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This knowledge is very important in determining the maximum period of time to assure the minimum required preheating 
temperature of the ceramic shell. If the casting process is delayed, there should be a strict time limit after which the shell 
has to be return back to the preheating furnace. The minimum preheating temperature is determined by a technologist or 
by a metallurgist. [3, 4, 5, 6] 
 
2. Experimental part 
 
Following calibrated devices and equipment were used for measurement: 
 

�x Thermographic camera  FLIR T640 + evaluation software TOOLS+ 
�x Contact thermometer Ahlborn Therm 2420 with thermocouple FT 106 
�x Stopwatch 
�x Tape measure 

In the case of uninsulated shell there were used only parameters related to ceramic material. It means especially the value 
of emissivity = 0,97. The rest of changeable values were set the same for all measurement (apparent reflected temperature 
= 30 °C, distance = 2 m). 
 
To all points of the figures in this paper there are assigned the same following parameters: 
 

Ceramic shell (Zr+)  
Emissivity 0,97 

Apparent reflected temperature 30 °C 
Distance 2 m 

Insulation (Sibral) 
Emissivity 0,36 

Apparent reflected temperature 30 °C 
Distance 2 m 

 
Table 1. Set parameters for thermographic analysis 

 
2.1. The cooling process of ceramic shell A 
 
The measurement of cooling rate of ceramic shell A was executed in two variants. 

�x First, the mould was as fast as possible transported from the preheating furnace to the bottom chamber of vacuum 
furnace to simulate real casting conditions. The bottom chamber was immediately closed and the space was 
evacuated. In this case, vacuum does not refer to a state where there is no atmosphere at all (absolute vacuum), 
but rather, is simply a specific space where the gas pressure is less than atmospheric pressure. As a result, the 
degree or level of vacuum is quantified in terms of pressure (this case p = 10-6 bar). Three thermal images were 
captured. First one after taking the mould out of preheating furnace, second one just before place to the chamber 
of vacuum furnace and the last thermal image (as it is shown in the figure 1) is taken immediately after being 
removed from the chamber. It took 251 seconds since removing the ceramic mould from the preheating furnace 
to opening the vacuum furnace. The temperature decreased from 1085 °C to 668 °C, it means that the ceramic 
shell cooled down by 417°C. 
 

 
 

Fig. 1. The thermal image of ceramic shell A 
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From the Fig. 4 is obvious, that area around root is cooled down faster than the area near to pouring basin. The reason is 
probably thinner shell around the external rounding and the fact, that this area is exhibited to surrounding relatively cold 
atmosphere. It is an opposite situation in compare to the second evaluated area Bx2, where the shape of the ceramic shell 
is characterized by internal rounding closed to environment and probably thicker shell. 
 
2.3. The cooling process of the ceramic shell C 
 
The ceramic shell C with 11 slurries was evaluated in area shown in the Fig. 6, this thermal image was captured 4 minutes 
after being removed from the preheating furnace and shows the differences in temperature between areas near to the warm 
centre and parts, which are exhibited to environment. The most obvious it is around the top and bottom of pouring basin. 
 

 
 

Fig. 6. The thermal image of ceramic shell C 

 
In the Table 4 there is a list of values of temperature depending on time for cooling process of the ceramic shell C. 
 

Cooling rate of the ceramic shell C - 11 slurries 

Time [s] Temperature 
[°C]  Time period [s] Avarage decrease [°C/s] 

30 880,88 6 to 30 5,47 
60 788,10 31 to 60 3,09 
90 732,28 61 to 90 1,86 
120 686,25 91 to 120 1,53 
150 652,32 121 to 150 1,13 
180 616,51 151 to 180 1,19 
210 588,51 181 to 210 0,93 
240 561,93 211 to 240 0,89 
270 541,56 241 to 270 0,68 

300 518,54 271 to 300 0,77 
 

Table 4. The cooling rate of ceramic shell C 
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