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Abstract

Microporous insulation materials with heat resistance to 1400 C, low thermal conductivity,
excellent processability and water resistance was developed”.

Fine pores give the conventional microporous insulation materials low thermal conductivity and
excellent heat insulation. However, the use of the microporous insulation materials was limited
due to the crystallization of silica, which lead to the disappearance of the micro pores at about
1100 C **. Because of recent development, microporous insulation materials with high thermal
performance can now be used at high temperature places®.
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Introduction

Microporous insulation materials are mixed
with ultrafine particles, inorganic fibers and
infrared scattering materials. Due to excellent
thermal insulation property, the fine pores
can be used at the wall of industrial furnaces
and molten steel containers. The use of the
silica-based nanoparticles was limited due to
crystallization and the shrinkage. Therefore the
silica-based microporous insulation materials
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can only be used as low as 1100 C. Compared
with silica-based materials, the thermal resis-
tance of the alumina-based nanoparticles is
excellent. However, due to phase transition and
the disappearance of the pores at 1200 C, the
use of the alumina-based materials was also
limited. Therefore, the most important thing
in developing highly resistant microporous
insulation materials is the suppression of heat
shrinkage.

Above 1000TC, the dominate form of heat
transfer is radiation. According to the Wien
distribution law, radiation is a kind of light with
the wavelength at micron order. In order to sup-
press heat transfer by radiation, it is necessary
to scatter the light with the same wavelength of
the radiation light. The scattering is influenced
by the wavelength of the light and the size of
the dielectric materials. The kinds of scattering
depend on the size of the dielectric materials
and the wavelength. If the dielectric materials
are smaller than the wavelength, the scatter-
ing is Rayleigh scattering. The opposite is Mie
Scattering.

In the case of Rayleigh scattering, the intensity
of the scattering light is inversely proportional
to the fourth power of the wavelength. The
wavelength of radiation at high temperature
is in the infrared region, which is much larger
than normal dielectric materials. Therefore,
Rayleigh is unlikely to happen. Mie scattering
is independent of wavelength and scattering
intensity is large. To enhance the efficiency of
the scattering effect, it is best to put particles
with the same wavelength in the dielectric
materials.

In summary, the main topic of the develop-
ment of high heat resistant microporous insula-
tion materials is the control of heat shrinkage
and repression of heat transfer by radiation.
Normally, heat shrinkage is controlled by add-
Ing aggregate to the dielectric. Porous materi-
als with fine pores were used as aggregate to
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Fig. 1 Changes in thermal conductivity according
to particle size and weight ratio of porous
aggregate.

Table 1 Changes in pore distribution depend on

weight ratio of porous aggregate

Weight ratio of porous aggregateto nano
Pore diameter particle

/um

0.1 0.2 0.4

0.6> 24 26 33

0.5—1 24 17 13

1-5 33 43 25

5—10 14 5 8

10< 5 9 21
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control heat shrinkage and thermal conductivity.
The particle size of the porous aggregate was
adjusted to enhance the Mie scattering.

2. Experiment

Alumina-based nanoparticles, infrared scat-
tering material, inorganic fibers and porous
aggregate were mixed. The sintered samples
were made by changing the ratio of the porous
aggregate and the size of the particles. The ther-
mal insulating property, thermal resistance and
handling properties were studied by optimizing
the thermal conductivity, thermal linear shrink-
age and bending strength. The processability
and the water resistance were also studied.

2. 1 Thermal insulation

The thermal conductivities of the samples
made by changing the ratio of the porous
aggregate and the size of the particles was
measured (Fig. 1).

The thermal conductivity of the samples with-
out aggregate was high due to the densification
caused by thermal linear shrinkage. The ther-
mal conductivity of the samples was reduced by
adding the porous aggregate. And the thermal
conductivity was as low as the static air when the
ratio of the porous aggregate was 0.2. However,
the thermal conductivity was increased when
the ratio of the porous aggregate was higher
than 0.2. There is no relationship between the
thermal conductivity and the particle size of
the porous aggregate. The light of the thermal
radiation in a wide range can be scattered due
to the non-strictness relationship between the
wavelength and the Mie scattering.

The pore size distribution of the samples
(the ratio was 0.1, 0.2 and 0.4) was optimized
(Table 1). The ratio of fine pores of less than
05um and over 10 um was increased by
increasing the amount of aggregate. There was
no change of fine pores made by the nanopar-
ticles used to suppress the thermal shrinkage
even by increasing the ratio of the aggregate.
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Fig. 2 Changes in linear shinkage due to particle
size of porous aggregate.
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Fig. 3 Changes in linear shinkage due to heating
time at1300 °C.
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However, the fine pores that were the same
size of the aggregate were increased. There-
fore, when the amount of the micron aggregates
used to increase of the efficiency of the radia-
tive scattering were Increased, the radiative
thermal heat was decreased and the convective
thermal transfer was increased due to the large
pores. The smallest thermal conductivity was
optimized when the ratio was 0.2. Therefore,
the ratio of the aggregate was fixed at 0.2 in
the subsequent tests.

2. 2 Heat resistance

2. 2. 1 Maximum working temperature

The thermal linear shinkage was optimaized
by changing the particle size of the porous aggre-
gate (Fig. 2). Based on ASTM C 1676-08°, the
maximum working temperature was evalutated
and the heating condition was 1400 C %24 h.
The thermal linear shrinkage was decreased
by increasing the amount of large particle
size aggregate. When the partice size of the
aggregate was larger than 5 um, the thermal
linear shinkage was less than 2%. Therefore,
the sample has a working temperature as high
as 1400 C.

2. 2. 2 Normal working temperature

To confirm the normal working temperature,
a long-term heating test was carried out (Fig. 3).
The thermal linear shinkage was tested at a
heating temperature of 1300C and heating
time of 720 h. After heating by 480h, the ther-
mal linear shinkage of the sample was 1.5%.
Therefore, it is believed that the sample can be
used in long-term.

2. 3 Handling property - Processability

The modulus of the rupture of the samples
was optimized by adjusting the particle size of
the porous aggregate. (Fig. 4).

Because of the particle size of the aggregate
was increased, the modulus of rupture was
decreased. The modulus of rupture of the
porous sample was influence by the bonding
strength between the particles. The result of
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thermal resistance shows that the thermal
linear shrinkage of the sample became smaller
when the particle size become larger, which
can improve the performance of the samples.
However, when the particles size of the aggre-
gate became larger, the sintering between the
nanoparticles was stopped. Therefore, the bond
the particles became weak. When the particle
size of the aggregate was 5 um, the modulus of
rupture of the sample used at 1400 C was up
to 0.4 MPa which was 2 times higher than the
normal microporous insulation. Therefore, it is
believed that handling property is sufficient.

The processability of the samples made by
porous aggregates with a particle size of 5 um
was measured (Table 2). The appearance of the
samples was observed after being processed by
step and drilling. For comparison, normal micro-
porous insulation materials were processed by
the same method and were observed. For the
step processing test, there was no chipping
on the developed samples, which had a clear
ridgeline on the surface. And there was no
cracking on the samples processed by drilling.
Therefore, compared with the normal micropo-
rous insulation materials, the processability of
the developed samples was excellent.

Table 2 Appearance of samples after processing test

Developed products

Referencel

Reference? Reference3

Bulk density /kgem*® 407

226 366 251

Machining
condition
800 mmemin’'

Processing

test

Drilling
condition

®10

A\\i:u. .
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2. 4 Water resistant

Because of the lamination, the microporous
insulation materials absorbed water very easily.
After sucking in water, the thermal shrinkage
of the samples was high after drying, which
limited the use of the samples due to deteriora-
tion of the thermal insulation”. After immers-
ing for 10 seconds, the appearance and physical
properties of the dried samples (100 C x24h)
were optimized.

The appearance and thermal shrinkage
(plane and thickness direction) of the samples
were observed (Table 3).

After the test, the lamination and volume
shrinkage of the normal microporous insulation
were found. On the contrary, there was no lami-
nation or volume shrinkage in the developed
samples, which means the water resistance of
the samples was excellent.

3. Summary

By adding the porous aggregate, the thermal
shrinkage was suppressed and the thermal
conductivity was lowered. The thermal conduc-
tivity of the sample became as low as static
air by optimized the amount of the porous
aggregate. Consistent with the prediction, scat-
tering as a consequence of the micro aggregate
was confirmed. When the ratio higher than the
optimized value, the number of pores larger

Table 3 Appearance of samples after water resistant test

Developed products

Referencel

Reference? Reference3

Before test

Appearance

After test

Linear

shrinkage / % 0.0

0.9 0.7

Shrinkage
Thickness

shrinkage / % 0.0

3.6 6.6
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than 10 #um increased. Therefore, the thermal
conductivity increased due to the increase in
the convective heat transfer.

The thermal linear shrinkage and the modu-
lus of rupture was influenced by the particle
size of the porous aggregate. The sintering was
suppressed by using the larger aggregate, which
leading to the decrease in the thermal linear
shrinkage. However, by using the larger aggre-
gate, the modulus of rupture was decreased
because of suppressed sintering. Therefore, the
thermal resistance and the modulus of rupture
could be balanced by using the proper particle
size of aggregate.

The processability and water resistance of the
fabricated microporous insulation were excellent.
The thermal conductivity of the sample was
comparable to static air. The developed sample
can be used at temperature as high as 1400 C
and can be used at the thermal surface in the
furnace. Therefore, this insulation materials can
be expected to save energy.
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