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Abstract

The demand for microporous insulation material predicted to increase more and more, because of

its great contribution to energy conservation and/or reduction of CO. emission realized by superior

thermal insulation efficiency. In addition to the microporous insulation material products which have

been provided as LTC series by the authors’ company, microporous insulation material with flexibility,

LTC-FL, is developed. Flexible microporous insulation material, LTC-FL, has been introduced in this article.

1. Introduction

Since, in comparison with conventionally used
heat insulation materials, such as heat-insulating
brick, ceramic fiber or calcium silicate board,
microporous thermal insulation material which is
composed of super-fine particle smaller than 100 nm
size, inorganic fiber and infrared scattering agent
exhibits ultra-low thermal conductivity, it is applied
for variety of industrial furnace walls or as relining
material for the molten metal vessel. Due to low
thermal conductivity, 3-7 mm thick microporous
insulation material is commonly used. In accordance
with the thinner board thickness, microporous
insulation material has low mechanical strength and
fragility and tends to break easily. When microporous
insulation material is applied on a curved surface
relining work needs to be conducted coordinating
many pieces of strip formed microporous insulation
material or using a prefabricated glass cloth covered
body in which strip formed microporous insulation
materials are arranged. In such relining manner,
however, lowering of thermal insulation efficiency
is a concern because of the increased number of

joints between pieces of strip formed microporous
insulation material. In other words, monobloc
microporous insulation material needs to be relined
with minimum patching work and joints in order to
secure good thermal insulation efficiency.

The authors’ company provides microporous
thermal  insulation  material ~ with  various
specifications under the brand name LTC series ™.
Newly developed flexible microporous insulation
material, LTC-FL, which is applicable to curved
surfaces without difficulties, is introduced in this

article.
2. Characteristics of LTC-FL

The technologies applied for the LTC series
microporous insulation materials to achieve ultra-
low thermal conductivity are namely, technologies to
reduce three (3) modes of heat transfer (conduction,
convection and radiation), and are shown in Fig. 1.
Similar to other LTC thermal insulation materials,
LTC-FL is composed of super-fine particles of smaller
than 100 nm size, an infrared scattering agent and
reinforcing fibrous material. In addition to the
materials of which LTC series microporous insulation
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Fig. 1 Technologies applied for LTC series microporous insulation materials to achieve ultra-low thermal
conductivity.

Mixed raw

heating

materials of LTC

Organic fibers Flexibility

Organic fibers
partially melt and act develops

as a binder.
Fig. 2 Conceptual diagram of flexibility developing mechanism in LTC-FL.

materials are composed, organic fiber is blended
in LTC-FL. The microporous insulation material is
heated at a certain temperature at which blended
organic fiber is partially melted. Since the partially
melted portion acts as a supporting point for
bending and/or contortion deformation, flexibility
of LTC-FL develops. A conceptual diagram of the
flexibility developing mechanism in LTC-FL thermal
insulation material is shown in Fig. 2.

2. 1 Physical properties

The major physical properties of LTC-FL are b 1
Fig. 3 Appearance LTC-FL (3 X 300 X 600)
bent by hand.

compared to other LTC series microporous
insulation materials in Table 1. The thickness of
300 X 600 mm LTC-FL is 3mm, 5mm and 7 mm,
which is much thinner than that of other LTC series

boards. The radius of curvature is the radius of the
curved surface on which LTC-FL can be relined with
no breakage. Thinner LTC-FL thicknesses can be
applied on curved surface with smaller radiuses.

Fig. 3 shows the appearance of 3 mm thick LTC-FL
pent by hand for demonstration. Other physical
properties of LTC-FL are almost equivalent to those
of other LTC series material. Because of blended
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Table 1 Major physical properties of LTC-FL and LTC series products
LTC-FL LTC-A LTC-ES LTC-HT
Size / mm 300 x 600 300 X 600 | 600 X 900 | 300 x 600
Thickness / mm 3 5 7 25, 50 25, 50 15
Radius of curvature / mm 200 | 300 | 400 - - -
Bulk density / kg:-m™ 300 410 250 430
Max temperature grade / C 900 900 1000 1400
at 900C 29 0.8 - -
; i 9
e snkaee /% oo |- — e [ -
at 1400°C - - - 2.2
Modulus of rupture / MPa 0.3 1.1 0.3 0.6
Thermal conductivity | at 600C 0.03 0.04 0.03 0.09
/Wem'-K at 800°C 0.04 0.05 0.04 0.10
Ig. loss / % 59 - - -
Water resistance X O X O

organic fiber, LTC-FL exhibits approximately 6 %
ignition loss. Since LTC-FL does not have water
resistance, coating, covering or waterproof / water
repellent finishing should be considered to protect
LTC-FL from water components under certain
relining conditions.

3. Examples of LTC-FL Application

We have been providing sample LTC-FL insulation
products in order to research about increasing
the application possibilities of LTC-FL are under
way. Several examples of practical or proposed
application uses of LTC-FL are introduced in this
section.

3. 1 Application to cylindrical secondary
combustion furnace

A four(4) layered outermost insulator on the
side wall of a cylindrical secondary combustion
furnace was relied with 5mm of thick LTC-FL of
950 mm diameter using a commercially available
adhesive agent. The appearance of LTC-FL relined
in the cylindrical furnace is shown in Fig. 4. Neither
breakage nor defluxion of LTC-FL took place during
relining work.

Fig.4 Appearance of LTC-FL relined in
cylindrical furnace.

3. 2 Application to reheating furnace skid
beam
CF block is used for reheating the furnace skid
pbeam. For better thermal insulation efficiency,
one-piece CF block combined with LTC-FL was
fabricated. As shown in Fig. 5, LTC-FL is relined on
inner wall of CF block which is processed to fit the
curved surface in advance. Construction work can be
easily and smoothly conducted using pre-fabricating
one-piece CF block combined with LTC-FL.
3. 3 Application on circular cylindrical heater
for semiconductor
Application of LTC-FL as outer sleeve of a circular



Product No.68 2025

cylindrical heater with 600 mm diameter which
is used for semiconductor was proposed. Upon
request of a customer, laminated LTC-FL with
curvature retained so as to fit the outer wall of a
cylindrical heater was fabricated. Fig.6 shows
laminated LTC-FL with retained curvature. The
outer sleeve of the heater can be constructed by
assembling several pieces of laminated LTC-FL.

4. Attempts for Improved Flexibility and

Fig.5 One-piece CF block combined Heat Resistance
with LTC-FL.
Study for improved flexibility of LTC-FL is under

way. Fig. 7 shows the appearance of a small piece
of 3 mm thick LTC-FL with improved flexibility, which
is rolled around 80 mm of diameter core material.
It is expected that, by enlarging size or lengthening
length, LTC-FL with improved flexibility will be used

for a variety of applications, such as rolling around

smallsize cylindrical furnaces or ducts, prefabrication
to sleeved shape and so on.
In addition, research on the improvement of the

Fig. 6 Laminated LTC-FL with retained curvature. heat resistance of flexible LTC-FL is being conducted
by adjusting raw materials so as to respond
requirements for improved heat resistance.

5. Conclusion

Microporous insulation material with flexibility,
LTC-FL, was introduced in this article. Since
microporous thermal insulation material to
which flexibility is provided can be applied for
curved surfaces of target facilities, applications
of microporous insulation material are being

broadened. Due to inherent superior thermal

Fig.7 Appearance of LTC-FL with improved insulation efficiency and newly given flexibility, wider
flexibility, which is around 80 mm application uses of flexible microporous insulation
diameter core material. i ) ) ]

material, which contributes to energy conservation

and/or reduction of CO, emissions, are anticipated.
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