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Abstract

Ceramic fiber is a fibrous lightweight material with refractoriness. Today, there are various

grades in ceramic fiber and they are used for various furnaces operated at temperature higher than

1350°C due to effective thermal insulation and low heat capacity. Among various grades ceramic

fiber, the most suitable one for high temperature furnace is the grade of a alumina and mullite

content. But this grade has disadvantage of higher cost. Therefore, most common practice is to use

a combination of lower cost grade of ceramic fibers.
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1. Introduction

Ceramic fiber (hereinafter called CF*') is a
fibrous lightweight material with refractoriness,
made of mainly alumina and silica. It has highly
efficient of thermal insulation due to its fibrousness
and low heat capacity due to its lightness in weight.
Making full use of those characteristics, CF is used
for various industrial furnaces as a material for
thermal insulation.

During the initial stage, CF was used for rela-
tively low temperature furnaces at around 1000°C.
After its supremacy of energy efficiency was recog-
nized, applications for higher temperature furnaces
were diligently pursued. Today with the develop-
ment of high temperature grade CFs, they are even
used for reheating furnaces operated at tempera-
tures higher than 1350°C.

2. Various Grades of CF and Their

Refractoriness

(1) Standard Grade (up to of 1260°C Alumina-Silica

content)
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Fig. 1 15A HIBRID UNIBLOK.
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The weight ratio between alumina and silica is
about 47 : 53. The heat shrinkage after heating for
24 hours, an indicator of thermal insulation
efficiency is: 2% at 1100°C, 3% at 1200°C, 4% at
1300°C and 13% 1400°C.

(2) Grade 1400 (up to of 1400°C Alumina-Silica-
Zirconia content)

The weight ratio between alumina, silica and
zirconia is about 35 : 50 © 15.

The heat shrinkage is : 2% at 1200°C, 3% at 1300
°C and 5% at 1400°C.

(3) Grade 1500 (Alumina-Silica-Chromia content)

The weight ratio between alumina, silica and
chromia is about 40 : 58 : 2. The heat shrinkage is :
1% at 1300°C and about 2% at 1400°C.

(4) Grade 1600 (a-Alumina and Mullite content)

Heat-treated in the process of manufacturing. As
Grade 1600 CF is already crystallized, shrinkage due
to crystallization doesn’t occur in use. Therefore,
compared with other CFs, its thermal shrinkage is
relatively minimal. About 0.5% at 1400°C

3. Fiber Orientation and Thermal Shrinkage
of CF

CF has a fiber orientation which is attributed
to the manufacturing method of the fiber.
Accordingly, its thermal shrinkage shows the effect
of fiber orientation.or example, a blanket made of
CF (standard blanket is 7.2m long, 600mm wide and
20mm thickness) has its fiber orientation towards
both its length and width not towards its thickness.
The thermal shrinkage of the blanket is more
noticeable towards the direction of its length and
width than towards its thickness. The thermal
shrinkage towards its thickness stays within
60~70% of the shrinkage towards its length and
width.

4, Applications to High Temperature Furnaces

(1) Shapes of Products
For low temperature furnaces, CF is installed
with metal stud bolts or twist lock pins like attach-

ing wallpaper on the furnace wall. However, those
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Fig. 2 Anchoring methods.
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bolts and pins are not usable with high temperature
furnaces because the metal anchors are exposed, and
CF can’t be handled like wallpaper. Development of
fiber block (module) was the solution for this prob-
lem. The fiber block has a built-in anchor which can
sustain high temperatures. The block is made by
putting together several blankets cut in rectangles
or uses a multifolded blanket. The blocks are in-
stalled, so that the blankets are perpendicular to the
furnace wall reducing gaps caused by shrinkage.

Fig.1 shown here is a combination of Grade 1500
and Grade 1600 Isolite 15A Hybrid Uniblok.

(2) Anchoring Methods

As shown in Fig.2, several methods for mounting
blocks to furnaces have been developed to best a
wide variety of applications. Those methods include
stud bolts welded on the casing and anchors pierced
into the blocks.

The bolts and anchors are tightened with nuts
and washers: Anchors are implanted in the blocks.
The blocks are mounted to the furnace wall by
tightening the anchors and stud bolts using special
nuts: An anchor with a stud bolt is implanted in
each block. Blocks are tightened from outside the
casing through holes in the casing.

(3) Properties

Table 1 shows properties of various grade of

Table 1 Properties of various grades of UNI-BLOK

1260 UNI-BLOK | 1400 UNI-BLOK | 1500 UNI-BLOK HYBR”%;ELBLOK
Max. Service Temp. (C) 1260 1400 1500 1600
Bulk Density (kg/ ) 160 160 160 160
Thermal Conductivity (W/mK)
400 0.09 0.09 0.09 0.09
600°C 0.14 0.14 0.13 0.13
800°C 0.20 0.20 0.17 0.17
1000 0.28 0.28 0.24 0.24
Shrinkage by Heat (%)
900°C X 24hrs 05
1000°C X 24hrs 10 0.2
1100°C X 24hrs 13 1.0 0.6
1200°C X 24hrs 15 09 0.8
1300°C X 24hrs 1.2 1.1
1400°C X 24hrs 1.7 16
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UNI-BLOCK.
5. Conclusions

Among various grades of CF, the most suitable
one for high temperature furnaces is the grade of
a alumina and mullite content due to minimal
thermal shrinkage. But the disadvantage of this
grade is the cost of materials and also manufactur-
ing. Therefore, today's most common practice,
aimed at total cost reduction, is to use a combina-

tion of different grades of CF.

%1 CF
CF is a man-made mineral fiber, made of
mainly alumina (Al,O,) and silica (SiO,), it
includes noncrystalline refractory ceramic fiber

(RCF), crystalline alumina fiber and mullite fiber
(AF)



