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Abstract

Ceramic fiber usually contains some amount of “shot”, non-fibrous by-product grains formed
during the fiber-making process. Because shot reduces the heat insulation property, ISOLITE
developed advanced ceramic fiber board 1260 SI BOARD (1260-degrees-C grade) by reducing the
shot content of the fiber. Recently, ISOLITE has newly developed 1400 ST BOARD with higher heat
resistance (1400-degrees—-C grade). Due to high heat resistance and a high pressure resistance
quality, 1400 SI BOARD can be used as the backup heat insulation of molten metal containers. Also
1400 SI BOARD is suitable for heat insulation of panel heaters. This advanced fiber board can be
expected to contribute to energy saving in various industrial furnaces.

1. IIC®HIC 1. Introduction
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Ceramic fiber boards, manufactured by mold-
ing ceramic fiber mixed with a binder into a
board shape, are light-weight heat-insulating
products that have sufficient strength for han-
dling. Ceramic fiber boards are widely used for
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the lining of furnace walls in various industrial
furnaces. Ceramics fiber usually contains some
amount of “shot”, non-fibrous by-product grains
formed during the fiber-making process from
molten raw material. The shot not only reduces
the heat insulation property of the board but can
also caused scratched surface of the processed
board. We have already developed advanced
ceramic fiber board “1260 SI BOARD” by
reducing the shot content of ceramic fiber. This
board is a 1260-degrees-C grade and has a
lower thermal conductivity than conventional
boards of the same grade.

Recently, we have newly developed “1400 SI
BOARD?”, an advanced ceramic fiber board of
1400-degrees-C grade. This paper reports its
features and applications.

2. Usage of Conventional Ceramic Fiber
Board

Ceramic fiber boards are widely used for
annealing furnaces and carburizing furnaces in
the steel industry. In addition, some customers
are tentatively using ceramic fiber board for the
backup lining of some molten metal containers.

Recently, due to increased demand for energy
saving (heat loss reduction), various kinds of heat
insulation boards of roughly 1000-degrees-C
grade (e.g. calcium silicate type, micro-porous
type) have come to be used as the backup lin-
ing of refractory working linings. However, it is
possible for the surface of the backup lining to
reach temperatures of more than 1000 degrees
C when the working lining becomes thin due to
refractory wear. Hence, advanced heat insulat-
ing board with a higher heatproof temperature
is required for this application.

Advanced ceramic fiber is also required for
the panel heater. The most popular type of panel
heater consists of shaped ceramic fiber with on
imbedded heating wire. The fiber is required to
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1400SI-Board

Comparison of microstructure (SEM).

have a high heatproof temperature (about 1400
degrees C) and high heat insulation.

1400 SI BOARD can be used as the hot-face
lining of various heat treatment furnaces or as
a panel heater due to its high heat resistance
quality and low shot content. Also, 1400 SI

Table 1 Properties of 1400°C class CF board
Properties Conventional | 1400SI-Board

Max service temperature / °C 1400 1400
Shot content / mass% 56 16
Bulk density / kg * m® 250 220
Linear shrinkage at 1200C / % 13 13
(Under continuous temperature)
Linear shrinkage at 1400°C / % 24 30
(Under max service temperature) ’ '
Modulus of rupture / MPa 0.49 1.10
Chemical composition | Al:O0s 44 44
/ mass% AlOs+SiO, 99 99




Shinagawa Technical Report

Temperature / C

Fig. 2 Comparison of thermal conductivity.
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BOARD can be used as the backup heat insula-
tion of the refractory working lining due to its
high heat resistance, low thermal conductivity,
easy on site processing, and sufficient strength
suitable for handling.

3. Quality of 1400 SI BOARD

The new 1400 SI BOARD is a ceramic fiber
board made of 1400-degrees-C grade fiber
bulk of which about 70% of the shot contained
in conventional products is removed. The
manufacturing process is the same as that of
conventional boards except for the shot removal
process, hence its chemical composition is the
same as the conventional ones.

3. 1 Basic properties of new 1400 SI
BOARD

Fig. 1 shows the microstructure of 1400 SI
BOARD and a conventional board by SEM
observation. The conventional board contains
some amount of shots which look like balls. 1400
SI BOARD contains much lower amount of shot
and exhibits a texture in which the fibers are
densely packed.

Table 1 shows the properties of 1400-degrees
-C class CF board. 1400 SI BOARD has a lower
bulk density than conventional board because
it contains a lower amount of shot which has
a higher bulk density than fiber. In spite of
lighter weight, its modulus of rupture is higher
than conventional board. This high strength is
probably a result of the fibers being densely
packed.

Fig. 2 compares their thermal conductivities.
1400 SI BOARD has lower thermal conductiv-
ity than conventional board. This is probably
because the dense fiber texture suppresses
radiation heat transfer.

3. 2 Heat insulating property of the new
1400 ST BOARD
In order to evaluate the insulation property
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of the board, we performed heat transfer simu-
lation and an actual heat transfer experiment in
which the cold face temperature is measured by
thermograph camera. Both the simulation and
experiment were conducted under the following
conditions.

: 1200 degrees C
(2) Outside air temperature : 25 degrees C

(3) Boards thickness
(4) Supposed location

(1) Inside temperature

: 50mm
: Roof
3. 2. 1 Heat transfer simulation

Results of the simulations are shown in Fig. 3.
The 1400 SI BOARD showed a 31% lower cold
face temperature and 25% lower heat flow than
those of the conventional board.
3. 2. 2 Heat transfer experiment

The results of actual measurements by ther-
mography camera are shown in Fig. 4. The
thermography camera shows the surface tem-
perature by measuring infrared rays radiated
from surface and coloring them according to
their wavelengths. The coloring is brighter as
the temperature becomes higher. The outside
temperature of the 1400 SI BOARD was 166
degrees C, and that of the conventional board
was 190 degrees C. These experimental results
are consistent with the simulation results.
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Conventional composition
A T Al,Os-MgO castable 140 mm
° B : Hi-Alumina brick 40 mm
8 C : Roseki brick 40 mm
3 D : $5400 30 mm
Total 250 mm
402°C
Heat flow : 91.1 kW + m”
Conventional composition
A Al,Os-MgO castable 50 mm
® B Hi-Alumina brick 40 mm
£ C:Rosekibrick 40 mm
§ D : SS400 30 mm
Total 160 mm
475°C
| Heat flow : 132kw « m" |

Fig. 5 Thermal calculation result (conventional).
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4. Evaluation of Pressure-Proof Quality for
Applying to Molten Metal Containers

4. 1 Heat transfer simulation
We expect that 1400 SI BOARD can be
used as the backup heat insulation material for
molten metal containers. Hence, we carried out
a heat transfer simulation test. The simulation
conditions are shown below.
(1)Molten metal (hot face) temperature
: 1650 degrees C
(2)Outside air temperature
: 25 degrees C
(3)Refractory thickness of container
: 250mm
(4)Inner diameter of container
: 2500mm
(5)Location : Wall
Fig. 5 compares the simulation results of con-
ventional refractory system 1400 SI BOARD for
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Improved composition
A Al:03-MgO castable 140 mm
B : Hi-Alumina brick 40 mm
o C . Roseki brick 30 mm
g D : 1400SI-board 10 mm
S E:55400 30 mm
Total 2560 mm
306°C
Heat flow : 52.2 kW + m’
Improved composition
A AlbOs-MgO castable 50 mm
B I Hi-Alumina brick 40 mm
é C : Roseki brick 30 mm
ie) D : 1400SI-board 10 mm
8 E : SS400 30 mm
Total 160 mm
348°C
| Heat flow : 635 kw - m"

Fig. 6 Thermal calculation result (improved).
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both the original working-lining thickness and
the reduced thickness after wear. The simula-
tion for the worn lining resulted in a cold face
temperature of 475 degrees C (+73 degrees C)
and heat flow of 132kW/m (+45%).

Fig. 6 shows the simulation test results of a
refractory system using 10mm thickness 1400
SI BOARD as backup heat insulation. Compared
with the conventional refractory system, the
cold face temperature is lowered by 96 degrees
C and the heat flow is lowered by 43% for the
original working-lining thickness. In the case of
the reduced thickness after wear, the cold face
temperature is lowered by 127 degrees C and
the heat flow is lowered by 52%.

Also, this simulation shows that the hot
surface temperature of the 1400 SI BOARD
rises from 925 to 1057 degrees C because of
the thinning of the working lining. However, the
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Reference composition
1650°C . A: AlOsMgO castable 140 mm
1135°C ) . .
B : Hi-Alumina brick 40 mm
° C : Roseki brick 37 mm
3 o
o L D : Microporous insulation 3 mm
= o
2 S E 1 SS400 30 mm
Full thickness Total 260 mm
327°C 323°C
A 8 clo Heat flow : 58.3 kW + m™
: 1650°C Reference composition
: A AlbOs-MgO castable 50 mm
: B : Hi-Alumina brick 40 mm
: ® IEEES © C : Roseki brick 37 mm
O, o
1 L% 1086°G o8 D : Microporous insulation 3 mm
+ =]
@ S E:sS400 30 mm
: Total 160 mm
EEEEEE P J o
: wear 380°C 374C | - |
1 Heat flow : 78.4 kW « m’
h A B C |ID
Fig. 7 Thermal calculation result (reference).
Table 2 Summary of thermal calculation result
Conventional Improved Reference
Material Thk Material Thk Material Thk
(mm) (mm) (mm)
> &§[ 1 |ALOs>-MgO castable 140| 1 | Al:0s-MgO castable 140| 1 | Al:0s-MgO castable 140
” 48 'E 2 [Hi-Alumina brick 40| 2 |Hi-Alumina brick 40| 2 |Hi-Alumina brick 40
é £ g 3 | Roseki brick 40| 3 | Roseki brick 30| 3 |Roseki brick 37
) e 9| 4 |SS400 30| 4 | 1400SI-board 10] 4 |Microporous insulation 3
§ - —15(SS400 30| 5 |SS400 30
E TOTAL| 250 TOTAL| 250 TOTAL| 250
_5 Cold face temp. Cold face temp. Cold face temp.
'9 Oy o) Oy
g B (C) s (°C) 306 (C) 323
=}
= 2| Heatflow kW -m") | 91.1| Heatflow (kW-+m") | 52.2| Heat flow (KW + m’) 58.3
(&}
Material Thk Material Thk Material Thk
(mm) (mm) (mm)
> &§[ 1 |AkOs>-MgO castable 50| 1 [Al:0s-MgO castable 50| 1 |AlOs-MgO castable 50
48 'E 2 [Hi-Alumina brick 40| 2 |Hi-Alumina brick 40| 2 |Hi-Alumina brick 40
§ £ g 3 | Roseki brick 40| 3 | Roseki brick 30| 3 |Roseki brick 37
= e 9| 4 |SS400 30| 4 | 1400SI-board 10] 4 |Microporous insulation 3
q}’:’ - —15(SS400 30| 5 |SS400 30
< TOTAL| 160 TOTAL| 160 TOTAL| 160
_5 Cold face temp. Cold face temp. Cold face temp.
'9 Oy o) Oy
£ 5 (C) 6kl (C) i (0) Gl
=}
E 2| Heatflow (kW +m") | 132| Heatflow (kW +m") | 63.5| Heat flow (kW «m") 78.4
(&}
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Fig. 8 Compressive stress-strain diagram.
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increased hot-face temperature is much lower
than the maximum service temperature of the
1400 SI BOARD.

Recently, application of micro-porous heat-
insulation materials with low thermal conduc-
tivity to the backup lining has been increasing.
For your reference, the calculation results for
a refractory system using the micro-porous
insulation board instead of the 1400 SI BOARD
are shown in Fig. 7.

The Fig. 7 simulation was calculated for 3mm
thickness micro-porous board because of the
following reasons. Micro-porous board has high
heat insulation properties, but its maximum
service temperature is about 1000 degrees C.
If the board with a thickness more than 3mm
is used, its hot side temperature exceeds its
maximum service temperature. The simulation
results for the micro-porous board with 3mm
thickness show inferior cold face temperature
and heat flow compared with 1400 SI BOARD.

Table 2 is a summary of the simulations in
Figs. 5-7.

4. 2 Pressure proof quality

The stress-strain relationship of the 1400 SI
BOARD is shown in Fig. 8 in order to evaluate
the pressure proof quality. If the height of the
molten metal is 4m in a container, the pressure
(compressive stress) on the bottom refractory is
estimated to be 0.3MPa on the basis of equation
(1.

Compressive Stress =4 [m] X 7874 [kg/m?®] X
9.8 [m/52:| =(.3 nearly [MPa] .................. (1)

Fig. 8 indicates that the compressive stress
of 0.3MPa causes compressive strain of 8%, cor-
responding to the deformation of only 0.8mm
for the 10mm thickness board. It is unlikely
that such a small deformation creates gaps
leading to molten metal leakage. Therefore we
believe that 1400 SI BOARD has enough pres-
sure proof quality.
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Fig. 9 Specimens.

Table 3 Elapsed time and electricity consumption
(achieving at 1000°C)

Time |Electricity consumption
Item Voltage / V / min /Weh
C tional 60 19.0 75.6
onventiona 70 10.5 56.8
1400SI-Board 60 13.5 63.7
(5) W& = 215mm (b — % — 4L E 5 %
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5. Evaluation of Heat Insulation for
Applying to Panel Heater

5. 1 Test conditions

In order to evaluate the heat insulation qual-
ity for applying to panel heaters, we did the
experiment shown in Fig. 9 and measured the
power consumption and heat flow. Two kinds of
materials, 1400 SI BOARD and a conventional
board of the same grade, were used for the
experiment to compare their heat insulation
qualities.

The materials were shaped into cylindrical
specimens to cover coiled heating wire. This
design enables uniform diffusion of heat gener-
ated from the heating wire. Detailed specifica-
tions of the experiment are as follows.
(1)Sample dimensions

:OD 100 x ID 50 x 180mm H
(2)Power output

: 100W (40Vx2.5A)
(3)Heater

: Imm diameter Fe-Cr-Al heating wire
(4)Specification temperature

:normal 1100 degrees C, max. 1200

degrees C
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Table 4 Comparison of cold surface temperature

tem Heat temperature /°C
1000 1100 1200
Conventional /°C 278 308 339
1400Si-Board /°C 235 257 281
Difference /°C 43 51 58
Conventional 1400SI-Board 2000°C
~ 300
L 200
L 100
300°C

Fig. 10 Thermo viewing image (at 1100°C).
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(5)Insulation thickness
: 15mm (side, cover, bottom)
5. 2 Power consumption

We supplied electric power at a constant volt-
age for 30 minutes, recorded change in the inner
temperature, and calculated the electric power
consumption to reach 1000 degrees C. Table 3
shows the time and power consumption used to
raise the temperature up to 1000 degrees C. In
the case of a conventional material, heating at
60 volts required 19.0 minutes and the power
consumption was 75.6Wh. When the voltage
was increased to 70 volts, heating time was
reduced to 10.5 minutes and the consumption
was also reduced to 56.8Wh. In the case of
1400 SI BOARD, heating at 60 volts required
13.5 minutes and the powder consumption was
53.7Wh.

These results show that application of the
1400 SI BOARD can reduce the heating time
and the power consumption without increasing
the electric voltage. The reduction effectiveness
corresponds to about 30% down in the heating-
up time and power consumption, which roughly
corresponds to the potential increase of 10 volt-
ages in conventional material.

5. 3 Heat flow in steady state

Table 4 shows the calculated results of the
cold surface temperature for a steady state. The
calculated temperature for the 1400 SI BOARD
i1s 257 degrees C when the inner temperature
is 1100 degrees C. This is consistent with the
temperature measured by thermograph camera
(258 degrees C) as shown in Fig. 10, demonstrat-
ing validity of the calculation.

Next, we calculated the heat flow in the steady
state at three levels of the inner temperature.
The calculation results are shown in Fig. 11.
The heat flow reduction rate attained by apply-
ing 1400 SI BOARD increases from 26% to 30%
as the inner temperature increases from 1000
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Fig. 11 Comparison of heat flow.
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to 1200 degrees C.

As shown in Fig. 2, the difference in thermal
conductivity between 1400 SI BOARD and
conventional board increases with an increase
in temperature. Therefore the increased reduc-
tion-rate of heat flow at high temperature
(Fig. 11) can be explained by the change in
thermal conductivity in Fig. 2.

6. Conclusion

Experimental and simulation results demon-
strated that 1400 SI BOARD with high heat
insulation has sufficient heat resistance and
pressure resistance for application to the backup
heat insulation of molten metal containers and
the heat insulation of panel heaters. Because
1400 SIBOARD can be applied to severe service
conditions where conventional materials cannot
be applied, it can be expected to contribute to

energy saving in various industrial furnaces.
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