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In recent years, increasing attention
has been given to calcium sulphate
(gypsum)-bonded investment,
commonly used for investment
casting of carat gold alloys.
Experimental research has shown
that a deeper knowledge of the
properties of this material is very
important, because it can lead to
discomforting failures, if not correctly
handled. Only stringent control of
chemical reactions, temperature and
atmosphere enables high quality
castings to be obtained consistently,
with simultaneous reduction of
production cost.

Refractories and mould
preparation
The most commonly used investment
material for casting gold and silver
alloys is a mixture of 25-30% calcium
sulphate hemihydrate, 2CaSO4.H2O
(gypsum), that acts as a binder, and
70-75% silica (the actual refractory
material) in the form of quartz and 
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�-cristobalite. The morphology of the
components is shown in Figure 1,
where the elongated crystals are
gypsum (spectrum B) and the
fragmented particles with the typical
conchoidal fracture are silica
(spectrum A). The relative amount of
quartz and �-cristobalite will affect
the characteristics of the mould,
because these silica phases 
have different thermomechanical
properties – phase transition
temperature and thermal expansion
coefficient [1] - as it can easily be seen
in the graph of Figure 2.

The analyses carried out in the
CNR laboratories have shown that the
quartz/�-cristobalite ratio can change
from one supplier to another and
even in the same batch of investment;
for example, between top and
bottom of the same drum. In this way
a variability of the physico-chemical
properties can arise that could affect
the performance of the investment.
For example, it could give rise to

small cracks that affect adversely the
quality of the cast material.

The preparation of the invested
mould for casting is one of the most
critical steps in the investment casting
process [2 - 4]. It consists of a
succession of tightly connected steps
that require a strict compliance with
some very simple rules that, in spite
of their simplicity, or, maybe because
of it, are often neglected or simplified
by the goldsmith. We place emphasis
on the concept that it is necessary to
use investment powder coming from
qualified producers and to comply
strictly with the procedures
recommended by the producer, to
obtain a good and consistent quality
level of moulds and castings. Usually,
qualified producers carry out
research work into the performance
of their investment powders and the
procedures recommended for the
use of their products are the result of
this work. Therefore, it would be
unwise to disregard these

Figure 1 - Micromorphology of
investment powder. EDS microanalysis
enables to differentiate silica grains
(Spectrum A) from calcium sulphate
crystals (Spectrum B)
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Figure 2 - Thermal expansion of silica as a function of temperature - From Phase
diagrams for Ceramists, Ed. R.L. Stone, American Ceramic Society (1947) p. 19
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recommendations if we want to
obtain a good quality mould.

The first step for investing is the
mixing of the investment powder
with water. The powder should be
smoothly added to the weighed
amount of water and gently mixed
under a moderate vacuum (some
tens of torr) for producing a
homogeneous slurry, which should
be sufficiently fluid and free from air
bubbles. Preferably, deionised or
distilled water with controlled
temperature should be used. We
emphasize that mechanical mixing of
water with the investment powder
should not be too vigorous, because
gypsum crystals, which have been
subjected to dehydration and
cleavage during the production
process, could be subjected to further
fragmentation. A too vigorous
mechanical mixing action could
break the gypsum crystals along the
cleavage planes, which are visible as
thin layers in the micrograph of
Figure 1.

Then the slurry is poured in the
metal flask containing the wax tree.
This operation is also carried out
under moderate vacuum (some tens
of torr) to obtain a slurry free from air
bubbles and in good contact with the
wax patterns. The flasks should then
be left to rest, without movement, for
at least one hour and a half, to allow
complete setting of the slurry.

Dewaxing and burnout are the
subsequent steps. The tests carried
out up to now show that steam
dewaxing is preferable, because wax
removal is more efficient and the
thickness of investment impregnated
with wax is reduced practically to nil.
Therefore, there will be little wax left
in the mould that could give rise to
the formation of reducing gases
(mainly CO) in the mould during the
burnout process. These gases can
favour thermal decomposition of the
gypsum, CaSO4, and the formation of
gas porosity.

The disadvantage of steam
dewaxing is the fragmentation of
calcium sulphate crystals that takes
place at least on the investment
surface exposed to the steam.
Subsequently, this surface comes into
contact with the molten metal. This 
is the place where thermal
decomposition of calcium sulphate
can occur.This fragmentation effect

The compositions of the
investment surface after different
dewaxing processes are compared in
Figures 3 and 4. The microchemical
compositions of the investment
surface are given after dry dewaxing
followed by burnout in a furnace
with forced air circulation and after
steam dewaxing followed by burnout
in a conventional furnace. The
comparison shows that considerably
more carbon is present on the surface
of steam dewaxed investment than

can increase the reactivity of the
calcium sulphate crystals, by
lowering the thermal decomposition
temperature and favouring the
formation of gas porosity.

In contrast, it has been observed
that dry dewaxing, especially if
burnout is carried out with forced air
circulation, enables all wax residues
to be burnt off completely and leaves
the size and thermochemical
properties of gypsum crystals
unchanged.
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Figure 3 - Microchemical surface composition of the investment after dry dewaxing and
burnout with forced air circulation
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Figure 4 - Microchemical surface composition of the investment after steam dewaxing
and burnout without forced air circulation
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on the surface of the investment after
dry dewaxing and burnout in an air
circulation furnace. In the latter case,
wax residues on the investment
surface are completely burned to
form carbon dioxide. On the other
hand, steam dewaxing, followed by
burnout in a conventional furnace
(without forced air circulation),
appears to be unable to remove
carbon from the investment surface
completely.

The morphologies of the surface of
the investment after the different
dewaxing and burnout processes are
shown in the Figures 5 and 6. After
steam dewaxing, calcium sulphate
crystals are considerably fragmented,
at least on the investment surface. It
is evident that burnout with forced air
circulation, coupled with dry
dewaxing, gives the investment
mould a surface that is less reactive
and less contaminated by carbon.
This surface will later come in contact
with the molten metal. Very
probably, the fragmentation of
calcium sulphate crystals is confined
to the mould surface. The
permeability tests carried out by FEM,
the German Institute for Precious
Metals, have shown that, after
burnout, there is no difference in gas
permeability between steam
dewaxed and dry dewaxed flasks.
Consequently the internal structure of
investment should  be the same in
both cases, Figure 7. However, there

should be a difference in the
reactivity of the surface, where the
reaction leading to gas emission can
take place.

We should say that, in the
workshop where the steam dewaxing
tests were carried out, a burnout
furnace with forced air circulation
was not available. It is probable that
with forced air circulation
contamination of mould surface by
carbon would not have been
observed. Moreover, the final
properties of the investment depend
on the burnout cycle, and particularly
on length and temperature of the
different parts of the heating cycle [2
- 5]. Some typical burnout cycles, as
recommended by the producers of
the investment types we have
examined (Ransom & Randolph,
Kerr, Hoben International, Caster),
are shown in Figure 8. 

The effect of burnout cycle length
and temperature on the thermal
decomposition temperature of
calcium sulphate is shown in Figure
9. The burnout cycles recommended
by the different producers vary, but
the data resulting from research work
carried out by CNR suggest that the
commonly recommended peak
burnout temperature may give the
investment less favourable thermal
characteristics, because the calcium
sulphate decomposition temperature
has become about 30°C lower. The
highest gypsum decomposition

Figure 5 - Micromorphology of
investment surface after steam dewaxing
and burnout in air at 600°C

Figure 6 - Micromorphology of
investment surface after dry dewaxing and
burnout in air at 600°C

Figure 7 - Micromorphology of
investment interior after steam dewaxing
and burnout in air at 600°C
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Figure 8 - Typical burnout cycles recommended by the producers of the considered
investment brands (Ransom & Randolph, Kerr, Hoben, Caster)
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temperature has been obtained with
peak burnout temperature of about
600-650°C.

Moreover, the graph of Figure 9
shows that a good resistance to thermal
decomposition is also obtained with a
10 hour burnout at 900°C.  This effect is
not real, because it is caused by partial
thermal decomposition of gypsum
during the burnout at 900°C. At 900°C,
the thermal decomposition of calcium
sulphate takes place very slowly:
decomposition products form a very
thin layer on gypsum crystals and
apparently slow the decomposition
process.

In conclusion, provided the
preparation of the slurry is in
accordance with the practice
described above, the chemical and
physical experiments carried out to
date suggest that the best thermo-
chemical properties are obtained with
the use of forced ventilation during the
burnout cycle and the adoption of a
burnout peak temperature of about
600°C.  Such practice should help to
decrease the incidence of some typical
defects and, consequently, to improve
the quality level of jewellery products.
It is still not clear, from the standpoint
of the final product, whether there is a
real difference between the two
dewaxing processes. The tests indicate
a ranking that goes in a direction
opposite to previous experience.
Moreover, further experimentation
should be carried out with production

tests to verify the benefits on the
quality level of the final product that
could be obtained from a peak
burnout temperature of 650°C.

Equipment: burnout furnaces
The advances in our knowledge of
the characteristics and behaviour of
the refractory materials used in
investment casting have shown that
these materials, particularly gypsum-
bonded investment, are not truly
refractory. If not correctly handled,
they can give rise to a variety of
defects, and the most dangerous of
these originate from an incorrect
burnout cycle. Therefore, the
research on these materials should
also imply a critical revision of the
equipment used for burnout. The
importance of air circulation during
mould burnout to guarantee the
complete removal of wax residues
left after dewaxing and the
importance of temperature control
have already been discussed.

Many different furnace types for
burnout are commercially available.
Most of them are of quite simple
design and they are frequently
equipped with very elementary
temperature control systems. Very
often, high heating and cooling rates
are claimed to be beneficial but, as
we will see later, we do not believe
that a high heating rate to be a very
useful characteristic.

Many furnace manufacturers
recommend rotary hearth furnaces as a

means to improve temperature
homogeneity in the work chamber,
because the charge of flasks is always
moving. In our opinion, this advantage
is only partially true. Temperature
measurements carried out in different
industrial furnaces, including rotary
hearth furnaces, have shown that,
under normal work conditions and in
some phases of the burnout cycle,
there can be temperature differences
up to 50-70°C among the different
zones of the work chamber [6]. In this
connection, we should take into
account that usually the resistance
heating elements are placed on the two
side walls of the furnace and the front
is occupied by the door. Generally,
furnace manufacturers are unable to
give information on the temperature
evolution in the flasks during burnout.
The temperature in the flasks, which is
a very important and deciding
parameter, is taken for granted and
considered identical to the furnace
temperature. This view is also not
completely true, particularly when
“rapid” furnaces are considered.

On this subject, the study of
recurrent defects in some white gold
castings showed that defects were
more frequent in the outer sides of
the flasks, situated on the outside of
the overall charge and so more
exposed to direct radiation by the
heating elements. In these zones,
temperature inhomogeneities (high
temperatures) can occur more easily.

Optimised furnace design
The characteristics required for an
improved design of burnout furnace
have been considered and priority
has been given to attaining ‘perfect’
temperature homogeneity in the
work chamber. In this way, the
occurrence of defects caused by
incorrect investment burnout should
be minimized. Many manufacturers
claim perfect temperature
homogeneity in their furnaces but,
sometimes, it is not clear how
temperature homogeneity claims
have been verified.
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Figure 9 - Effect of burnout temperature and length on calcium sulphate thermal
decomposition temperature
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Different furnace types have been
considered. For example, there is a
jewellery company in the USA that
casts more than two hundred flasks a
day and produces cast jewellery
showing a very high metallurgical
quality. In this company, burnout
furnaces are heated by gas burners
that promote good gas stirring in the
heating chamber atmosphere
resulting from a forced air circulation
effect. This effect is very important to
guarantee true temperature
homogeneity and faster heat
exchange between the furnace
atmosphere and the charge.
However, these furnaces are much
larger than the equipment we are
looking for, i.e. a furnace designed
for treating no more than fifteen
flasks at a time. In this case, gas
heating is not suitable. A better
solution to the problem could be
achieved by use of an electric furnace

with forced air circulation. Furnaces
of this type are commonly used for
the heat treatment of steel, where
precise temperature control is
essential [7].

There are three ways for heat
transmission: conduction, convection
and radiation. In a furnace of the type
we consider, heating takes place
mainly by convection and/or
radiation. In the temperature range of
interest (700-800°C), convection
prevails over radiation. Radiation is
more important at higher
temperatures. In our temperature
range, only a part of the heat is
transmitted by radiation. Forced air
circulation accelerates heat
transmission by convection.
Moreover, if properly designed, it
improves also heat exchange
between air and resistance heating
elements: air is pushed on the
heating elements and absorbs heat
more readily. In this way, the heating
elements are protected from local
overheating and will last longer.
Lastly, the flasks will always be
surrounded by an atmosphere with a
very homogeneous temperature and
will be uniformly heated from all
sides, independently of their position
in the furnace chamber and proximity
to the heating elements.

The drawing of the selected furnace
is shown in Figure 10 [6]. This furnace
has a circular horizontal section and is
equipped with a heat resistant nickel

superalloy fan and a superalloy shield
between the electric resistance
elements and the furnace chamber.
The shield prevents direct radiation
heating from the heating elements to
the flasks. The fan is placed on the
ceiling of the furnace: it sucks the air
from the top of the furnace chamber,
pushes it on the hot heating elements
and back in the furnace chamber
through the bottom. In this way, very
good temperature homogeneity is
obtained in the work chamber and, last
but not least, complete combustion of
wax residues in the flasks is facilitated,
minimising the probability of
investment decomposition and
consequent defect formation in the
castings.

To minimize heat loss, the furnace
door size has been kept as small as
practible, without detriment to ease of
operation. The door is opened with a
foot lever drive, allowing hands free
operation by the operator and for
minimizing opening time. To make the
insertion and extraction of the flasks
more easy, the bottom of the work
chamber can be rotated by hand. 

The candle type resistance heating
elements are made of silicon carbide
(Kanthal’s most recent type) and are
regularly placed all around the
circumference of the furnace wall.
The energy input to the heating
elements is controlled with thyristors,
so that it is adjusted proportionately
to the working temperature. In this
way temperature control is more
accurate and smoother than with
usual on/off regulator systems. The
furnace is equipped with a
temperature programmer and there is
a double temperature control system
with two thermocouples. One
thermocouple is placed near the
heating elements and the other in the
heating chamber. 

The temperatures are recorded
with a multi-channel recorder. This
also allows recording of temperature
readings inside the flasks, if they are
equipped with suitable
thermocouples. In our work, some
flasks have been equipped with five
thermocouples placed inside the
flasks in different points, Figure 11.
Three thermocouples have been
placed halfway between the top and
the bottom of the flask, one near the
main sprue, one 10 mm from the
outer wall and one at half-radius of
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Figure 10 - Drawing of the burnout furnace built for Pomellato
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the flask. Two more thermocouples
have been placed at half-radius of the
flask, one at 20 mm below the lower
end of the button and one 25 mm
above the bottom of the flask.

These flasks have been steam
dewaxed and placed in the burnout
furnace, which was preheated to
150°C. The temperature evolution in
the flasks, measured by the various
thermocouples placed in different
positions in the flasks, was compared
with the furnace temperature, Figure
12. We see that, when furnace
temperature reaches 250°C (when a
holding time is programmed), the
temperature of the thermocouple
near the outer wall of the flask is 40°C
lower than furnace temperature.
There are insignificant differences
among the temperature readings of
the other four thermocouples which
show readings 80°C lower than
furnace temperature. Inside the flask,
the temperature shows a one and a
half hour delay before reaching
equilibrium with furnace
temperature.

When the furnace temperature
starts rising again, the investment
temperature shows a delay of about
half an hour before starting to
increase. Therefore, the flask is held
at 250°C for only two hours, in
comparison with a three hours
holding time of the furnace. When
the furnace temperature reaches the
peak burnout temperature of 735°C,
the temperature near the outer wall
of the flask is 20°C lower and
temperature in the inner part of the
flask is 80°C lower than furnace
temperature. Again, equilibrium with
furnace temperature is reached after
one and a half hours.

When the furnace temperature
starts decreasing, the flask
temperature shows a half an hour

delay. Therefore, the investment is
held at 735°C for about 3 hours, in
comparison with a 4 hours holding
time of the furnace. During cooling
(furnace temperature decrease), the
temperature reading of the
thermocouple near the outer wall of
the flask is always 20°C higher than
furnace temperature. Inner flask
temperature is 40°C higher than
furnace temperature. After 1 hour
holding time at 500°C, the
temperature of the whole flask can
be considered homogeneous and in
equilibrium with furnace
temperature.

Therefore, we see that the time
required for the burnout program is
dictated by the investment mould and
a “rapid” furnace could even be
detrimental, because it does not give
the flasks enough time to reach
thermal equilibrium.

If we observe the graph, Figure 2,
and consider the different silica
phase transformations that take place
in the investment at specific
temperatures during the burnout
cycle, we can realize that high
thermal gradients can give rise to
inhomogeneities in the flasks. There
can be zones where the
transformations are occurring and
zones where the transformations
have not begun or have already been

completed: this can give rise to
mechanical stress and crack
formation.

Complete reliability of the furnace
and accurate temperature control are
fundamental for the success of the
investment casting process, in
particular when dealing with
complex alloys and intricately shaped
moulds. We should remember that
we are working in a “temperature
system”, where flask temperature
(controlled by the burnout furnace)
and molten metal temperature
(controlled by the casting
equipment) are interdependent. They
should be selected as a function of
alloy type and of the shape and size
of the items to cast. Quite often, a 10-
20°C temperature change can make
the difference between success and
failure.
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Figure 11 - Positioning of thermocouples
in the flask

Figure 12 - Temperature evolution in empty furnace during burnout cycle and
comparison between temperature evolution in the furnace and in the flasks (readings
from the thermocouples, Figure 11) with two different conditions of furnace filling
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Conclusions
The “in depth” study of refractory
materials used for making the moulds
for investment casting and the
improved knowledge that has been
obtained have enabled the design of
an ‘ideal’ a “reference furnace” for the
burnout process. In our opinion this
furnace allows one to minimize the
probability of casting defects which
are caused by an incorrect
investment burnout.

We believe that the furnace design
shows the direction for development
in the jewellery industry, although we
accept that this furnace is not the only
suitable solution.

As regards the investment powder,
the analyses carried out on different
well known commercial brands
showed that there can be some
variability in the proportions of the
various components, even in the
same batch of powder.

To obtain consistent mould quality,
the use of distilled or de-ionised water
for making the slurry is recommended
and the water and investment
temperatures kept to within a narrow
range, under strict control.

The effects of the dewaxing
method and of burnout temperature
reduction on final product quality
require further study.
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A FIRST CLASS INVESTMENT
When you invest in Ransom & Randolph, you invest in 
something predictable, yet out of the ordinary. You’ll soon 
discover that our Ultra-Vest® jewelry investment is a secure
and profitable venture. You’ll always get easy quench and easy
clean-up. You’ll reduce your risk of losing valuable gold. And
you’ll be assured of R&R’s commitment to on going 
research and testing. Those are the predictable returns with 
a smart investment in Ultra-Vest.
But with R&R’s Ultra-Vest, you also get something extraordinary.
Ultra-Vest offers great, compound dividends, like extremely high
quality, absolute consistency, and an unerring ability to be
process forgiving. Ultra-Vest results in products with smoother
surfaces and less finishing. It’s the singular choice for all non-
ferrous metals. That’s an extraordinary return on a 
simple investment.
Discover how Ultra-Vest and other R&R 
products can produce a lifetime of quality 
returns for you. Visit our website at 
www.ransom-randolph.com. Go to Jewelry for 
a quick survey and a special offer just for you.
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