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Abstract

Refractory ceramic fiber (RCF) has been classified as specified chemical substances (second category)

in an amended ordinance in “Prevention of Hazards Due to Specified Chemical Substances”, in the RCF

regulations. For this reason, the substitution of alkaline earth silicate wool (AES), which is exempt from

the regulations, for RCF has been proceeding.

From among the authors’” company’s BSSR products the brand names of AES, BSSR board and BSSR

vacuum formed shapes are introduced in this article, touching on their characteristics and applications.

By modifying raw material compositions, some BSSR products have been improved so as to secure better

health safety.

1. #8
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1. Introduction

Among artificial mineral fibrous materials, high
temperature insulation wools with superior heat
resistance are collectively called ceramic fiber. High
temperature insulation wools are comprised of
refractory ceramic fiber (RCF), alumina fiber (AF),
alkaline earth silicate wool (AES) and so on. Among
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them, RCF which is classified an amorphous fibrous
material and applicable at high temperature of over
1000 C, has been used as a substitute insulation
material for asbestos in the steel, non-ferrous
metallic and industrial furnaces industries.

The safety of RCF was evaluated earlier on. In
1988, RCF was categorized as “Group 2B” (possible
carcinogenic agent) in the International Agency for
Research on Cancer (IARC) classification. In Japan,
RCF was classified as specified chemical substances
(second category) in an amended Ordinance in
“Prevention of Hazards Due to Specified Chemical
Substances” in 2015, in association with the fortification
of the following obligatory managements of the
manufacturing and handling of RCF ;

(1) Duty of notification on manufacturing/handling
of RCF, (2) Working environment measurement,
(3) Required measures for Specified Chemical
Substances, (4) Appointment of operation chief, (5)
Special health examination, and so on.

Under such circumstances, AF or AES which are
exempt from the regulations have been used as
substitutes for RCF". Because of the quite expensive
price of AF products, which attain good practical
application results with applicability at higher
elevated temperatures, as well as because of
concerns for thermal behavior of AES which, due
to rapid crystallization by excessive temperature
rise, can exhibit marked shrinkage”, complete
replacement from RCF to these fibrous materials is
still unfinished.

Under such circumstances, further development
and improvement of AES products have been carried
out so as to achieve similar performance to that of
RCF. Among various AES products manufactured by
the authors’ company, BSSR board and its vacuum
formed products are introduced in this article.

2. BSSR Board and Vacuum Formed
Shapes

Board and vacuum formed shapes made of ceramic
fiber are fabricated by vacuum forming of a mixture
in which ceramic fiber bulk is dispersed in water
along with binder into a forming mold, during which
dehydration by sucking is performed. Afterwards,
demolded BSSR products are completely dried.
Such vacuum formed products are characterized
by a self-supporting property with light weight and
sufficient hardness. As shown in Fig. 1, in accordance
with application purposes, various shapes of BSSR
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General view of BSSR board and BSSR
vacuum formed shapes.

Fig. 1

products can be formed by selecting an appropriate
forming mold, such as flat board, cylindrical or cone
shaped products. The major characteristics of BSSR
board are mainly described in this article. It is noted
that because of utilization of similar raw materials
and fabrication process, equivalent characteristics
are provided to BSSR vacuum formed shapes.

In association with heatproof temperature, BSSR
1200, BSSR1300 and BSSR1400 are available as
BSSR products. Corresponding to each heatproof
temperature, BSSR1200 BOARD, BSSR1200HD BOARD
(high-density product), BSSR1300AS BOARD and
BSSR1400 BOARD are lined up as BSSR board. As for
BSSR board with 1300 C of heatproof temperature,
BSSR1300AS BOARD, an improved product of con-
ventionally supplied BSSR1300 BOARD, has been
introduced into the market from 2021.

2. 1 Characteristics of BSSR board products

The major characteristics of each grade of BSSR
pboard are compared with RCF board in Table 1.
Similarly, the linear thermal shrinkage of each grade
of BSSR board is compared with RCF board held at
various temperature for 24 hours is shown in Fig. 2.
The bulk density, modulus of rupture and thermal
conductivity of BSSR board is almost equivalent to

Table 1 Comparison of characteristics between BSSR boards and RCF board
BSSR BOARD RCF BOARD
BSSR
BSSR BSSR BSSR BSSR 1300
1200 | 1200HD | 1300A5 | 1400 | BOARD | 1290 S
BOARD | BOARD | BOARD | BOARD | (Previous
product)

Temperature grade / C 1200 1200 1300 1400 1300 1260 1400
Bulk density / kg-m” 250 340 250 270 330 250 250
Loss on ignition / %

at 1000 ‘C X 5h 4 4 4 3 4 6 4
Modulus of rupture / MPa 0.7 0.9 0.7 0.7 0.9 05 05
at 400 C 0.09 0.08 0.08 0.08
Thermal at 600 C 0.12 0.12 0.1 0.12 0.10 0.12 0.12
conductivity -
JWem K at 800 'C* 0.18 0.16 0.17 0.17 0.12 0.16 0.16
at 1000 ‘C* 0.22 0.23 0.23
at 1100 ‘C X 24 h 15 15
Linear at 1200 ‘C 24 h 25 2.7 2.4
shrinkage
/% at 1300 ‘Cx24 h 2.1
at 1400 ‘C X 24 h 24

% Calculation value
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Fig. 2 Comparison of linear thermal shrinkage after
holding at various temperatures for 24 h.
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those of RCF board. Similar to RCF board, all the
BSSR boards exhibit less than 3% linear thermal
shrinkage up to heatproof temperature. A greatly
different aspect of BSSR products from RCF products
is marked shrinkage caused by rapid crystallization
induced by heating at over heatproof temperature.
Because of this aspect, adequate care is required for
application of BSSR in the temperature range close
to that corresponding heatproof temperature. Use
of BSSR at temperatures at over 200 C lower than
the corresponding heatproof temperature is highly
recommended. Consequently, RCF or AF still need
to be adopted for application uses at over 1200 C
operation temperature.

Classification of BSSR and RCF board in the
ordinance on “Prevention of Hazards Due to Specified
Chemical Substances” is comparatively shown in
Table 2, along with a contained carcinogenic agent
classified by IARC. Since RCF board is hardened
by binder addition, its simple handling is exempt
from regulations. When RCF board is processed
or demolished, however, it must be carried out
according to regulations because of generation and
divergence of dusts. Operation all applications of
BSSR board are exempt from the regulations. As for
category of carcinogenic agent classified by IARC,
none of the raw materials currently used for BSSR
board is classified as a carcinogenic agent. That is,
BSSR board is quite safe for workers’ health.

2. 2 Heat resistance improvement by filler
addition

It has been reported that functionality of AES
board is improved by addition of filler**. Since BSSR
board to which filler is not added exhibits bigger
linear thermal shrinkage than RCF board; that is,
inferior heat resistance, filler is usually added to
BSSR board to secure low linear thermal shrinkage.

In order to achieve equivalent linear thermal
shrinkage, a large amount of filler A was added
to conventional BSSR1300 BOARD. For to this rea-
son, several difficulties accompanied the addition,
such as worsened handling ability caused by high
density or frequent breakage during transportation
because of fragility. In addition, despite inexpensive
procurement cost, filler A, which is composed
mainly of crystalline silica, is categorized into
“Group 1” (carcinogenic agent) in the classification
of IARC; that is, higher carcinogenic risk than RCF
which is classified in IARC as “Group 2B” (possible
carcinogenic agent).
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Table 2 Classification of BSSR and RCF boards in ordinance on “Prevention of Hazards Due to
Specified Chemical Substances” and carcinogenic containing agent classified by IARC

BSSR BOARD RCF BOARD
BSSR1300
BOSR BOSR BOSR BOARD 1260 1400
1200 130045 1400 (Previous BOARD BOARD
BOARD BOARD BOARD
product)
Resulation Not classified
in %a an Not classified (Only when not
pan processed)
BSSR BSSR BSSR BSSR RCF | RCF
. Group 2B
Agents Fiber Not classified Possibly carcinogenic
classified to humans
f R
moate?i\;vls Filler B Filler B Filler C Filler A None | None
(IARC) Filler Group 1
Not classified Carcinogenic
to humans

*Ordinance on Prevention of Hazards Due to Specified Chemical Substances
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Thereupon, filler B which can improve linear
thermal shrinkage of BSSR board with a small
addition and is categorized into the no carcinogenic
risk category is added to BSSR1200 BOARD and
BSSR1300AS BOARD. With the adoption of filler B,
sufficient heat resistance of BSSR board is secured in
association with lighter weight as well as safety for
workers’ health.

The mechanism for the linear thermal shrinkage
improvement attained by the addition of filler B
has not yet been clarified. Since the linear thermal
shrinkage of BSSR board is remarkably improved by
a small amount of filler B addition, it is inferred that
the improvement is achieved by a chemical reaction
pbetween filler B particles and BSSR fibers rather
than physical effect where, like filler A addition, filler
particles are three-dimensionally packed into space
petween BSSR fibers.

Since the 1400 C heatproof temperature required
of BSSR1400 BOARD is not satisfied by filler B
addition, filler C which enables improvement of
heat resistance as well as securement of safety
for workers’ health was adopted. Filler C is costly
in comparison with filler A and filler B. In addition,
unlike filler B, a small amount of filler C addition
does not create sufficient improvement in reduction
of linear thermal shrinkage. By reducing added of
filler C added to less than that of conventionally
added filler A, low bulk density of BSSR1400 BOARD
is ensured with minimized cost increase.



Product

No.67 2024

W ORRZEMLEERTETS V1 7—Ce@ALiE. 71
Z—Cld712—A 714 5-BEHEELTEMTHY,
7 1 Z—BD KD ICHMED AN TS NDFAKRIH;EZR DALY
RODEWNEDOD, FNEZ 7 1 T —AKW HHIE UIEE
BtT2IETARMNEMRBZENTE I,

2.3 B&

ERMET —ILOEREZRE, RERFEDFEDS 1=
2T, Ny IT Yy FHELUTERENS, ZOHTEH,
A—R-BERITZ 27y NEREZE R L T EEM
PEEN, MRT—IVEICBNEZEHS, FPREVYE
HEETDUREDHDEM, > —IIMFCHEONEIE
HE WL,

AESOARIFRCFANSRE<SZED D> TWEL, RCFAREH]
R, FESCRLIEORTEEEZZEREL CRCF7 ) —
mHitE L1 ——h5, AESAYINEZ ZBHH% <
Bo T3, FFICHHDERITE, 7ILIBFU, HZX
BRYP, REPZEOLBRIMERDAE TE/\— RILAEL
cEBHY, YWBZINBEATH D,

E7L—=ROEVDFIZCDONT, T000CULTDIE
&1 T(FBSSR1200R8 — K, 1000~1200C D #EH T
(FBSSR1300AS/R — K, BSSR14007R — R ANREIR SN
%, ¥z, RENHNELBACISEE BRERTHS
BSSR1200HDR— RAEIREN B,

172U, AESOBEROES £, MEEDMICHMEM®
MAKEE WS TEE TERCFERBDEHHE LD EN 5,
FERBREBEICL > TIYIWEBZ 2T ORIICALZHERT S
BN B0

3. F&H

RCFARHI(CH L), BEMDERD SHRHNRARRET
HBDAESHBADYNBIRENTEF 2TV D, JHTH
AESHEDZ A >y THEARVUBEAREEDTH ),
BSSR120078— K, BSSR1200HDAR— K, BSSR1300AS
A—R,BSSR1400R—R&EZ1>F v LTWS. FI,
ZNZENAEREICIH UIERRQBRARD G (C D W TEH I
OJgETH Bo

2. 3 Application uses

High temperature insulation wools are mainly
applied as lining or back-up materials for combustion
furnaces used for baking, burning or calcinating.
Since, in comparison with blanket products, board
and vacuum formed shapes are characterized by
better abrasion resistance, wind-velocity resistance
and corrosion resistance to mill scale, they are
frequently applied as working relining material,
framework member, or sealing material which con-
tact with molten material.

Application of AES are not much different
from those of RCF. Many examples of customers
replacing RCF with AES exist, putting consideration
on workers’ health safety as well as the onerous
RCF regulations, “free from RCF” policies have been
reported. Because of little technical difficulties,
replacement with AES is vigorously conducted at
furnaces with relatively low operation temperature,
such as aluminum melting furnaces, glass melting
furnaces or deodorizing furnaces.

Atunder 1000 C operation temperature, BSSR1200
BOARD is applied. For operation temperatures
ranging from 1000 “C to 1200 C, BSSR1300AS BOARD
or BSSR1400 BOARD are adopted. When strength
of relined board is required, BSSR1200HD BOARD
with high mechanical strength and higher density is
selected.

Since, due to chemical compositions, the corrosion
resistance or water resistance of AES can be different
from those of RCF, durability of AES under any given
operational conditions needs to be evaluated in
advance.

3. Conclusion

Because of the regulations on RCF, demands for
substitution with AES, which is exempt from the
regulations are increasing from a safety viewpoint.
Ampliation of the AES products line-up has been
carried on at the authors’ company along with
their improvement, resulting in an abounding
line-up of BSSR boards consisting of BSSR1200
BOARD, BSSR1200HD BOARD, BSSR1300AS BOARD
and BSSR1400 BOARD. In addition, various shaped
BSSR products are suppliable in order to satisfy
application purposes.

As for the characteristics of BSSR products, almost
equivalent characteristics of RCF products have been
realized. Since, unlike RCF, marked linear thermal
shrinkage by excessive heating is a concerned for
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