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Abstract

With the amendment of the Industrial Safety and Health Act, in which refractory ceramic fiber
(hereinafter abbreviated as “RCF”) is classified as one of the Group-2 substances specified in the
Ordinance on Prevention of Hazards due to Specified Chemical Substances, substitution of alkaline
earth silicate wool (hereinafter abbreviated as “AES”), which is exempted from the regulations
for RCF, has been promoted. In order to satisfy the increasing requirements for AES products
applicable at elevated temperatures, AES products with higher temperature grade are being

developed. AES products with various temperature grades are compared in this report.
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1. Introduction

Since its industrial production in 1960s,
refractory ceramic fiber (RCF), fireproof and
thermal insulation fiber material, has been
broadly utilized for heat insulation application
uses at high temperature industry facilities.
However, after categorization into “Group 2B
(possibly carcinogenic to humans)” by the
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Fig. 1 Exterior appearance of blanket product.
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International Agency for Research on Cancer
(IARC) in 1988, commercialization of alkaline
earth silicate wool (AES) with biological solu-
bility was promoted mainly in Europe in 1990s.
Commercial supply of AES products was com-
menced with brand name “ISOWOOQOL BSSR”
(hereinafter simply referred to as BSSR) in
2012 by the authors’ company. At the beginning
of its commercial supply in the domestic market
in Japan, application of AES products was quite
limited. Because of the specification of RCF
as one of the Group-2 substances of Specified
Chemical Substances under the Ordinance on
Prevention of Hazards due to Specified Chemi-
cal Substances as of 1st November in 2015, the
market for AES products has been rapidly
expanding as a substitute material for RCF
In association with increasing requirements
for higher functionality or performance. Even
though, under such a situation, AES products
with similar characteristics or performance to
those of RCF products are requested, it has
been clarified that, when heated up, AES and
RCF with similar temperature grades behave
differently"?. Behavior associated with heat
treatment of AES products in which newly
developed BSSR1400 is included are compared
with RCF products and summarized in this
report.

2. Evaluation Methods

The exterior appearance of a typical blanket
fireproof and thermal insulation fiber product is
shown in Fig. 1. AES or RCF specimens which
are cut off from a blanket product are used for
evaluating shot content (weight percentage of
nonfibrous matter unavoidably contained in
fiber product during its production process),
average fiber diameter, tensile strength, linear
thermal shrinkage associated with heating up
and thermal conductivity. Evaluating analyses
were conducted in conformity to test method
specified in JIS R3311, JIS A1412-1, ISO 10635.
In addition, surface conditions of blanket prod-
uct specimens experiencing heat treatment for
thermal shrinkage measurement were observed
by SEM.
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3. Results of Evaluation

3. 1 Qualities

The physical and chemical properties of AES
blanket products, BSSR1200, BSSR1300 and
BSSR1400, are summarized in Table 1. Because
of its higher temperature grade, the average
fiber diameter of BSSR1400 is intentionally
thickened than that of BSSR1200 or BSSR1300.
For to this reason, BSSR1400 exhibits a little
bigger +212 um shot content as well as slightly
higher thermal conductivity than the other two
products. In addition, the tensile strength of
BSSR1400 is lowered a little.
3. 2 Thermal durability

Thermal shrinkage is listed as one of the
properties for evaluating thermal durability
of a fiber product. For instance, the tempera-
ture grade of a fiber product is specified in
accordance with its linear thermal shrinkage
in EN1094 standard, in which, in the case of
blanket products, the heating temperature at
which thermal shrinkage of fiber products do

Table 1 Comparison of properties of BSSR blanket products

Properties BSSR1200 BSSR1300 BSSR1400
Temperature grade / °C 1200 1300 1400
Bulk density / kgem” 128 128 128
Shot content (+212 um) / mass% 8 6 16
Average fiber diameter / um 2.8 3.3 4.3
Fiber true density / g-cm” 2.6 2.4 2.4
Tensile strength / kPa 120 110 90
at 1100 ‘Cx24 h 0.6 1.8 2.1
Linear shrinkage / % at 1200 “Cx24 h 2.6 2.7 1.9
at 1300 °Cx24 h 20.9 3.3 1.9
at 1400 ‘Cx24 h 9.5 2.8
200 °C 0.05 -
Thermal conductivity / 1007C 0.10 0.06 0.1
Wem K" 600 °C 0.18 0.14 0.19
*calculated value 800 C* 0.28 0.24 0.30
1000 C* - 0.35 0.44
SiO. 73 77 77
Sl:ﬁgr;isc‘;il composition CaO+MgO 29 20 19
Others 5 3 4
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not exceed 4 % after holding at a certain tem-
perature for 24 hours is defined as its durable
temperature.

The thermal shrinkage of three AES blanket
products, BSSR1200, BSSR1300 and BSSR1400
were compared with RCF blanket product,
Isowo0l1400 after holding at various tempera-
tures for 24 hours and are shown in Fig. 2. It
is obvious that, when the heating temperature
exceeds their temperature grade, the thermal
shrinkage of AES products (BSSR) is rapidly
increased. Even though the RCF product
similarly exhibits rapid increase in thermal
shrinkage, such increase takes place at higher
temperature than its temperature grade. When
substitution of AES for RCF is intended, it is
necessary to take into account the difference in
thermal shrinkage behavior between these two
fiber products.

It has been reported that blanket product
thermal shrinkage associated with heating up
is influenced by volumetric shrinkage induced
by crystallization of amorphous fiber, flexure
caused by softening of fibers, or sintering
between element fibers®. It isinferred that, under
1100 C, thermal shrinkage of AES products is
influenced by volumetric shrinkage induced
by crystallization of amorphous fiber but, over
1100 C, it is influenced by flexure caused by
softening of fibers or sintering between element
fibers.
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Fig. 2 Comparison of linear thermal shrinkage after holding at various temperatures for 24 h.
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Table 2 Detected mineral components in heat treated AES and RCF

BSSR1200 BSSR1300 BSSR1400 ISOWOOL1400
Unheated Amorphous Amorphous Amorphous Amorphous
Cristobalite . . Cristobalite .
1100 °C Wollastonite C.Zrlstobaht‘e Protoenstatite . Mulhte .
L Clinoenstatite . Zirconium Oxide
Diopside Enstatite
Cristobalite . . . . .
o . Cristobalite Cristobalite Mullite
1200°C Wol.lastpmte Clinoenstatite Protoenstatite Zirconium Oxide
Diopside
Cristobalite Cristobalite Mullite
1300 °C Cii tatit Protoenstatite Cristobalite
inoenstatite Clinoenstatite Zirconium Oxide
Cristobalite Mullite
1400 °C Protoenstatite Cristobalite
Clinoenstatite Zirconium Oxide
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Table 2 shows the mineral components
detected in AES and RCF specimens which
were kept at various temperatures for 24 hours.
Cristobalite (p=2.3g-cm™® and wollastonite
(p=29 g-cm™ were crystalized as primary
crystal in BSSR1200. While, in addition to
cristobalite, clinoenstatite and protoenstatite
(p=3.2g-cm™) were crystalized as primary
crystal in BSSR1300 and BSSR1400. Because
of the difference in crystalized primary crys-
tals, the volumetric shrinkage of BSSR1200
was smaller in association with smaller linear
thermal shrinkage than that of BSSR1300 and
BSSR1400 under 1100 C.

The surface conditions of fiber products were
observed with SEM before and after heat treat-
ment. The microstructures of AES and RCF
after heating at various temperatures ranging
from 1100 C to 1500 T for 24 hours are com-
pared with those of unheated fiber products in
Fig. 3. Irregularities on the element fiber sur-
face of each BSSR product were observed after
heating and, in accordance with the increase in
heating temperature, such irregularities became
more pronounced. At 1200 C-1400 C, sinter-
ing between element fibers was observed with
the tendency for the sintering reaction in the
fiber products with lower temperature grade
to take place more easily at low temperature.
Even though irregularities were observed on
element fibers of Isowool1400 (RCF) by raising
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Fig. 3 Microstructures of AES and RCF.
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the heating temperature to 1500 C, no sintering
between element fibers was recognized. It is
inferred with such microstructure observation
results that elevation of temperature to the
point at which a sintering reaction takes place
between element fibers is one of the factors for
improving thermal durability of fiber products.

4. Conclusion

- When comparing linear thermal shrinkage
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under 1100 C, BSSR1200 exhibits a lower
value than BSSR1300 or BSSR1400.

- At 1200 T-1300 C, BSSR1400 exhibits less

linear thermal shrinkage than BSSR1300.
In addition, the thermal conductivity of
BSSR1400 is higher than that of BSSR1300.

- Since, in comparison with RCF, BSSR (AES)

tends to be easily deteriorated by heat treat-
ment at higher temperatures than its tem-
perature grade, such weakness needs to be
taken into account for its application.
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