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1 Preface

MMVFs (Man-Made Vitreous Fibers) which are
used as heat insulation, refractories, are made primarily
from glass, rock, clay, slag, or oxide raw materials; by melt
fiberization process"?. Fig. 1 shows a classification example
of MMVFs. RCFs (Refractory Ceramic Fibers) which are
one category of MM VFs has been regulated world wide for
health and safety concern. For example, International
Agency for Research on Cancer categorized RCFs as group
2B, and the Japanese Ministry of Health, Labor and
Welfare began to regulate RCFs since November 1st, 2015.
Under this situation, RCFs have been replaced to AES
(Alkaline Earth Silicate) wools which are not regulated
and produce same production process. However, AES
wools tolerate continuous using temperature above those
of Rock Wools and Slag Wools, but they are below those
tolerated by RCFs, therefore it is difficult to replace whole
application with RCFs®. Application which are difficult to
replace to AES wools, some are using AFs (Alumina Fibers)
but generally the production cost are higher than RCFs
due to different production process. For these applications,
RCFs are still used under Ordinance on Prevention of
Hazards Due to Specified Chemical Substances. A new
LBP (Low Bio-Persistence) fiber which can use at high
temperature rather than AES wools was developed. This
LBP fiber is one of the HTIWs (High Temperature
Insulation Wools) which is exonerated from RCF
regulations and produced by same production process. In
this report, properties and evaluation of the developed
High temperature LBP fiber are reported.

1 Development of High temperature LBP fiber
1+1 Classification of carcinogens at Europe

Fig. 2 shows chemical composition of HTIWs.
MMVFEFs containing more than 18% by weight of alkaline
and alkaline earth oxide can be classified category 2 by the
European CLP (Classification, Labelling and Packaging)
regulation and the class is different from RCFs (Category
1B). Developed high temperature LBP fiber was also classified
category 2 and the chemical composition was studied which
had the characteristic of high temperature resistance. Table 1
shows typical chemical composition of this study.
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Fig. 1 Classification example of MMVFs.
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Fig.2 Chemical composition of HTTWs.

Table 1 Chemical composition which included
high temperature LBP fiber / mass%.

AlLO, | si0, | zrO, | Mgo | ca0 | K,0
High temp. LBP fiber | 35.5 | 30.5 7 1 26
1300 grade AES wool 74 0.5 25.5
1200 grade AES wool - 65 - 6 29
1400 grade RCF 35 50 15 -

1-2 LBP fiber

In the CLP Regulation, MM VFs containing more
than 18mass% by weight of alkaline and alkaline earth
oxides are classified as Category 2. In addition, MMVFs
classified in Category 2 have Nota R and Nota Q of
the

are

exoneration from
These

obligatory that fibers that meet these Directives should not

Commission Directives as

carcinogenicity ~ classification. Directives
be classified as carcinogens. LBP fibers are designed for
easily passes out of the body if breathe the fibers. The
developed high temperature LBP fiber was also approved

of exoneration from the carcinogen classification.

1*3 Chemical composition of high temperature LBP
fiber

High temperature LBP fiber was optimized for the
purpose of improving high temperature resistance, and
adopted the system K,O-ALO;-SiO,. This is different
from the system SiO.-CaO-MgO of AES wool. Fig. 3
shows chemical compositions of LBP fiber and AES wool.
The high temperature LBP fiber is a system that contains a
large amount of K»Os in the AbO3-SiO: system with a
high melting temperature range, and succeeded in
achieving excellent fibrillization and high temperature
resistance while complying with the CLP regulation. The
liquid phase formation temperature is 1556 °C. The 1300
grade AES has a high melting temperature for MgO and
CaO alone, but it was difficult to fiberize with good fiber



System K,0-Al,0,-SiO,

S ToR

~2020°

K,O
System SiO,-CaO-MgO

1300 grade
AES wool

~2570"Ca O M g02800°

Fig.3 Chemical compositionsofhigh temperature

LBP fiber and 1300 grade AES wool.
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properties, so the ratio of SiO: is increased and liquid
phase formation temperature is as low as 1320 °C and the
high temperature resistance is poor.

2 Property of high temperature LBP fiber
21 Evaluation of high temperature resistance and
results

One of the high temperature resistance evaluation
methods is the heat linear shrinkage by a blanket. The test
method is to quantitatively evaluate the dimensional
change rate when the blanket product is heated at a
predetermined temperature for a predetermined time as a
shrinkage rate. The details are described in ISO10635 and
JIS-R3311 etc.

In this report, measurement was assumed on the
assumption that the shrinkage rate after continuous
heating for 24 hours at a given temperature was 4% or less,
and each fiber was named by a durable temperature grade.
As shown in Table 2, it was confirmed that the high
temperature LBP fiber can achieve a shrinkage of 4% or
less even at 1450 °C, and has heat resistance equivalent to
that of the 1400 grade RCF.

Table 2 Test results of linear shrinkage ratio

after heated 24 hours.
1100°C | 1200°C | 1300°C | 1400°C
High temp. LBP fiber 3.0 3.1 3.1 35
1300 grade AES wool 0.6 0.8 2.3 >4
1200 grade AES wool 0.3 3.1 >4 -
1400 grade RCF 1.0 1.7 25 2.8

2+2 Evaluation of Physical performances and results
Table 3 shows the results of the physical
performances survey of measured fibers. The shot contents
of 45um or more in high temperature LBP fiber and AES
wools are lower than that of RCF, and the average fiber
diameter is as coarse as 4um or more. The physical
performances of the high temperature LBP fiber are
comparable to the AES fiber and no difference was seen.

Table 3 Test results of physical performance.

Shot content Fiber Tensile Fiber
over 45um | diameter | Strength* | strength
/ weight% / um / kPa / N'mm?2
High temp. LBP fiber 37 4.6 65 548
1300 grade AES wool 42 4.5 65 536
1200 grade AES wool 34 4.1 72 638
1400 grade RCF 45 2.8 >100 >1000

*evaluated by 128kg-m™ blanket product

2+3 Evaluation of FeO resistance
The FeO resistance was evaluated by placing an
iron piece of a predetermined weight on a 128 kg - m? 50
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Fig.4 Theexample of the FeO resistance evaluation
method.
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Table 4 FeO erosion rates after heated/mm*min.

1300°C 1325°C | 1350°C
High temp. LBP fiber 1.2 1.1 1.8
1300 grade AES wool >10 >10 >10
1400 grade RCF 4 >10 >10

{\ " 1300 grade AES wool
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Fig. 5 Test pieces cross section after the end of
the FeO resistance test

mm thick blanket, measuring the erosion depth after heat
treatment at a predetermined temperature for a
predetermined time, and evaluating the erosion depth as
the FeO erosion rates. Fig. 4 shows the example of the
evaluation method.

Table 4 shows the erosion rates by FeO when heat
treated at 1300°C, 1325°C, 1350°C for 5 minutes or 10
minutes. Further, Fig. 5 shows test pieces cross section
after the end of the FeO resistance test after heating at
1325°C for 10 minutes.

The X-ray diffraction patterns of the samples heated
at each temperature for 10 minutes without iron pieces
were measured for reference. Table 5 shows the main

crystal phase obtained from the X-ray diffraction pattern.



Table 5 Observed main crystal phase from X-ray

diffraction patterns.
Before
heated 1000°C 1325°C
High temp. LBP fiber | Amorphous | Amorphous Kalsilite
. Cristobalite
1300 grade AES wool | Amorphous | Wollastonite Wollastonite
Aluminum Silicon Oxide
1400 grade RCF Amorphous | Amorphous Zirconium Oxide
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1) World Health Organization, Environmental
Health Criteria 77 (1988).

3 Results and discussion

As Table 4 and Fig. 5 show, the high temperature
LBP fiber did not show penetration of the blanket due to
FeO erosion after 10 minutes of heat treatment at each
temperature, but 1300 grade AES wool and 1400 grade
RCF showed penetration even at 5 minutes of heat
treatment in the high temperature range. From these
results, it was found that the high temperature LBP fiber
has a significantly lower FeO erosion rate than the other
fibers. In addition, it can be seen that the 1300 grade AES
wool causes also dimensional change due to the shrinkage
reaction under high temperature. As shown in Table 5, the
shrinkage of 1300 grade AES wool is considered to be due
to crystallization ratio because crystallization was observed
from 1000°C despite the short heat treatment. In addition,
after heat treatment at 1325°C, cristobalite was not
observed in the high temperature LBP fiber.

4 Conclusions
The following findings were obtained for high
temperature LBP fibers.
(1) A high temperature resistant fiber with low residual
in vivo
(2) Fiber with a shrinkage of 4% or less after heating at
1450° C
(3) Physical property value is not much different from
AES wool.
(4) It is a fiber excellent in scale resistance because of low
reactivity with FeO.
(5) Unlike AES wool, cristobalite is not generated even
after high temperature heat treatment.

This high temperature LBP fiber is used in
continuous casting equipment of the steel industry, and
has been confirmed to have a longer life than 1300 grade
AES wool as a nozzle wrapping material and a consumable

material around a tundish.
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