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Abstract

Investment casting is one of the oldest manufacturing processes, dating back thousands of years, in which
molten metal is poured into an expendable ceramic mold. It's one-to-one process: one ceramic shell patterns produces
one part. In investment casting ceramic shells are formed by using a wax pattern (a disposable piece in the shape of the
desired part). The pattern is surrounded, or "invested", into ceramic slurry that hardens into a furnace. Investment casting
is often referred to as "lost-wax casting" because the wax pattern is melted out of the shell after it has been formed. Lox-
wax processes are one-to-one (one pattern creates one part), which increases production time and costs relative to other
casting processes. However, since the mold is destroyed during the process, parts with complex geometries and intricate
details can be created.

Shell heating and cooling involve the not well-defined shell’s thermo-physical properties; the ceramic shell
thermo-physical properties deserve particular attention on because the shell represent the interface between super-alloy
and the ambient during pattern cooling. Consequently knowing shell properties helps to simulate the heat transfer
evolution to improve process yield. In heat transfer processes are involved a high number of parameters, in particular the
works deals with convective heat transfer coefficient, ceramic conductivity and volumetric specific heat assessment.

Of course, since the EMA investment casting involves a wide range of temperature, will be take in account the
property temperature dependence Moreover, since investment casting is one-to-one process, the shell is always
different, hence the new measurement method has to be quickly fast and robust also to use it as a statistical check.

Since last century many thermo-physical properties measurement techniques were developed. In particular, for
thermal diffusivity the flash and laser flash method [1-4] are widely studied and used, but many other methods are
possible: photo-thermal [5], lock-in thermography [6-9], laser interferometer [10] or other methods based on a continuous
heat source [11] . Also some comparisons among different methods are reported in literature [12]. All these methods are
contactless and it's often used an infrared detector to evaluate surface temperature, but they are studied and tested at
relatively low temperature and in little temperature ranges. Moreover nobody had ever developed a measurement
technique by means of which it is simultaneously possible to assess convective heat transfer coefficient, thermal
conductivity and volumetric specific heat (consequently thermal diffusivity) and to evaluate the temperature dependence
of this properties.

An unsteady technique based on IR thermography measurements is proposed to quickly evaluate ceramic shell
thermo-physical properties. The method has been developed for low-diffusivity materials as well as for the ceramic
materials self-made by E.M.A. S.p.A. for gas turbine blade manufacturing by investment casting. A ceramic sample is
heated up to about 1000°C and cooled in quiet air at room temperature while an infrared camera and a pyrometer detect
the time dependence surface temperature.

Cooling of an infinite isotropic slab can be described by boundary balance for unit area of heat transfer:

pesSe=—h- (Ty = T..) — (T = T4) (1)

where ¢ = 5.67-1078 # is Stefan-Boltzmann constant, p, ¢, € are respectively the slab material density,
specific heat and emissivity, s is slab thickness, h convective heat transfer coefficient, T, T, and T,, are respectively
mean temperature along thickness, heat transfer surface temperature and room temperature. In fig.1 is shown the
ceramic slab sketch in cooling.

Making some mathematical steps and reasonable approximations [13] the equation (1) become:
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Comparing experimental data against the theoretical curve and minimizing the quadratic difference between
them it's possible evaluate the unknown parameters y, ¢, and so thermal diffusivity a (pc product) conductivity k and
convective heat transfer coefficient h.

The experiments are carried out in E.M.A. S.p.A. because both its furnaces are able to reach nearly 1000 °C
and material specimen is unique and made only by EMA.

Test specimens were manufactured to simulate the cooling process of a infinite slab (two dimension much
greater than other one). So we can neglect conduction loss in two directions and make use of equation (2).

Ceramic slab is heated up to about 1000°C in EMA furnace and cooled in quiet air at room temperature.
Experimental cooling curves are tested in ranges greater than fifty degrees in which we consider constant all thermo-
physical properties and are compared with theoretical curves seen above. In this way we can obtain the parameters at
high temperature and temperature dependence in a wide temperature range.

The present work shows how it's possible to make easier the monitoring of the main ceramic shell thermo-

physical property necessary for investment casting, making use of instruments normally present investment casting
industries.
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Fig. 1. Ceramic Slab Fig. 2. Experimental Apparatus
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