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Abstract

Examples of functional improvement by adding fillers to AES molded products are introduced.

The cushioning property of filler added AES molded products was examined. Furthermore, the

improvement of shape retention after heating and cooling by adding glass fiber was studied.
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1. Introduction

Production of refractory ceramic fibers
(the same below is RCF) began in Japan from
1960s. Since then, RCF have been used in
steel, metals, industrial furnaces, etc. as high-
temperature insulation fibers that can be used
exceeding in temperatures 1000 C. However,
the revision of the Ordinance on Prevention of
Hazards Due to Specified Chemical Substances
enforced in November 2015 strengthened the
requirement for wearing protective equipment,

appointment of a supervisor, and enhancement
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of dust control when handling RCF. For this
reason, switching to alkaline earth silicate wool
(here in after referred to as AES wool) and
alumina fiber (here in after referred to as AF)
is progressing, and the equivalent function is
required as an alternative fiber for RCF. AF
has been used abundantly for a long time, but
it is expensive, therefore, higher functionality
AES wool was demanded. RCF and AES have
different crystallization behaviors. For example,
RCF gradually crystallizes during long-term
heating at 1000 C, whereas the crystallization
speed of AES wool is fast, therefore, the linear
V. AES

wool has been reported to melt at a lower tem-

shrinkage rate of AES wool is larger

perature than RCF?. Therefore, some molded
products made by AES wool cannot achieve the
same quality as RCF in cases of some specific
usage environments. To solve this problem,
it has been reported that when silica powder
is added to AES molded products, it acts as
a steric hindrance to suppress deformation
due to fiber softening. This enables the same
heat resistance as RCF molded products to be
obtained”.
expected to be achieved by the adding fillers to
AES molded products.

Increased AES molded product functionality

Thus, functional improvement is

by the addition of glass fiber is reported on in
this paper.

2. Experiment

AES molded product development was based
on a blend using three types of raw materials
such as AES wool, inorganic binder, organic
binder. And a filler was added. As a compari-
son, RCF molded products without filler were
also evaluated. AES wool and RCF were both
1300 C grade.

2. 1 Evaluation of cushioning property

Sometimes, a certain cushioning property is
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Fig. 1 Relationship between displacement and

compressive load.
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required of molded products. Cushioning refers
to flexibility and resilience. Thus, the cushion-
ing property was evaluated because the molded
products are easily collapsed by stress, such as
compression, when the strength of the molded
products is high. The cushioning property
was evaluated by measuring the compressive
strength of the molded products by compres-
sion load measurement. Silica powder, alumina
silica powder, and glass fiber were used for the
filler.

The test piece was cylindrical, and a load was
applied at a stroke speed of 2 mm-min™ from
the top of a standing cylindrical sample, and the
compressive strength was measured.

2. 2 Evaluation of shape retention after
heating and cooling

Molded products are pulverized after use at
high temperatures due to burning of organic
binders and embrittlement of fibers. In addition,
when molded products are used as cushioning
materials, they may be pulverized after being
used depending on application, such as pulveri-
zation by load. Due to this situation, glass fiber
was added to the samples and shape retention
after heating and cooling was evaluated.

The compressed powdered samples were
heated at 1000 C x 8h, and then, the shape
retention after heating and cooling was evaluated
by whether it could be handled. Furthermore,
the microstructure of the filler (before and after
heating) was observed with a scanning electron
microscope (SEM).

3. Results and Discussion

3. 1 Effect of glass fiber addition
3. 1. 1 Cushioning property
The

and compressive load is shown in Fig. 1. The

relationship between displacement

compressive strength was defined by the
maximum load of the curve. Alumina silica
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powder and compressive strength.
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Fig. 3 Relationship between amount of glass fiber
and compressive strength.

powder-added AES wool molded products had
a compressive strength about two time higher
than RCF, but the cushioning property was poor.
It was confirmed that silica powder or glass
fiber-added molded products had the same com-
pressive strength as the RCF molded products,
and the cushioning property was same as the
RCF molded products.

Figures 2 and 3 show the relationship between
the amount of silica powder or glass fiber addi-
tion and the compressive strength that obtained
a cushioning property equivalent to RCF. There
was almost no susceptibility of compression
strength to the amount of the silica powder or
glass fiber added to the molded products.

The effect of glass fiber length in AES molded
products was investigated. Figure 4 shows the
relationship between the fiber length of the
glass fiber and the compressive strength. It was
confirmed that the longer the fiber length of
the glass fiber becomes, the lower the compres-
sive strength and the higher the cushioning
property becomes.

3. 1. 2 Improvement of shape retention after
heating and cooling

Table 1 shows the relationship between glass
fiber length and shape retention after heating
and cooling. When the fiber length exceeds a



Table 1 Relationship between glass fiber length
and shape retention after heating and
cooling
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certain value, the longer fiber length results in
higher shape retention, but the molded products
using the glass fiber with the smallest aspect
ratio had the highest shape retention.
3. 1. 3 Observation of microstructure

AES wool tends to have a larger average fiber
diameter than RCF, thus, it is thought that the
number of fibers in the molded products is small
so that there is a little entanglement between
fibers. Therefore, if the organic binder burns
out after heating, it is thought that the shape is
difficult maintain and the crystallized fibers are
easily pulverized. On the other hand, according
to observation of the glass fiber-added molded
products before and after heating, the following
were confirmed. If the fiber length of the glass
fiber exceeds 1 mm, the glass fiber melts and
becomes spherical among the AES wool and
the AES wool penetrates into the bigger sphere
(Fig. 5). This phenomenon is considered to be a
local binding mechanism that fixes AES wool
together. When the length of the glass fiber
was as short as 0.05 mm, no glass sphere was
formed (Fig. 6). It is speculated that when the
aspect ratio of the glass fiber is small, a film is
formed. This is considered attributable to the
molded structure of which the voids in the wool

SEM image of AES molded parts using over 1 mm glass fiber heated at 1000 °C.
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Fig. 6 SEM image of AES molded products using
0.05 mm glass fiber heated at 1000 °C.
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were filled by the smaller aspect ratio glass
fibers. For this reason, the binding effect and
shape retention of the glass fibers with smaller
aspect ratio is superior to the long one.

From this, it is expected that the shape main-
taining property after burning out the organic
binder can be improved by adding glass fibers
with an appropriate aspect ratio and length.

4. Summary

As a countermeasure for the RCF regula-
tions enforced in November 2015, AES molded
products were developed as an alternative to
RCF molded products. In order to add new
functions to AES molded products, adding glass
fiber as a filler is a promising technology. It was
confirmed that glass fiber-added AES molded
products possess the same cushioning property
as RCF molded products. In addition, the glass
fiber-added AES molded products were evalu-
ated to have suppressed the embrittlement and
pulverization of the molded products due to the
burning out of the organic binder after heating.
Shape retention after heating and cooling was
also improved.

It was also confirmed that although the lon-
ger length of the glass fiber provides a higher
cushioning property, the effect of the added
amount was small. The shape retention of the
molded products after heating and cooling was
improved further by adding small aspect ratio
glass fibers.

It was clarified that the new functions could be
developed and the functions could be improved
by adding appropriate types and amounts of
fillers to AES molded products.
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