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Abstract

Since ceramic fiber products are essential for global environment protection application uses such as
energy saving or reduction of CO: gas emission, it is prospected that demand will increase more and
more. When nonfibrous particles (shots), which are subordinately generated in the fiberization process of
ceramic fiber, drop off from fiber blanket products, they cause surface defects on steel plates processed
in surface treatment facilities. In order to prevent such problems, minimization of shot content in fiber
blanket products is required. In this article, a new AF product, “FIBERMAX 1600SF", with markedly

reduced shot content is introduced.

1. (>FCHIC 1. Introduction

V727 KN)=tZ53v 7774 /N—(RCF) 3 AEHY Due to its stability at elevated temperatures, as
MHEDP TEHER COREMEBVIFMLAELS, 7AN well as superior thermal insulation efficiency among
A MDORBRE UTIHAEERE CTL<MASINTLS, various kinds of artificial mineral fibers, refractory

RCFDZEMICDNTIE, B<HSEEIATTHN, 1988 ceramic fiber (hereinafter referred to as RCF) is
FICEBEN AR (IARC) [CE>TITAICHT RN A broadly applied in fire-resisting insulation application
DOgeENH 3] & LT, 7I—TF2BICIBESNZ. BA uses as a substitute material for asbestos.
(EHVTEH2015FCHBLZERmEADEIC K WRCFE The safety of RCF has been investigated from
RECFYERESTHRIDOEESE 2YE(CIEESN, £ early, and RCF was categorized as Group 2B
AROEEDBEARNEE B D1, (possible carcinogenic agent) in the classification

COEDBHT, R[HRKHADTIVA) 7 =R )5 — of International Agency for Research on Cancer
N(AES) D=L 7 L2 F T 714 /)3— (AF) NDUIBEHE (IARC) in 1988. In Japan, RCF was classified as
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Fig. 1 Schematic diagram of fiberization process
by blowing method.

second category of specified chemical substances
in the Ordinance on “Prevention of Dangers
Due to Specified Chemical Substances” in the
amendment of Industrial Safety and Health Act in
2015, associated with obligatory requirements to
take necessary measures for preventing dangers or
health impairment of workers from RCF products.
Under such circumstances, RCF products have been
gradually substituted for with alkaline earth silicate
(hereinafter referred to as AES) wool or alumina fiber
(hereinafter referred to as AF) products, both of
which are exempt from the regulations. In the past,
the heat resistance of AES was inferior to that of
RCF. Recently, AES with 1400°C heat resistance was
developed and has been provided by our company
under series brand name “ISOWOOQOL BSSR™ The
characteristics were previously reported”.

AF products composed of mineral components
of alumina and/or mullite are applied as thermal
insulators, automotive sealing materials or composite
materials, all of which are used at highly elevated
temperatures where RCF is hardly adoptable. Our
company is manufacturing and providing such AF
products under the “FIBERMAX 1600” brand name.
This time, a new AF product, “FIBERMAX 1600SF”, in
which the content of nonfibrous particles (shots) has
pbeen minimized, is being placed on the market. The
characteristics of the new AF product, “FIBERMAX
1600SF”, are introduced in this article while
comparative reviewing the production process of
ceramic fiber products.

2. Production Process

The blowing method and spinning method, which
are collectively called the melt fiberization process,
are applied for fiberization of RCF or AES products.
In the blowing method, a mixture of high-purity
natural raw materials such as kaolin or wollastonite
are heated-up to roughly 2000 ‘C and melted in an
electric furnace along with other raw materials such
as alumina and/or silica sand, and a continuously
outflowed slimline stream of meltis stretched-outinto
thin amorphous fiber by high-velocity air flow. In the
spinning method, a similar kind of melt is discharged
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Fig. 2 Schematic diagram of fiberization process
by spinning method.
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onto high-speed spinning wheels as slimline stream,
which is stretched-out into thin amorphous fiber by
centrifugal force. Schematic diagrams of fiberization
in the blowing and spinning methods are illustrated
in Fig. 1 and Fig. 2, respectively. In both fiberization
methods, fiber products are manufactured by
stretching out slimline stream of melt of which, the
viscosity is secured within an appropriated range for
smooth fiberization. However, since, the viscosity of
the melt with RCF or AES compositions is sensitive
and dependent on temperature, the temperature
range for appropriate viscosity is quite narrow,
part of the melt stream is not properly stretched
out to fiber product but fragmented to nonfibrous
particles (shots). The shape of the shots is various
from perfect spherical particle to crescent or
comma-shaped beads associated with their size
ranging from several tens to several hundreds um
(micrometers). Since, in comparison with fibrous
shape, the volumetric fraction of these shots is too
small to contribute to thermal insulation efficiency
or mechanical strength of the fiber product, their
existence causes deterioration of thermal insulation
properties?. In addition, when shots in fiber blanket
product drop off in the production line of certain
manufactured goods, they contaminate the goods
as alien objects.

Since melt with AF compositions is characterized
by a much higher melting point as well as small
amount of glass forming oxide components such as
SIO., fiberization is not usually carried out by the melt
fiberization process. Instead, fiberization of AF fiber
products is performed by the precursor method?.
The schematic diagram is shown in Fig. 3.

In the precursor fiberization method, aluminum

Alumina
Fiber

Fiberization

Sintering

Fig. 3 Schematic diagram of fiberization process by precursor method.
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Fig. 4 Exterior appearance of blanket product.

chloride and/or aluminum salts such as oxyacetate
aluminum are used as the alumina source. As
the silica source, colloidal silica and/or siloxane
compounds are used. Mixed solution of these raw
materials, into which organic polymer is admixed
as viscosity modifier, is condensed under reduced
pressure atmosphere in order to prepare the spinning
solution. After fine adjustment of the spinning
solution viscosity making it suitable for fiberization, a
precursor (inorganic polymer) is fabricated as a fiber
form precursorinaroomwiththe interior temperature
and moisture properly controlled. Since spinning
solution viscosity can be appropriately adjusted by
admixing viscosity modifier, the amount of shots
generated in the fiberization process is markedly
lowered in comparison with the melt fiberization
process. By applying a needling arrangement on the
laminated fiber form precursors, a blanket product
is prepared. The needled blanket product is fired
at 900-1300C in a reheating furnace to remove
moisture and organic components as well as to
crystallize the fiber body. In the firing treatment,
the fiber form precursor is transformed, via crystal
structure of intermediate alumina such as r-alumina,
6-alumina or B-alumina, finally to polycrystalline
fiber composed of corundum or mullite. The firing
conditions for AF products which are applied at high
temperatures of 1400-1600 C are adjusted so that
the crystallization ratio of the final crystal phases is
secured to be 50-80 %. As for fiber products which
are applied for fiber-reinforced composite materials
for which extremely high heat resistance is not
required or for other application uses which require
strong mechanical strength, the firing conditions are
adjusted so that majority of the fiber crystal phases
are occupied with intermediate alumina’s.

For the fiberization process in the precursor method,
the “melt blowing method”, in which fiber form
precursor is extruded from fine diameter nozzles
and the “spinning method”, in which discharged fiber
form precursor is stretched out by centrifugal force
are applied. Shot content in “FIBERMAX 1600SF”
is minimized by optimizing the manufacturing
procedures in the precursor fiberization method.
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Table 1 Comparison of properties of
FIBERMAX1600 blanket products

Properties 1600SF| 1600

Bulk density / kg-m” 130 130
Shot content 212umON 0.0 0.0
/ mass% 45 MON 0.7 5.7

at 1300 Cx24h | 0.3 0.4
at 1400 Cx24h | 0.9 0.7
at 1500 'C X 24h 1.2 1.0

Linear shrinkage
/%

600 C 0.15 0.15
Thermal conductivity .
JWorn K 800C 0.21 0.22
1000 C 0.30 0.31
Chemical composition ALOs /2 /2
/ mass% Sio 28 28
Tensile strength / kPa 103 76
5.0 : .
45 —e— FIBERMAX1600SF [

e FIBERMAX 1600

o -
0o
}

[ 4

Linear shrinkage at 1500 'C / %
N
[Sal

0 50 100 150 200
Heating time / h

Fig. 5 Comparison of linear shrinkage after
holding at various time at 1500 C.
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3. Evaluation Methods

The exterior appearance of fiber blanket, the core
product of fire-resistant thermal insulation fiber, is
shown in Fig. 4. The shot content, tensile strength,
linear shrinkage during heating treatment and
thermal conductivity of “FIBERMAX 1600SF” and
“FIBERMAX 1600” blanket products, were evaluated
in accordance with JIS R3311 (Ceramic fiber
blanket), ISO 10635 (Methods of test for ceramic
fiber products) and JIS R2616 (Testing method for
thermal conductivity of insulating fire bricks).

4. Evaluation Results

4. 1 Physical and chemical properties

The physical and chemical properties of
“FIBERMAX 1600SF” and “FIBERMAX 1600” are
comparatively shown in Table 1. In comparison with
“FIBERMAX 1600" blanket, the shot content in
“FIBERMAX 1600SF” is markedly lowered to 0.7 % in
45 umON shot content. Due to the increase of fiber
component in the blanket, the tensile strength of
“FIBERMAX 1600SF” was increased by roughly 30 %
that of conventional “FIBERMAX 1600”. “FIBERMAX
1600SF” and “FIBERMAX 1600” blanket products
exhibit almost equal thermal conductivity.
4. 2 Fire resistance

The thermal shrinkage behaviors of “FIBERMAX
1600SF” and “FIBERMAX 1600" blanket were
evaluated by heating at 1500 C for a long period.
As shown in Fig.5, no significant differences in
thermal shrinkage behavior are observed between
“FIBERMAX 1600SF” and “FIBERMAX 1600” blanket
up to 168 hours’ heating, which means that both
blanket products exhibit equivalent fire resistance.

5. Conclusion

The characteristics of new AF product, “FIBERMAX
1600SF”, which has been placed on the market
recently are reviewed in this article.

In comparison with a conventional AF product,
“FIBERMAX 1600” and “FIBERMAX 1600SF” are
characterized by lessened shot content as well
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as higher tensile strength along with equivalent
levels of linear shrinkage in heat treatment and
thermal conductivity. It is expected that new AF
product, “FIBERMAX 1600SF”, will be applicable
for surface treatment facilities of steel plates
where contamination with alien matters should be
avoided.

At present, block products and shaped bodies
in which “FIBERMAX 1600SF” has been applied are
under development. At the same time, new fiber
products which do not contain inhalant fiber (WHO
fiber) are also under development in view of health
issues.
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