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Abstract

The zirconia furnace is an electric furnace which enables heating to 2000C in an oxidizing

atmosphere. Our company is the only maker which has developed and markets practical zirconia

furnace technologies. However, because the usable working dimensions of the zirconia furnace are

small (¢p25mm), its application had been limited to laboratory tests.

In recent years, there have been numerous needs for large-sized furnaces for use in calcining of

products, but still issues remained in relation to temperature measurement accuracy and melting of

the platinum wire terminal. Therefore, this company carried out various improvements, resulting

in the development of higher-reliability furnaces. The developed technology is introduced in this

report.
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1. Introduction

The zirconia furnace is the only furnace
which enables heating to 2000C in an oxidizing
atmosphere. To date, Our company has deliv-
ered more than 30 of these furnaces, mainly to
university-related clients."”

Fig.l1 shows the external appearance of the
ZRF-25 Zircofurnace and a cross-section of the
furnace interior. Table 1 shows the specifica-
tions of the Zircofurnace.

In heating, first, the furnace is preheated
using the preheater to a temperature of 1100C,
at which it is possible to pass a current through
the zirconia heater. The heating chamber tem-
perature is then increased to 2000C by passing
a current through the zirconia heater.

In view of the operating method for the tem-
perature measurement device, conventionally,
this zirconia furnace had been controlled by
inserting a type B thermocouple (measurement
temperature: maximum 1800C) in the outside
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Fig. 1 Appearance and schematic diagram of
ZRF-25 furnace.

Table 1 Specifications of Zircofurnace (ZRF)

Model ZRF-25 | ZRF-40 ZRF-120
Usable working | 496901 ¢ 40x40H  [1120x120H
dimensions (mm)

Max. operating | 919045 | 99p0°C 2000C
temperature

Normal operating 2000°C 1800°C 1800°C
temperature

Chamber

& controller 700HX600W X500L |700HX650WX550L
dimensions (mm)

Weight 100kg 160kg
Power AC200V, 30A

Heating capacity 5°C/min

Heating Air

atmosphere
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part of the heating chamber at a position where
the temperature difference between the inner
side and outer side of the heating chamber was
300C (offset width: 300C). With this method,
the problems mentioned in the following section
2 arose. However, in the present work, it was
possible to develop a higher-reliability furnace
by implementing various improvements. The
developed technology is introduced in this
report.

2. Problems with Conventional Technology

(DIf the insertion length of the type B ther-
mocouple is inadequate, the response of the
thermocouple for controlling the furnace
temperature will be slow, resulting in over-
current in the zirconia heater itself. For this
reason, the platinum wire is prone to melting.
Furthermore, since the furnace temperature
tends to largely exceed the maximum operat-
ing temperature, the life of the zirconia heater
will be reduced.

(If the type B thermocouple is inserted too
deeply, the furnace will not heat up to its
normal operating temperature of 2000C.

(3The terminal part of the platinum wire tends
to overheat due to the heat conduction of
the heat-insulating material for lining, and as
a result, the terminal part is also prone to
melting.

3. Improvement Method

With the ZRF-25, a decision was made to
improve the problems in the above section 2.

First, in order to improve temperature mea-
surement accuracy, use of a radiation pyrom-
eter in place of the type B thermocouple was
studied.
3. 1 Improvement of temperature

measurement accuracy

(1) Study of adoption of radiation pyrometer

The conventional radiation pyrometer had
not reached practical application at the time
of development of the ZRF-25 because it was
necessary to open a large hole for use in mea-
surements, which resulted in increased heat
loss. Therefore, the furnace temperature had
been controlled using a type B thermocouple,
which is inexpensive and enables measurement
with little heat loss.
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Table 2 Comparison of radiation pyrometers

Model Abpearance Measuring hole Radiation heat loss
PP (mm) (Requisite power ratio)
Conventional type ¢30 Approx.50%
Fiber type ¢6 Approx.2%
. A comparison of the conventional type and an
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ultra-compact fiber type radiation pyrometer is
shown in Table 2.

Because the diameter of the measuring hole
can be reduced to an extremely small size when
the fiber type is used, it was judged that heat
diffusion loss can be reduced and the negative
effect on heating-up will be slight. Therefore,
practical application was attempted.

Because it is not possible to open a hole
directly in the heating zone of the zirconia heater,
a decision was made to perform temperature
measurements by measuring the outer surface
of the heater. As there was also concern that
penetration by the measuring hole might be lost
due to movement of the furnace material (zirco-
nia brick) resulting from the thermal expansion
of the bricks and/or deterioration of the fiber,
the fiber was passed through an alumina pipe
in order to secure a measuring hole (Fig.2).

(2) Improvement of heat insulation of heating
zone

For high accuracy measurement with a radia-
tion pyrometer, minimization of the temperature
difference between the inner and outer sides of
the zirconia heater is a precondition.

As shown in Fig.2 (Fig4b), when the fiber
was inserted in the periphery of the zirconia
material of the heating zone, and the upper and
lower spaces were sealed with zirconia mate-
rial, the temperature difference between the
inside and outside of the zirconia heater could
be reduced approximately 20C in comparison
with the conventional lining.

On the other hand, before improvement,
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Fig. 2 New temperature measurement method
for ZRF-25 furnace.
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the surface temperature of the platinum wire
terminal had reached 1740C when the furnace
temperature was 2000C, and the terminal had
overheated to close to the melting temperature
of platinum (approx. 1800C). This was caused
by heat conduction and radiation from the heat-
ing zone of the zirconia heater and the resis-
tance heating of the platinum wire itself. From
calculations, it was found that thermal flux is
reduced by approximately 20% by strengthen-
ing the heat insulation of the heating zone.

(3) Determination of emissivity

As emissivity will differ depending on the
type of substance and the temperature region,
when the actual temperature of the surface of a
substance is measured by a radiation pyrometer,
it is necessary to set the value of emissivity
corresponding to the actual temperature.

Therefore, the actual temperature inside out-
side of the furnace was measured by an optical
pyrometer for several conditions, and simulta-
neously, the measured value displayed by the
radiation pyrometer was matched with the
actual temperature in the furnace by changing
the emissivity of the radiation pyrometer.

(4) New control system

The conventional system had the drawback
that the output from the zirconia heater easily
became abnormal because the output signals
during preheating heater control were also used
as the signals for controlling zirconia heater
when control was switched from the preheating
heater to the zirconia heater. However, in the
new system shown in Fig. 3, control switching
is extremely smooth because the preheater and
zirconia heater are controlled independently.
Furthermore, measured values and setting
values up to 2000C can be displayed on the
program temperature controller.

3. 2 Measures against melting of platinum
wire terminal
(1) Improvement in sealing of heating zone

As a further measure against trouble involv-
ing melting of the platinum wire, an overheating
prevention measure was applied to the terminal
part.

Before the improvement, there was a space
between the zirconia brick and the zirconia
heater, and the zirconia heater terminal had
overheated due to radiation and gas rise from
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Fig. 3 New temperature control system for ZRF-25 furnace.
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the heating zone (Fig.4a). Therefore, as a mea-
sure to prevent overheating of the platinum
wire terminal, the upper and lower parts of the
heating zone were sealed with zirconia brick
material to prevent the adverse effect of the
heat of the heating zone on the terminal part
(Fig.4b).
(2) Electrical insulation measure for terminal
part

With the conventional lining, the platinum
wire terminal of the zirconia heater is sur-
rounded by zirconia brick. As a result, there
were cases in which spark erosion of the termi-
nal occurred due to electric conduction between
the two materials.

Therefore, the zirconia brick material was
replaced with MgO electrical insulating plates,
thereby providing electrical insulation between
the platinum wire terminal and the zirconia
brick (Fig.4b).

4. Results of Improvement (ZRF-25)

Table 3 shows a comparison of the results of
heating tests before and after improvement.
In the ZRF-25, the above-mentioned improve-
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Fig. 4 Schematic diagram of ZRF-25 furnace.
Table 3 Results of heating test of ZRF-25 furnace
Item Original type Improved type Remarks
Control temperature Setting temp. 1700°C Setting temp. 2000°C
(actual temp. 2000°C)
Measurement accuracy Vary widely according to | 2000°C+10°C
(actual temp. 2000°C) setting position of B-T.C. | —20°C
<Standard value>
+10mm; 1800°C
— bmm; 2200°C
Temperature controllability | Response varies Steady response
according to controller (non-hunting)
output (hunting)
Heating capacity Max 5°C/min Max 7.5°C/min
Current value Max 20A Max 17A Actual temp. 2000°C
Surface temp. of 1740°C 1470°C Pt melting temp.
terminal end Approx. 1800°C
Lining design Risk of spark erosion Improved stability
Life (number of heats) 3~20 heats 95 heats

72 (Fig. 4b) o
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ment of temperature measurement accuracy
and measure to strengthen the heat insulation
of the the zirconia heating chamber resulted
in stability of the current value and greatly
extended the life of the heating element.
Temperature measurement accuracy was
improved to +10C, —20C at a temperature of
2000C, which was confirmed by a comparison
of the temperature readings of the radiation
pyrometer and the actual furnace temperature
measured by an optical pyrometer. Further-
more, it was possible to display the actual
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furnace temperature of 2000C on the program
temperature controller.

The current value after strengthening of the
heat insulation was reduced by approximately
15%, from 20A to 17A, at a furnace temperature
of 2000C. As a result, the surface temperature
at the platinum wire terminal was reduced from
1740C to 1470TC, thereby increasing the safety
factor. Because it was possible to avoid the
above-mentioned trouble, a furnace life (number
of heats) of 95 heats was successfully achieved.

Regarding the ¢25mm zirconia heater, if the
platinum terminal can be separated further
from the heating zone, it would seem that over-
heating of the terminal can be avoided, and a
further improvement in the safety factor can be
expected. At the same time, it would also seem
possible to reduce the use of platinum wire,
which accounts for the largest part of the cost
of the heating element.

5. Application of New Measurement Method
to Large-sized Furnaces

Conventionally, the ¢40mm and D120mm
heaters had been controlled by arranging a
type B thermocouple at an offset position, in
the same manner as with the ¢25mm device.
However, this had the following problems:
(DBecause the type B thermocouple was

arranged at the top part in the heating

chamber, it was only possible to measure
temperatures up to 1800C.

(@Furthermore, because the type B thermo-
couple was arranged in the top part, mea-
surements of the actual temperature by an
optical pyrometer were difficult.

To solve these problems, with the ¢40mm
heating device, a measuring hole was made
at the side of the terminal, and temperature
control was attempted using an ultra-compact
fiber type radiation pyrometer, as shown in
Fig.5. For emissivity, the value decided with
the ¢2bmm heater was used without modifi-
cation. In addition, a type B thermocouple for
confirmation measurements was installed in the
furnace roof.

When heating-up was performed to 2000C
with the radiation pyrometer and the tempera-
ture was measured at the specified position using
the type B thermocouple, the thermocouple had
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Fig. b New temperature measurement method
for ZRF-40 furnace.
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melted before reaching the specified position.
Although, for the ¢40mm heater, measurement
of the actual temperature by the optical pyrom-
eter was impossible, it appeared that the device
could be heated/controlled at temperatures up
to substantially 2000C. Controllability was also
satisfactory, as with the ¢25mm heater.

Similar tests with the 0120mm heater are
scheduled for the future. Because space for
measurement of the actual temperature by an
optical pyrometer is available with the 0120mm
type, verification of the actual temperature is
planned.

6. Future Issues

At present, a method in which an platinum
wire is embedded close to the heating zone has
been adopted with the ¢p40mm and J120mm
heaters. This method is used because it is
difficult to manufacture a device in which the
terminal extends to the outside due to machin-
ing-related problems.

Because the terminal of the platinum wire
easily overheats in the ¢$40mm and D0120mm
heaters with this design, a small amount of cool-
ing air is introduced during heating-up. However,
from the viewpoint of the increased current
value, this is hardly a satisfactory method. At
present, the authors are searching for a method
in which the terminal extends to the outside so
as to minimize the increase in the temperature
of the terminal.

With the 0120mm heater, the problem of
thermal stress arises due to its large shape.
As it is necessary to conduct a review of the
shape so as to alleviate this thermal stress, the
authors intend to make further improvements
in this device.

1) Y. Sasai ; Shinagawa Technical Report, 49, 135-138 (2005)



