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Simulation of Applying Nano Thermal Insulation
and Its Contribution to Carbon Neutrality
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Fig. 1 WDS® Appearance

1 Introduction

Towards the achievement of SDGs adopted at the
UN Summit meeting in September 2015, there is an
accelerating move towards realizing a decarbonized society
domestically and internationally. In Japan, during the
general policy speech opening the October 2020
extraordinary session of the Diet, the Prime Minister
declared a vision to seck carbon neutrality by 2050 and the
start of efforts towards that goal”.

Energy saving initiatives can be given as one
effective measure in eliminating greenhouse gases
including COz. One of the most important technical
issues in these energy saving measures is thermal insulation
technology that can reduce heat loss. Many products
require thermal insulation and there are applications to
diverse kinds of materials and technologies?. In particular,
regarding steel in the manufacturing industry which
consumes a large amount of energy”, and fuel cells which
are expected to spread moving forwards to achieve a
hydrogen society?, the range of temperatures that thermal
insulation will be subjected to can reach 700 to 1000°C, so
heat resistance is also imperative alongside insulating
characteristics.

Krosaki Harima Corporation’s nano thermal
insulation “WDS*® (Fig. 1)” is a thermal insulation material
based primarily on fumed silica that features world best-
in-class heat resistance and low thermal conductivity. In
this document, I explain the characteristics of nano
thermal insulation, give examples of simulation and

describe the reduction in carbon dioxide emissions.
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Fig. 2 SEM Image of Fumed Silica

Krosaki Harima Technical Report No.169 (2021)

0.25

2. Overview of Nano Thermal Insulation

WDS® primarily consists of fumed silica and is a
thermal insulation that additionally features infrared
shielding material and fibers. The fumed silica used in
WDS® has a particle size of only dozens of nanometers and
many of the secondary particles form fine pores
(approximately 100nm or less) characterizing them (Fig. 2)
with even lower thermal conductivity than still air (Fig. 3).
Further, as indicated by the Stefan-Boltzmann law
(E=0T"), radiant energy has a stronger impact as
temperature increases, so a infrared shielding material
(such as zircon, titania, or silicon carbide) that has a high
scattering effect (high refractive index) can be used
appropriately based on the used temperatures in order to
limit radiant heat. This enables nano thermal insulation to
demonstrate a low thermal conductivity even in high
temperature environments when compared to other
thermal insulations.

Types of nano thermal insulation material, the
representative characteristics and features are shown in
Table 1. WDS* can be divided into a board type and sheet
type. The board type has lower thermal conductivity but
lower compression strength because it has lower bulk
density than the sheet type. The sheet type conversely has
higher higher

conductivity than the board type. The maximum used

compression  strength  but thermal
temperature is 950 to 1050°C and therefore the sheet type
can be used at slightly higher temperatures than the board
type. This allows each type to be used optimally based on

the product and application.
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Fig. 3 Thermal Conductivity Characteristics of
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Table 1 Types of Nano Thermal Insulation

Type Board Sheet
Model WDS® Ultra, etc. WDS® LambdaFlex™ Super, etc.
Thickness / mm 10~50 3~10

None or Laminate Film,

None or Laminate Film,

Covering Woven Fabric, Metal Foil, etc. Woven Fabric, Metal Foil, etc.
Max. Used Temp. / °C Core 950 1050
Bulk Density / kg-m™ 230 400
Compression Strength / MPa 0.42 0.93
Thermal Conductivity / 200°C 0.022 0.032
Wem™-K 800°C 0.044 0.060
Workability (Complex Shape/Drilling) Can be supported Can be supported
) Cutting Possible without specialized tools Possible without specialized tools
Handling Dust Avoid dust leakage by covering Avoid dust leakage by covering

Major Applications

Industrial Furnaces, Fuel Cells

Steel, Industrial Furnaces
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3. Simulation of Applying Nano Thermal Insulation

Nano thermal insulation is used in a broad array of
applications including steelmaking, industrial furnaces,
fuel cells and housing due to the many benefits described
above. Herein I give two examples of the impact of
application to products of this insulation material that
were simulated by calculating steady state heat conduction
in one dimension.

3.1 Steel

In the field of steelmaking, the flexible sheet type of
nano thermal insulation is primarily used for torpedo cars,
pig iron ladles, and steel ladles since their treated surfaces
are generally curved. Depending on the equipment,
operating temperatures can approach 1600°C so it is
recommended that the nano thermal insulation is
essentially arranged in proximity to the steel shell for heat
resistance. In this simulation, generic lining was assumed
as an example for pig iron ladles and steel ladles as shown
in Fig. 4. Table 2 shows the trial calculation results of
steady state heat conduction and carbon dioxide reduction
when nano thermal insulation (WDS® LambdaFlex™
Super) with thickness of 5Smm was arranged between steel
shell and permanent bricks (pyrophyllite bricks). The
impact of WDS® on the pig iron ladle or steel ladle is
estimated steel shell temperature of A152K and A88K,
respectively, and heat leakage of AG0% and A45%,
respectively, clearly demonstrating the ability for major
reductions. In spite of the lower operating surface
temperature of pig iron ladle, the impact of WDS* is larger
than steel ladle because of high thermal conductivity of
AL Os-SiC-C bricks in the lining for the pig iron ladle.

In calculation of CO: reductions, CO: emissions
per ton of crude steel production at the Nippon Steel
Group in FY2020 was given as 2.09 +CO: " t(-steel)’
(provisional value)”, and it was divided by 24.5 GJ*t(-
steel)’ * of energy consumption per ton of crude steel
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production, and I got £#=0.085 t * GJ of CO: emission per
energy consumption in steel production. At this time, with
heat leakage without WDS® (01 W+*m?), heat leakage
with WDS® (Q, W*m?) and each 1000 hours of steel
keeping time in ladles (#=1000 h), CO: reduction (V't) per
square meter of WDS® surface area (S=1m?) was calculated
with formula (1) below.

V=k(Q1-02)tS )]

As a result, CO; emission reduction V for the pig
iron ladles and steel ladle was found to be 2.8t and 1.3,
respectively, demonstrating the potential for massive
reduction in CO: emissions that can be achieved with

WDS®.

WDS . Without WDS
(5mm) P With WDS®
Steel
Shell
411°C | ALO,-SIC-C Brick
259°C I
|| ALO-MgO Castable
WDS || High AL,0, Brick
(5mm)
Pyrophyllite Brick
Steel
Shell
329°C
241°C

Fig. 4 Lining of the Pig Iron Ladle and Steel Ladle Used for Calculation

and Results of Surface Temperature Calculations for Steel Shell

Table 2 Trial Calculation Results of Steady State Heat Conduction
and Carbon Dioxide Reduction
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DPig Iron Ladle @Steel Ladle
Equipment 5 5 - 5 s -
Without WDS' With WDS' Difference | Without WDS' With WDS Difference
Op. Surface Temp. / °C 1350 1350 - 1600 1600 -
Steel Shell Temp. /°C 411 259 A152 329 241 A38
Heat Leakage / W -m™ 15022 6025 A60% 9512 5274 A45%
CO, reduction per WDS®
square meter each 1000 28 13
hours of steel keeping time
in ladles / t
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3.2 Fuel Cells

Solid oxide fuel cells (SOFC) have high power
generating efficiency but action temperature of 700 to
1000°C with the highest internal temperature at the
internal power generating component, the hot module
(reformer and fuel-cell stack storage). There are generally
no issues with the heat resistance of this insulation but
since thermal insulation is prioritized, mainly the board
type is used with its high thermal insulation performance.
The insulation structure used for this calculation is shown
in Fig. 5. The conditions for the calculation below is used
(total) of 60mm,
temperature of the hot module of 800°C, external air

an insulation thickness internal
temperature of 25°C and windspeed near the exterior of
the casing of 0.1m-s. Table 3 shows the calculation results
for the side surface of the hot module casing comparing
calcium silicate board with nano thermal insulation
(WDS® Ultra). WDS® was 57K less external temperature
and 72% less heat leakage than the calcium silicate board
enabling massive reductions in both aspects. Taken
another way, when making WDS® the same insulation
performance as calcium silicate board, WDS® thickness
can be reduced by about 72% (60 - about 17mm). It is
possible to reduce costs by designing with optimized
thermal insulation performance together with a lower cost
insulation. CO: emission reductions in a residential fuel
cell system have been confirmed to be about 1.3t per year
per unit®, and if it is spread, another level of CO; reduction
effect can be expected.

Cross Section

Reformer

&
Fuel-Cell Stack

Fig. 5 Structure of Hot Module Insulation

Table 3 Results of Insulation Performance Calculation for Fuel Cell

Insulation Calcium Silicate Board WDS® Ultra Difference
Ext. Temp./ C 115 58 A57
Side
Heat Leakage / W -m™ 1209 344 AT2%
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4. Conclusion

In this document, it was demonstrated the potential
for increasing insulation performance of products and
massive reduction in CO: emissions by applying nano
thermal insulation. At Krosaki Harima, since 1995 we
have been involved in the import, machining, production
and sales of nano insulation materials as well as the research
regarding evaluation, impact and applications, thermal
analysis, proposing insulation design to customers and
many kinds of development towards answering new
needs””. We would like to supply the thermal insulation
materials and technologies of Krosaki Harima for various
products and applications towards realizing a carbon
neutral future.
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