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TECHNICAL REPORT

J. NAKATANI

A new type of heat treatment system called as superheated steam furnace (AllFit®) has been developed. This 
system can significantly shorten the processing time of the debinding process of fine ceramics. It is expected to 
contribute to carbon neutrality in the fine ceramics industry.
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Development of Heat Treatment Equipment 
Using Superheated Steam

1.  Introduction
Products utilizing fine ceramics are used in a 

wide range of industries including automobiles and 
telecommunication devices, and the range of their use is 
expected to expand in the future1)-3).

The manufacturing process for ceramics is shown 
in Fig. 1. Forming of ceramics requires a forming aid 
(binder); however, because this binder is not needed in the 
final product, a debinding process is performed to remove 
it. An example of the proportion of energy consumed by 
each ceramics process is shown in Fig. 23). The energy 
required for the debinding process is a large proportion 
(43%) of the total. In recent years, the need for carbon 
neutrality initiatives has grown from the perspective of 
global environmental conservation, and the development 
of a revolutionary heat treatment process and heat 
treatment equipment that can reduce thermal energy is an 
urgent issue.

Based on these needs, JTEKT Thermo Systems focused 
on the superheated steam that is used in applications 
such as food processing and cleaning, and began system 
development in 2016 in order to quickly provide a 
heat treatment equipment that effectively utilizes the 
characteristics of superheated steam to the market. In 
the market at that time, evaluations of debinding using 
superheated steam had progressed on the testing level; 
however, there was the issue of being unable to conduct 
tests simulating a future production line.

The goal of this development was to produce a compact 
testing system for evaluations and a mass production 
system for production lines. As a result, three types of 
systems (the AllFit Series) were commercialized to suit 
the mode of production: a hot air circulation oven, box 
furnace, and continuous furnace.

These products were proposed to many customers in 
the fine ceramics industry as a new manufacturing process 
solution and are beginning to be recognized for their 
effectiveness in shortening processing time, increasing 
yields, and improving quality2), 4). This report introduces 
AllFit which were developed from the dual perspectives 
of the characteristics of superheated steam and the system 
specifications.

Ceramic powder

Forming aid
Organic 

binder, etc.

Forming Debinding FiringBlending ProductMachining

Fig. 1  Ceramics manufacturing process

Fig. 2  Proportion of energy consumed by each process3)
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2.  �Development of the AllFit Series of 
Heat Treatment Equipment

2. 1 System Concept
As described above, a hot air circulation oven, box 

furnace, and continuous furnace were commercialized to 
suit the mode of production as systems with a debinding 
process that utilizes superheated steam (Fig. 3). In 
order to use superheated steam as the process gas, it 
is important to consider from both the perspectives of 
the characteristics of superheated steam and the system 
configuration. One characteristic of superheated steam 
is that it can perform debinding using the effects of 
hydrolysis. Hydrolysis is a reaction where water reacts 
with a reactant and produces decomposition products. 
The reactant in the debinding process is the organic 
binder. The effects can shorten the debinding processing 
time. Compared to atmospheric treatment, thermal shock 
can be reduced by preventing thermal runaway and the 
generation of large amounts of pyrolysis gas resulting 
from the oxidation reaction of the binder, leading to 
a shorter processing time. Prior research has reported 

that the use of superheated steam reduces the debinding 
process time to 1/10 or less4). Often a hot air circulation 
oven is used for the debinding process (Fig. 4). Filling 
the treatment room inside the system with superheated 
steam allows maximum use of the effects of superheated 
steam for debinding. Because superheated steam becomes 
water when it condenses (Fig. 5), condensation occurs on 
the debinding treated product. When industrial products 
contact water, it can cause problems. Therefore, it is 
important that the system which uses superheated steam 
be designed so that the superheated steam in the treatment 
room does not return to water.

With a conventional debinding process, processing 
is performed in an atmosphere of air, nitrogen, or other 
gas, and it is important to use the prescribed amount for 
each system even when the type of process gas used in 
the system is changed, or to match the amount of process 
gas which was previously used. The AllFit Series is 
composed of superheated steam treatment systems that 
are positioned with superheated steam as an extension 
of conventional process gases. The AllFit systems are 
capable of a wide range of operations from testing to 
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Fig. 4  Schematic diagram of hot air circulation oven
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Fig. 5  Water and steam conditions (atmospheric pressure)

AF-INH100

Hot air circulation oven
AF-INH Series

●Normal temperature: RT+60℃– 600℃
●Model: Chamber internal dimensions 
    (width × height × depth)
    AF-INH21: 600 × 600 × 600 mm
    AF-INH51: 800 × 800 × 800 mm
    AF-INH100: 1 000 × 1 000 × 1 000 mm
●Residual oxygen concentration: 20 ppm or 
    less (reference value for when superheated
    steam is added)

Box furnace
Model: AF-lBF

 

●Normal temperature: 400℃– 900℃
●Effective dimensions (width × height × depth)
　: 200 × 200 × 400 mm

●Normal temperature: 900℃
●Configuration
    Belt width: 200 mm
    Furnace pass-through height: 30 mm

* Belt width, furnace length, and 
   transport height are designed to
   match the product being treated.

 

Continuous furnace
AF Series

Fig. 3  AllFit Series
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mass production. Comparing the effects of superheated 
steam with a conventional process identifies the effects on 
the product resulting only from the change of process gas 
type when using the same system type, for example the 
difference between nitrogen gas and superheated steam. 
Therefore, it is believed to be important for the expansion 
of superheated steam treatment in the market that no large 
specification changes from conventional system types are 
required.

2. 2 Only One Technologies
This section introduces two original technologies that 

are important for a system performing superheated steam 
treatment.

The first is a technology for measuring the oxygen 
concentration in a superheated steam atmosphere. The 
graph in Fig. 6 shows the results from measurement of 
the control temperature and the oxygen concentration, 
which decreases over time, inside the system. The system 
percentage range automatically switches between the 1 
000 ppm range and the 100 ppm range according to the 
concentration. The second axis shows the ratio when the 
maximum value in each range is 1. Failures resulting 
from condensation are also a problem for control of 
the system atmosphere. Therefore, by maintaining the 
temperature around the sensor (Fig. 7) and enacting 
measures to prevent condensation, it is possible to 
achieve stable measurement of the oxygen concentration. 
This measurement technology is an Only One technology 
that did not exist before5).

The second technology is the original atmosphere 
separation technology (Fig. 8). In a continuous furnace, 
because the heat treatment room and the entrance and 
exit are cylindrical, it is ordinarily difficult to fill the heat 
treatment room with a superheated steam atmosphere. 
However, with this technology, it is possible to separate 
the superheated steam from other atmosphere even in 
a cylinder6). In a continuous furnace, by preventing the 
superheated steam atmosphere from flowing out from 
the heating room, and preventing the atmosphere at the 
entrance and exit from flowing into the heating room, it is 
possible to perform debinding in a stable atmosphere.

The results from benchmarking of these technologies 
showed that they are technologies exclusive to JTEKT 
Thermo Systems and important for the superheated steam 
treatment method.

2. 3 Demonstration Status
So that superheated steam treatment can be widely 

known, JTEKT Thermo Systems has installed the AllFit 
Series within the company and prepared an environment 
where customers can perform a demonstration. Every 
year, many customers come to the company, and over 
the past five years from 2019 to 2023, more than 400 

superheated steam treatment demonstrations have been 
conducted. By performing much superheated steam 
treatment, we have accumulated knowledge about the 
superheated steam process. Superheated steam treatment 
is a new technology, and checking and discussing 
the demonstration results are important for the future 
widespread use of this technology. It is not yet known 
whether superheated steam treatment is effective in the 
debinding process for all ceramics. If you are interested 
in superheated steam treatment, we hope you will utilize 
AllFit.
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Fig. 6  Oxygen concentration in superheated steam 

atmosphere (Control temperature inside the device: 

300℃)
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Fig. 7  Oxygen concentration meter compatible with 

superheated steam (Patent No. 2020-134397)5)
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Fig. 8  Atmosphere separation by CAE analysis
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3.  Future Actions
This section introduces two original technologies 

that are important when a customer is considering a 
superheated steam process.

The first is an exhaust gas concentration monitoring 
system. Because superheated steam treatment is a new 
technology, technologies for measuring the conditions 
of the debinding process in a superheated steam 
atmosphere have not been established. Ordinarily 
thermogravimetric differential thermal analysis (TG-
DTA) is used to acquire data concerning the change 
in binder weight, which is important for the debinding 
process. However, this method cannot be used in 
superheated steam. As a replacement, a technology was 
developed to make debinding visible. This technology 
will be useful in customer process development, and 
measures the concentration of CO2 in the exhaust gas 
from the debinding process (Fig. 9)7). By observing it 
together with the temperature history, it is possible to 
visualize the behavior of binder decomposition (Fig. 10). 
This provides guidelines for identifying the start, peak, 
and end of debinding, and can be expected to largely 
decrease man-hours required for studying the treatment 
conditions. Because this technology can be applied to 
conventional air or nitrogen atmosphere treatment as well 
as superheated steam treatment, it can help to identify the 
treatment conditions of existing equipment as well.
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Fig. 9  Exhaust gas concentration monitoring system (Patent: 

2022-29959)7)
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Fig. 10  Binder decomposition behavior

The second technology is direct observation of the 
products during the debinding process. Figure 11 shows 
the system configuration. This makes it possible to 
observe changes such as product cracking and blistering 
in real time. By checking the images in combination with 
CO2 concentration measurement, this makes it possible 
to consider more optimal debinding conditions (Fig. 12). 
Direct observation of products is possible with imaging 
dimensions from approximately 1 mm × 1 mm to 30 
mm × 30 mm. In the future, we will equip AllFit with 
these two visualization technologies and expect them 
to improve productivity, save energy, and contribute to 
carbon neutrality so that the development of superheated 
steam debinding can proceed efficiently.
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Fig. 11  Direct observation of the product being degreased
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Fig. 12  Direct observation of PVB binder (Observing 

changes in state at each temperature range)

4.  Conclusion
We believe that AllFit which support the use of 

superheated steam can contribute to the advancement of 
the ceramics industry. Application to the development of 
other new processes utilizing superheated steam besides 
the debinding process can also be expected. JTEKT 
Thermo Systems will be pleased if AllFit becomes widely 
known to all ceramics manufacturers engaged in the 
manufacture of various ceramics and can contribute to 
continual energy savings in society.
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