
 PTCR 
Technique & Application

1. What is a PTCR?
A PTCR is a ceramic device that registers the total amount 
of heat transferred to it. Because of the advanced technique 
and materials applied and used for this product, it gives a fair 
representation of the real heating process taking place in a 
kiln at the location of the ring. PTCR helps to achieve a 
reliable, outstanding and regular quality level. 

The actual set temperature of a kiln during a firing process, 
as measured by thermocouples, does not give any 
guarantee of the repeatability of process conditions which of 
course will harm the quality of the products. A thermocouple 
merely gives a specific spot temperature, which is not the 
same temperature as the one at the position of the product. 
The ultimate temperature of the product is determined by the 
total transferred heat. This is not measured by the 
thermocouple. Besides, the same set temperature in 
different kilns or kiln layouts does not guarantee the same 
heat treatment. 

The PTCR has been developed to give a better 
representation of the firing processes to allow a tight control 
of the real amount of heat transferred, taking into account 
the above described influences. 

The PTCR measures the total heat transferred to the ring, by 
means of conduction, convection and radiation. It takes into 
account different firing conditions that may occur in a kiln 
such as heat sinks, temperature gradients, gasflow, heat 
transfer coefficient, time, kiln setting, etc. Because of total 
heat measurement, the repeatability of the process is 
assured and thus so quality level of the product. 

2. How does a PTCR work?
The PTCR is a ceramic ring which shrinks if it is exposed to 
heat. The degree of shrinkage depends on the actual 
temperature in the kiln, the heat transfer properties of the kiln 
and the time it is exposed to the heat treatment. 

The measured shrinkage is converted by means of a chart 
into a Ring Temperature (RT) which is an effective 
temperature that describes the total amount of heat 
absorbed by the ring and also by the products. The observed 
Ring Temperature is an effective temperature for the total 
firing cycle, which has neither direct relation to the absolute 
temperature in degrees Celsius, Fahrenheit or Kelvin nor any 
direct relation with the set temperature. The PTCR 
temperature reading is further influenced by the top 
temperature hold time (soak time). 

At a constant temperature the PTCR will continue to shrink, 
leading to a higher RT reading. There is a maximum to the 
hold time, during which the ring will continue to shrink. The 
maximum hold time, which is typically between 0.5 and 10  

hours, depends on the type of ring used and the actual 
temperature compared to the temperature range of the ring 
under consideration. Using the PTCR beyond this maximum 

hold time may lead to erroneous results because the PTCR 
ceases to shrink further on a certain moment.  

3. When to apply PTCR?
Because of its specific properties, PTCR has a wide range of 
different applications for different purposes. It is a perfect 
means for the determination and maintenance of the exact 
heat treatment by the product. 

The main application purposes are 

A) Process control and optimization

B) Trouble shooting

C) Yield improvement

D) Improvement of product quality

E) Reduction of inspection time and costs

F) Quality assurance

A) Process control and optimization

The most frequent use of PTCR is in optimizing and 
managing the firing processes to arrive at the optimal 
product quality and to assess the thermal performance and 
characteristics of a kiln. 

The way of working is to make a number of runs with 
different settings of the parameters temperature and time. 
These runs are characterised by the RT values as 
determined from the rings. Product quality analysis 
determines the optimal run and accompanying RT values. In 
this way the found Ring Temperature is related to a specific 
firing process. Once the optimal setting of the process 
parameters is found, the PTCR is used to control the 
process and to recognize deviations in time and 
temperature. In future runs the same RT reading will 
guarantee the same quality level of the products. 

This method is followed whenever a new product or process 
has to be introduced, to determine differences in the thermal 
characteristics of new kilns, or after maintenance of kilns. 

B) Trouble shooting

This is one of the traditional applications of PTCR; 
malfunctioning of (parts of) the equipment. The ring is used 
to make a mapping of the kiln in RT in order to locate 
positions with different thermal behaviour. 
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After root cause analysis proper corrective action can be 
taken to resolve the problem(s) after the problem is solved. 
PTCR are used to monitor the thermal performance of the 
kiln to signal the problem. In the case of monitoring the 
number of rings of course is smaller than during the analysis 
phase. 

C) Yield improvement

Once the mapping of the thermal characteristics is available, 
one has the possibility to further fine-tune the process 
settings and optimize the yield. This will also lead to 
optimization of the energy consumption. 

D) Improvement of product quality

Because the process is controlled in a much better way, the 
scatter in the quality of the products is minimised. This 
means that the quality control of the products can be 
reduced as a start and may eventually be reduced further to 
sampling level only or even abandoned completely. Rework 
(if applicable) will be past tense. 

E) Reduction of inspection time and costs

The improved processing will allow the reduction of the 
number of products that have to be inspected and may finally 
lead to elimination of the product testing completely. The 
only thing left is the measurement of the rings to monitor the 
process. Easy measurement can be done by using the 
PTCR Micrometer which allows only one measurement per 
ring in order to get a reliable result. In time the sampling rate 
maybe reduced to a bare minimum, reducing the inspection 
effort to a minimum, whilst guaranteeing an excellent product 
quality. 

F) Quality Assurance

Process control, as formulated in ISO 9001:2000, nowadays 
can only be achieved by virtue of the availability of an 
objective means to monitor and control firing processes 
PTCR provides this objective method. 

4. PTCR Application

4.1. General application advice 
The general procedure during the application is as follows: 

Step 1) Placement of the rings in the kiln 

Select the rings with the right temperature range. The rings 
have to be placed at any location in the kiln where a 
determination of the thermal performance is desired. Rings 

do not have to be measured before they are put in to place in 
the kiln because differences are statistically corrected and 
integrated in the conversion chart. 

Step 2)  Firing process can take place 

Step 3) Measurement of the rings 

After the firing cycle has been terminated, the ring diameters 
have to be measured. Make sure that the rings are 
identifiable regarding their position in the kiln for mapping. 
Every ring only has to be measured once, the special PTCR 
Micrometer ensures an operator independent, reliable and 
accurate reading of the ring diameter. In order to assure the 
reliability the diameters have always to be measured 
between the two D's. 

Step 4) Conversion of the diameters into RT 

The outer ring diameter can be converted into a Ring 
Temperature (RT) using the conversion table delivered with 
every new batch of PTCR. The RT value thus obtained is an 
accurate representation of the total (cumulative) amount of 
heat transferred to the products during the temperature 
cycle. 

4.2. First time usage 
The first time the PTCR is applied, different (trial) runs with 
different parameter settings have to be made and the 
resulting products have to be compared to the quality 
standard. In this way the optimal process settings and RT 
values are coupled. In a new run, if the RT values are the 
same, the firing conditions have been the same and the 
quality of the product is assured. 

It hast o be emphasized, that RT values do not necessarily 
compare to absolute temperatures. Because it measures the 
heat transferred to the ring, a longer soak time at the same 
top temperature will cause the ring to shrink further, resulting 
in a higher RT value. However the PTCR allow you to  
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accurately determine temperature DIFFERENCE both within 
and between certain kiln loads and between individual kilns. 

The same measured RT values guarantee the same amount 
of heat transferred. This means that so exactly the same 
firing conditions have been applied. Relative data in that 
regard are valid and very useful. 

4.3. The temperature conversion table 
The shrinkage of the diameter of the ring has to be 
converted in to the Ring Temperature (RT). This table is 
updated for every batch of rings to be delivered which means 
that both the product and the conversion table have a unique 
relation. 

By this re-calibration, all possible effects caused by 
differences in raw material(s) and deviations of green (zero 
hour) diameter value are compensated for. This ensures the 
reading of the shrinkage always to result in the same RT 
value and thus eliminating batch to batch differences for 
PTCR. This is one of the reasons why he repeatability and 
reproducibility of the RT readings is very high. It is important 
to keep in mind that mixing up of tables and PTCR batches 
leads to false readings of the RT value. 

4.4. The PTCR Micrometer 
The PTCR Micrometer is specially developed for the 
measurement of the outer diameter of each ring. Because of 
the unique metal construction on which the Micrometer is 
attached, each ring has each time exactly the same position. 
This results in one-time-only measurements while the 
reliability and accuracy is assured.  

Other normal Micrometers can be used for the measurement 
of the diameter, but this results in less accurate and reliable 
results. Therefore we strongly advise to invest once in the 
official PTCR Micrometer. 

4.5. Interpretation of the Ring Temperature 
The main purpose of PTCR is to ensure the repeatability of 
the firing process and to ensure in this way the constant 
quality level of the different kiln loads. The Ring Temperature 
(RT) represents the total amount of heat transferred to the 
products and thus a constant RT value ensures firing 
conditions to be identical. The importance of the PTCR is to 
provide an accurate determination of DIFFERENCES in total 
heat transferred and to monitor any deviation in the 
processing conditions. The RT reading has not necessarily a 
direct relation to the absolute temperature. Under certain 
conditions RT readings may be related to the absolute 
temperature scales. The best approximations is obtained by 
applying a ramp up speed of 120° C/hour and a top 
temperature hold time (soak time) of 1 hour. The RT reading 
obtained gives a fair approximation of the absolute 
temperature with an uncertainty of 10°C. 

4.6. Different atmospheres 
The PTCR originally has been developed for use in heating 
processes in air. However the ring may be applied under 
different atmospheric conditions as well provided some rules 
are taken into account. We advise clients to contact our 
customer service desk in case of using the rings for firing 
processes under reductive or vacuum circumstances. In this 
way the specific advice can be given in order to get optimal 
results. 

As a general rule it can be stated that, under vacuum 
conditions and reductive atmospheres like N2/H2 mixtures, 
the ring shave to be prefired for 2 hours at 600°C to burn out 
the organic binder system of the ring completely. If this is not 
done properly, the organic material will not disappear as 
CO2, but will decompose to carbon. This carbon, left behind 
in the ring, will inhibit the shrinkage of the ring, resulting in a 
lower RT reading than expected. Under vacuum conditions, 
the carbon may even precipitate on the kiln wall and 
contaminate the kiln. Under vacuum too, the RT reading will 
be lower than expected, because the heat transfer 
mechanism lacks the contribution of convection. 

It is known that PTCR absorb carbon when used in a 
carbonising atmosphere. The carbon migrates through the 
ring and will inhibit the shrinkage significantly. It has to be 
determined by trial and error, to assess whether sufficient 
shrinkage capability is left to allow an accurate determination 
of the change in the outer ring diameter. 

4.7. FAQ 
1. What is a PTCR?

PTCR is a ceramic device, which measures the total heat 
transferred during a firing cycle. It is not a temperature 
indicator in the same sense as a thermocouple, it is an 
energy meter. The indicated Ring Temperature is a standard 
that has to be the same by rehearsed firing processes under 
the same conditions. In this way the stability of the process 
and quality of the products is assured. 

2. What is the advantage of PTCR over thermocouples?

PTCR measures the thermal conditions at the same place 
where the product is located, it measures heat instead of a 
spot temperature. So it measures the true important  

parameter for a firing process: the total amount of heat 
applied to the product. 

3. Why is the temperature reading from the PTCR different
from the set temperature? 

The PTCA measures heat and the reading depends on the 
set temperature in the kiln and the time the PTCA is exposed 
to heat. 

4. What is the difference between PTCR and its main
competitors? 

The PTCR allows a numerical determination of the kiln 
performance and is one of the most reliable products of its 
kind available on the market. It assures the reproducibility of 
the heat treatment applied to the product and so it's quality. 
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Since the ceramic temperature indicator measures heat 
instead of temperature, the RT reading has no direct relation 
to the absolute temperature in Celsius or Fahrenheit. Only 
after taking into account both time and set temperature, a 
relation between RT value and the Celsius or Fahrenheit 
scale can be determined. 

6. Is there any limitation to the type of kiln, where PTCR can
be applied? 

No, PTCR can be applied in all kinds of kilns used in the 
industry. 

7. Can PTCR be used in every atmosphere?

In principle yes. How ever in case of reducing atmospheres 
or vacuum conditions, the LT and ST versions of PTCR have 
to be pre-treated by firing them for 2 hours at 600°C in air. 
After this pre-treatment the PTCR will maintain its full 
capability without any exception (we advise to contact our 
customer service desk before using the PTCR in these 
conditions). 

8. Is the performance of the PTCR influenced by the
atmospheric conditions? 

Yes, the actual atmospheric conditions have an influence on 
the rate of contraction of the ring. This leads to a RT reading, 
which may differ from the expected value, e.g. it may be 
lower. This however has no influence on the reproducibility 
of the reading, which will still assure the firing conditions to 
be within the process limits. 

9. How is the performance of PTCR affected by the soak
time? 

The PTCR will continue to contract as long as it is exposed 
to heat. Effectively this means that at a constant set 
temperature, the RT reading will be higher, the longer the 
soak time is. 

No, provided the table delivered with a new batch is used, no 
changes to the settings are necessary. Every new batch of 
PTCR is factory (re)calibrated to assure the same RT 
reading under the same kiln conditions. 

11. Is there any influence of the material of the supports
used? 

Yes, it is known that "reactive" support material like e.g. 
carbon strongly inhibits the performance of ceramic 
temperature indicators. The support should be of a non 
reactive material, like ZrO2, Al2O3, SiN etc. 

12. Has the temperature ramp-up any influence on the PTCR
performance? 

Yes it does, because the PTCR registers the cumulative 
amount of heat absorbed, a long ramp-up time will result in a 
higher RT reading than a fast temperature ramp-up. 

13. Do I need the micrometer to perform the measurements?

To ensure a correct determination of the contraction of the 
ring, it is of vital importance, that the ring is positioned 
correctly during the measurement of the ring diameter after 
the firing cycle is completed. The special measuring device 
is the best assurance of a correct "foolproof" RT reading. 

14. Why do different batches yield different ring
temperatures and how are these differences compensated 
for? 

Batches differ, there is no question about that, there is no 
avoiding that. The reason for this is that the materials used 
to manufacture the rings differ from batch to batch. There are 
differences in composition, grain size distribution and so on, 
which affect the shrinkage of the rings made with these 
materials. So even though the same recipe is used with 
every batch, there will be small but significant differences.  

To compensate for these differences a calibration of each 
batch by firing rings from the new batch together with rings 
from the reference batch in their standard conditions can be 
done. Usually slightly different diameters are found. The 
diameter from the reference rings gives the actual 
temperature.  

The diameter from the rings of the new batch is correlated to 
this temperature. This process is repeated 8 times, each 
time at a different temperature, covering the entire 
temperature range of the rings. This results in 8 diameters, 
which correlate to 8 actual temperatures. A curve is fitted 
through these 8 points, which is used to make the new table. 
For the standard conditions the differences in shrinkage 
between the new batch and the reference batch now have 
been compensated for. 

Firing under different conditions (different curve, different 
atmosphere, etc.) might not have exactly the same effect on 
rings from different batches. When this is the case, the 
compensation introduced must be altered in order to achieve 
the exact same ring temperature with different batches of 
rings. This is not a bad thing. It is just a modification of the  
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calibration to suit a specific firing process. Theoretically, the 
rings should be re-calibrated for each process every time a 
new batch is used. As a service to customers a "standard" 
compensation, which works very well for most processes can 
be provided. Occasionally, differences between batches 
when fired with a specific firing process get too great or a 
customer wants the highest possible degree of accuracy. 
The customer then has to calibrate the new batch of rings 
himself. 
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