the critical point: the variation often follows a
linear function law over a limited temperature range:

σ[mN/m] = σ° [mN/m] – dσ/dT (T – Tm) (4)

Despite its technological relevance, the temperature
coefficient of pure liquid metals is known to an
accuracy of only about ±50%, whereas the surface
tension is known to an accuracy of about ±5% (17).
This property is almost completely unknown for most
alloys, in particular for multicomponent industrial
alloys, due to the experimental difficulties involved, so
that very few data on the surface tension of complex
alloys measured at high temperature are available in the
literature, and data are often obtained by applying
model calculations (18). 

An overview of surface tension data of pure liquid
metals has recently been published (19). All available
values of experimental surface tension literature data
and the temperature coefficients (dσ/dT) for each pure
metal are reported, taking into account the type of
metal, its reactivity, the experimental procedure used,
the atmosphere composition used when determining
the surface tension, the temperature range and the
oxygen concentration present in the melt as the main
impurity. The surface tension values of liquid Au, Ag,
Cu and Zn reported previously (19) are given in Table
2, with the relationship of their densities to
temperature, as determined by Lucas (20).

Table 1 Wetting Parameters for Au, Ag and Cu on Different Substrates

Substrate Pure metal
T[°C] θ[°] WA [ mN]

C(Graphite) Au – – –
Ag 980 136 255 
Cu 1100 140 315

1500 142 20

SiO2 (Quartz) Au 1373 140 246
1353 143 227

Ag 1373 142 174
Cu 1423 128 474

SiC (sintered) Au 1063 148 –
Ag 960 127 –
Cu 1083 138 –

BN (cubic) Au 1100 145 175
Ag 1000 146 160
Cu 1100 137 360

BN (hexagonal) Au – – –
Ag 1000 140 200
Cu 1100 146 225
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data. According to data reported by Gallois et al (23),
the perfect solution model has been applied to a
mathematical representation of surface tension
isotherms of ternary gold alloys (Figure 2).

As is well known, the properties of the Au-Ag-Cu
alloys with average silver content, ie those in the
plateau of the miscibility gap, can be improved by
adding zinc, which acts as a deoxidant during the
melting process, lowers the melting points and tends
to reduce the melting ranges of these alloys, so the
quaternary Au-Ag-Cu-Zn gold alloys are usually used
in jewellery casting. It is not yet possible to compare
the calculations of surface tension of quaternary Au-
Ag-Cu-Zn gold alloys in the same manner as has
been done for ternary alloys, due to the complexity

of the thermodynamic models, that need data from
all subsystems, and the lack of experimental data.
Consequently, an estimation of their surface tensions
can be made only with respect to the influence of
zinc on this property: zinc reduces the surface
tension of gold alloys. In fact, high zinc losses from
the alloy have been observed during melting, due to
the high vapour pressure of this metal and its high
affinity for oxygen (28, 29). Thus the surface tension
values of quaternary gold alloys should be lower
than those of ternary gold alloys having the same
gold content.

EXPERIMENTAL
Methodology
The contact angle and the surface tension of some
precious gold alloys were measured by the sessile drop
technique (30). The sessile drop method
conventionally used to determine the surface properties
of liquid metals at high temperature was chosen
because it is particularly suitable for systems whose
contact angle is greater than 90° and because it allows
the surface tension and the contact angle to be
measured simultaneously. 

The sessile drop method is based on the measure of
the drop shape which is the result of the equilibrium
between the action of the gravitational field, which
tends to flatten the drop, and that of surface tension
which requires the smallest surface area. It is described
by Laplace’s equation, which relates the excess pressure
∆P at a curved surface or interface, with the principal
radii of curvature, r1 and r2, at a point on the surface:

1   1∆P = σ  – + – (6)r1 r2

Table 2 Surface Tension and Temperature Coefficient at the Melting Temperature and Temperature-Density Dependence of Au, Ag,
Cu and Zn

Pure Tm Density[20] (ρ) Surface tension[19] dσ/dT
metal [°C] [g/cm3] (σ(Tm)) [mN/m °.C-1]

[mN/m]

Au 1063 17.31–13.43.10-4 (T – Tm) 1138 -0.19

Ag 961 1 910 -0.17
0.1073+8.27.10-6 (T – Tm)

Cu 1084 1 1355 -0.19
0.1260+12.1.10-6 (T – Tm)

Zn 420 1  815 -0.25
0.15205+27.10-6 (T – Tm)
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1000
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950
920
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Figure 2 Iso surface tension lines of the Au-Ag-Cu system (23)
and surface tension experimental values of ‘Au14’ ( f)
and Au18 ( b) alloys at T=1108°C

[    ]
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Laplace’s equation can be rewritten in the more explicit
form, as proposed by Bashforth and Adams (31): 

βz 1      sinφ2+ –– =   ––– + ––– (7)
b (R/b)   (x/b)

where                    is the radius of curvature at the drop
apex, R is the radius of curvature and φ is the
inclination of the tangent at the point (x, z) (32). This
equation does not have analytical solutions, so the
parameters that appear in it, in particular the surface
tension, should be determined numerically, ie by
fitting this equation to the experimental drop shape.
The measured parameters are the equatorial diameter
and the distance between the equatorial plane and the
drop apex. In the last 100 years, the sessile drop
method has attracted the attention of a large number
of scientists, who have concentrated their research in
two areas: the numerical solution of Equation 7 and
the presentation of results in the form of handy
reference tables (33). The aim is to improve the
methods for measuring the shape of the drop with the
highest possible precision and to design an
experimental set-up which could guarantee extremely
clean and controlled physical-chemical conditions.

Computerized numerical calculations as well as
image analysis techniques are currently being
developed (34, 35), making the sessile drop method
more reliable, more accurate and thus attractive for
surface properties measurements. This method is
particularly suitable for high temperature systems but
it requires a knowledge of the real drop dimensions in

the micron range, a perfect axial symmetry of the drop
and extensive experimental precautions. The
experimental apparatus must be used under controlled
environmental conditions, ie a controlled working
atmosphere: high vacuum or inert gas, very low oxygen
content or monitored oxygen partial pressure using a
specific solid state oxygen sensor.

Materials and Procedures 
Surface tension and contact angle measurements were
made in a horizontal furnace which is heated by an
800 MHz high-frequency generator coupled to a
graphite heater and thermal shields. The measurements
were performed under an argon atmosphere (O2 <
0.1ppm). The temperature was measured using a
Pt/Pt-Rh thermocouple placed inside a small hole
drilled in the graphite support just below the
specimen, and had an accuracy of ±1°C. Samples of
gold (99.9999%, Marz-grade) and its standard alloys
(commercial-grade) were pre-melted under a vacuum
(P = 3 x10-5 mbar) at about 50°C above the melting
temperature. For the contact angle measurements a
pre-melted drop (~ 1 g) was placed on the substrate
plate and then inserted into the furnace so that the
true advancing angles could be measured. Resting on a
perfectly level substrate, the drop was illuminated by
an aligned light source and photographed using a high-
resolution film. The contact angle was read with a
metrological optical microscope with a resolution of 
±1°. Surface tension was measured in the same
apparatus putting the pre-melted alloy sample of about
4.5 g in a sapphire cup especially designed to assure the

[     ]
pgb2

β = ––– , bσ

Table 3 Compositions of Gold Alloys Used in this Work and their Melting Range and Liquidus Temperatures 

Alloy       Composition             Melting temperature range Liquidus
Metal [wt%] [at%] [°C] temperature [°C]

‘Au18’ Au 75.0 54.92 892 918 893
Ag 12.5 16.71
Cu 12.5 28.37

‘Au18/Zn’ Au 75.0 54.48 866 896 868
Ag 11.5 15.25
Cu 11.5 25.89
Zn 2.0 4.380

‘Au14’ Au 58.5 39.28 859 902 882
Ag 30.0 36.78
Cu 11.5 23.94

‘Au14/Zn’ Au 58.5 36.93 773 806 775
Ag 22.0 25.36
Cu 11.5 22.50
Zn 8.0 15.21
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best axis-symmetric conditions. A fast automatic
acquisition procedure (ASTRAR) (35) was used to
acquire the drop profile, giving the surface tension data
with an accuracy < 0.1% . The alloy densities were also
determined in this way, from their weight and their
measured volume at each temperature.

The compositions of gold alloys measured in this
work, and identified in the text as ‘Au18’, ‘Au14’, ‘Au
18/Zn’, and ‘Au14/Zn’ are given in Table 3, with their
melting range temperature values and the
corresponding ‘liquidus’ temperatures as determined
by differential thermal analysis (DTA). The contact
angles of gold and of its alloys were measured under
an argon atmosphere on commercial graphite (C),
vitreous carbon (VC), vitreous silica (SiO2-quartz),
sintered silicon carbide (SiC) and boron nitride (BN-
hexagonal), to verify whether these materials could be
interesting alternatives to those commonly used as
crucibles or containers in melting/casting processes.
The ceramic materials employed (commercial
graphite, vitreous carbon, vitreous silica, sintered
silicon carbide and boron nitride) were in the form of
plates of 15 mm diameter and 2 mm thickness, or
blocks (15 x 15 x 2 mm). They were ultrasonically
and chemically cleaned, then heated for 30 min at 
T > 1100°C. They were then polished consecutively
with 1200-, 2400- and 4000-grade silicon carbide
paper. The roughness of the substrates was measured
after polishing with a roughness meter with a vertical
resolution of 0.01 �m. The average height of asperity
of the plates is expressed with a roughness factor, Ra
and shown in Table 4. 

RESULTS AND DISCUSSION
Contact Angle
The contact angle values (θ) of pure gold and its alloys
were measured at two different temperatures (Table 4),
and they are higher than 130°, as clearly shown in

Figure 3. The contact angles of the ‘Au18’ alloy,
measured at 930°C and 1080°C are not significantly
different from each other. Quite similar behaviour is
found for the ‘Au14’ and the ‘Au18/Zn’ alloys. This
means that, under the conditions used, the interaction
between the metallic and the ceramic materials is
negligible and no chemical reaction occurs at the
interface. However, the contact angle value obtained
for the ‘Au18’ alloy on silicon carbide at 1080°C is
higher (164°) than the value obtained at 930°C (147°).
The contact angle values measured on SiC and on BN
are slightly greater than those measured on the other
ceramic materials, and indicate the lower adhesion
force between melt and substrate.

Density
The measured density values of the alloys were
determined for those used for the surface tension
measurements, and in the same temperature range.
The standard deviation of each isothermal set of
measurements was about 0.03 g/cm3. The variation of
density with temperature for the alloys: ‘Au18’,
‘Au18/Zn’ and ‘Au14’ are shown in Figure 4. It should
be noted that the presence of Zn (2.0 wt%) in the

Table 4 Contact Angles of Gold and its Alloys Measured on Different Substrates 

Substrate Ra θ [°] Au θ [°] ‘Au18’ θ [°] ‘Au18/Zn’ � [°] ‘Au14’

[�m] T=1080°C T = 930°C T=1080°C T = 930°C T=1080°C T = 930°C T=1080°C

Cgraph <0.20 154 ± 2 139 ± 3 139 ± 2 142 ± 2 143 ± 2 151 ± 2 145 ± 1.5

VC <0.20 141 ± 2 148 ± 3 148 ± 2 152 ± 3 153 ± 2 164 ± 2 150 ± 2

SiO2-qz <0.01 133 ± 2 140 ± 1 140 ± 3 149 ± 2 148 ± 3 132 ± 1 134 ± 1

SiCsinter <0.30 144 ± 4 147 ± 2 164 ± 4 150 ± 1 145 ± 3 148 ± 2 140 ± 1

BNhexag <0.20 141 ± 2 156 ± 3 153 ± 3 142 ± 2 141 ± 3 162 ± 2 159 ± 2

Commercial
Graphite

Au - T ~ 1080°C
‘Au 18’ - T ~ 1080°C
‘Au 18/Zn’ - T ~ 1080°C
‘Au 14’ - T ~ 1080°C

C
on

ta
ct

 a
ng

le
 [

°]

180
170
160
150
140
130
120
110
100

90
Vitreous
Carbon

SiO2 SiC BN

‘Au 18’ - T ~ 930°C
‘Au 18/Zn’ - T ~ 930°C
‘Au 14’ - T ~ 930°C

Figure 3 Contact angle values of gold and precious gold alloys
measured on different ceramic materials at T = 930°
and T = 1080°C under pure argon
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quaternary ‘Au18/Zn’ alloy, decreased the density with
respect to the ternary ‘Au18’ alloy having the same
gold content. The same behaviour was noted for the
‘Au14/Zn’ alloy in relation to the ‘Au14’ alloy, in which
this element is present at 8.0 wt%. Due to very high
volatility induced by the presence of Zn only two
measurements were possible at low temperature. 

Applying the linear regression to the results in
Table 5, the relationships between density and
temperature are obtained, and are expressed as follows:

ρ‘Au18’ [g/cm3] = 13.66 – 0.12 x 10-2 (T [oC ] – 893) 
(8)

ρ‘Au18/Zn’ = 13.59 – 0.21 x 10-2 (T – 868) (9)

ρ‘Au14’ = 12.39 – 0.26 x 10-2 (T – 882) (10)

Surface Tension
The surface tension of the precious gold alloys was
measured by the sessile drop method under an argon
atmosphere at different temperatures. Each surface
tension and density value (Table 5) reported for the
given temperature is the average of a large number of
measurements performed under isothermal conditions,
maintained at least for 15 min, so that they can be
assumed to be close to equilibrium. In each isothermal
zone, the measured surface tension showed a standard
deviation of about 5 mN/m around the reported mean
value. The surface tension of the ternary ‘Au18’ and
‘Au14’ alloys, obtained at T = 1108°C, have been
represented on the Au-Ag-Cu isothermal section
(Figure 2) together with iso-surface tension lines at 
T =1108°C, as calculated following Gallois et al. 
The measured values for surface tension of the ‘Au18’
and ‘Au14’ alloys are respectively σ = 1044 mN/m and
σ = 965 mN/m and the corresponding points lie on
the diagram between the iso-surface tension lines
which represent the surface tension values of 1025
mN/m and 1050 mN/m and between those which
represent the surface tension values of 950 mN/m and
975 mN/m.

As already mentioned, only two measurements
were performed for the alloy ‘Au14/Zn’ due to the very
high volatility of Zn. The surface tension behaviour of
the gold alloys between 930°C and 1108°C is shown as
a function of temperature in Figure 5. The temperature
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Figure 4 Density of the gold alloys as a function of temperature
[(1) – ‘Au18’; (2) – ‘Au18/Zn’; (3) – ‘Au14’]

Table 5 Experimental Density and Surface Tension Values of Gold Alloys Measured between 830 and 1108°C under an Argon
Atmosphere 

Temperature ‘Au18’ ‘Au18/Zn’ ‘Au14’ ‘Au14/Zn’

[°C] ρ [g/cm3] σ [mN/m] ρ [g/cm3] σ [mN/m] ρ [g/cm3] σ [mN/m] ρ [g/cm3] σ [mN/m]

830 – – – – – – 11.91 971

930 13.61 1064 – – 12.29 999 11.88 962

950 13.60 1065 13.43 984 – – – –

980 13.57 1067 – – 12.11 996 – –

1000 – – 13.30 1005 – – –

1030 13. 49 1054 – – 11.97 989 – –

1050 – – 13.20 1027 – – –

1080 13.44 1047 – - 11.88 973 – –

1108 13.43 1044 13.10 1033 11.81 965 – –
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dependence of the gold alloys ‘Au18’ and ‘Au14’ can be
expressed by the following equations referring to the
liquidus temperature:

‘Au 18’: σ [mN/m] = 1071.3 – 0.124 (T – 893) (11)

‘Au 14’: σ [mN/m] = 1013 – 0.196 (T – 882) (12)

The standard deviation is less then 1%. On the other
hand, the surface tension of the ‘Au18/Zn’ alloy in the
temperature range between 930°C and 1108°C, shows
a standard deviation of about 2%. The surface tension
values of this alloy, containing 2 wt% of Zn, are lower
than those of the ‘Au18’ alloy with the same gold
content, due to the tensio-active effect of the Zn. At
higher temperatures, the influence of evaporation
effects on the surface tension behaviour is more
pronounced: the alloy loses the zinc due to the high
volatility of this element and tends to reach the
corresponding surface tension value pertaining to the
alloy with the same gold content but without zinc. As
each set of surface tension measurements for each
given temperature was performed under isothermal
conditions and maintained for several minutes, no
variations in surface tension were observed during each
step; but an increase in surface tension over
temperature is observed and as a consequence a
positive value (+ 0.322) of the temperature coefficient
(dσ/dT) is obtained. This increase is due to the effect
of the Zn, without any kinetic contribution. On the
other hand, in the case of the ‘Au14/Zn’ alloy having 8
wt% of Zn, our experimental data showed a decrease
in surface tension, confirming the tensio-active effect

of this element : the difference of the surface tension
values for two alloys with the same gold content but
with different amounts of zinc, was about 30 mN/m
at 930°C. Above this temperature, the evaporation
effects made further measurements impossible. The
different behaviour of ‘Au18/Zn’ and ‘Au14/Zn’ alloys
can also be interpreted by taking into account the
larger zinc concentration in the ‘Au14/Zn’ alloy, which
allows a sufficient surface zinc concentration to be
maintained with a consequent low value for the
surface tension.

CONCLUSIONS

The wetting behaviour of some typical liquid Au-Ag-
Cu alloys has been studied and their contact angles on
some ceramic materials determined. All of the contact
angles are higher than 130°: this means that, under the
conditions used, the interactions between the metallic
and ceramic materials are negligible and that no
chemical reaction occurs at the interface. The
comparison of contact angle values, measured on
ceramic samples of the same surface roughness,
indicates that there are no strong differences between
pure gold and its alloys. An exception is represented by
the contact angles of the alloys measured on SiC and
BN under argon, which reveal a slightly lower
adhesion in these cases. Consequently, from viewpoint
of wettability, all the ceramics investigated seem to be
suitable for use as crucible materials in goldsmith
melting processes, with perhaps a slight preference for
SiC and BN, taking into account their mechanical
properties. Moreover, the variation of surface tension
of the ‘Au18’ and ‘Au14’ gold alloys as a function of
temperature under an argon atmosphere can be
accurately represented by the Equations 11 and 12,
and the density values determined during the same
experiments show a good correlation. In spite of the
fact that the density shows a good correlation, the
surface tension of the ‘Au18/Zn’ alloy behaves
differently and shows a positive temperature coefficient
due to the presence of Zn.

On the basis of the experimental results obtained
in this work, some basic tools are now available to
assist in correctly performing melting processes used by
goldsmiths. The melting processes should be
performed under rigidly controlled environmental
conditions: ie pure argon or inert atmosphere, high
quality basic materials, accurate temperature control.
However, further accurate measurements of
thermophysical properties such as surface tension,
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Figure 5 Surface tension of the gold alloys as a function of
temperature [(1) – ‘Au18’; (2) – ‘Au18/Zn’; (3) –
‘Au14’] 
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density, viscosity, heat of solidification, and thermal
conductivity are needed for a large number of gold
alloys to better characterize the melting/casting
processes used in the jewellery industry. 
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