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The development of low thermal conductivity insulation material

“KROTECT™”
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Abstract

At our company, we are working on the development of KROTECT™, a high-value-added product
that contributes to carbon neutrality and the SDGs. In this development, we focused on the particle size and
chain structure of fumed silica, and investigated the parameters of BET specific surface area and DBP
absorption number. As a result, with the increase in the parameters of fumed silica, it was obtained low
thermal conductivity and high compressive stress for the insulation material. Consequently, we obtained an
insulation material with 31 % reduction in thermal conductivity and 276 % increase in compressive stress
(10 % compression) compared to our conventional product. In addition, thermal calculations by CAE
showed that the insulation effect of the hot metal ladle and the fuel cell was improved by reducing the
thermal conductivity of the insulation material, and the reduction in CO; emissions was increased.
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1 Introduction

The progression of global warming in recent
years has reached a critical stage, prompting many
countries including Japan declared their goal of
achieving carbon neutrality by 2050 7. To realize this
goal, efforts to reduce CO; emissions through energy
saving and the establishment of a hydrogen society
are expected to accelerate.
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For instance, the steel industry in Japan
accounts for approximately 38 % of the total CO;
emissions from the domestic industrial sector
(FY2022)?, making CO; reduction an urgent issue
for steel manufacturers. In the steelmaking process,
energy saving is improved by enhancing the thermal
insulation of linings in hot metal ladles, torpedo cars,
and tundishes using insulation materials”, making
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insulation technology effective for CO; reduction.
Additionally,

insulation materials with high heat resistance are

high performance thermal

used to maintain the power generation units of fuel
cells and SOEC (Solid Oxide Electrolysis Cell)
hydrogen production technology at temperatures
above 700 °C, which are essential for realizing a
hydrogen society?. To accelerate the spread of fuel
cells, it is necessary to actively work on improving
power generation efficiency, space-saving, and cost
reduction, for which enhancing thermal insulation
performance is indispensable.

When thermal insulation materials are made
low thermal conductivity, numerous benefits can be
enjoyed, such as improved thermal insulation
performance of products and equipment, increased
internal volume (by reducing insulation thickness
while maintaining the same external size), and space-
saving (by reducing the external size while
maintaining insulation performance). Therefore, it is
important for these materials to make low thermal
conductivity. Based on the various knowledge and
experience accumulated so far, our company has been
working on the technological development of thermal
insulation materials with low thermal conductivity
(improved insulation performance). As a result, we
have developed a nano-insulation material,
KROTECT™  (hereinafter the

developed product), which has improved insulation

referred to as
performance compared to our conventional products.
This report describes the efforts in the technological
development of this product and also evaluates the
improvement in compressive stress considering
handling and pressure resistance.

2 Overview and development policy of nano-
insulation material

Figure 1 shows a photograph of the insulation
material. The insulation material is a board-shaped
and nano-sized porous material with fumed silica as
the main raw material, containing other materials
such as infrared shielding materials, and has a heat
resistance temperature of about 900-1000 °C. The
primary particles of the fumed silica have a particle
size of 20 nm or less, but they do not exist
independently and form a complex structure where
primary particles are connected in chains, as shown
in Fig. 2 (the particle size of primary aggregates
(secondary particles) is about 100-400 nm). This
chain structure forms many fine pores, resulting in a
thermal than still air?.

lower conductivity
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Fig. 1 Nano-insulation materials.

Additionally, it is used infrared shielding materials
(such as silicon carbide) that reflect, absorb, and
scatter infrared rays to suppress radiative heat transfer,
therefore the nano-insulation material achieves low
thermal conductivity even in high temperature
environments compared to other general insulation
materials. For reference, Fig. 3 shows a graph
comparing the thermal conductivity of insulation
materials”.
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Fig. 2 The structure of fumed silica.
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Fig. 3 Thermal conductivity characteristics of various insulations.
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The thermal conductivity A of the insulation
material is expressed in equation (1)°. In fine pores,
the convection term A can be ignored. In this
development, we decided to examine fumed silica to

reduce Asand A..

A = A5+ Ag+ Ac"‘ Ar

where:

@

A : Thermal conductivity of the insulation material
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As: Thermal conductivity of the solid forming the
insulation material

Ag: Thermal conductivity of the gas inside the
insulation material

A : Thermal conductivity due to convective heat
transfer

A : Thermal conductivity due to radiative heat transfer

As the development policy of the insulation
material, we focused on the pore size (modal diameter,
etc.) and the number of pores inside the insulation
material, and examined the effects of the particle size
and chain structure of fumed silica, which are
significantly related to these factors, for thermal
conductivity and compressive stress. Specifically, we
examined the parameters of BET specific surface area
and DBP (dibutyl phthalate) absorption number
corresponding to each physical property.

Furthermore, we verified the application
effects on products using the obtained thermal
conductivity measurement results by estimating the
improvement in thermal insulation performance
through thermal analysis and the amount of CO:
reduction.

3 Experimental methods
31 Test materials

The raw materials with the properties shown
in Table 1 were used to produce the raw boards of the
insulation material.

Table 1 Properties of raw materials for insulation

A B C D E
BET spezcmﬁ surface 200 300 380 400 450
area/m°-g
Fumed silica |DBP absorption 354 | 304 | 378 | 437 | 449
number / ml-100g
Content rate / mass% 72 72 72 72 72
Infrared | Material SiC SiC SiC SiC SiC
shielding
material  |Content rate / mass% 20 20 20 20 20
Others Content rate / mass% 8 8 8 8 8
32 HEIEAE 3°2 Measurement methods
3.0.1 Btz 3+2+1 Thermal conductnvnt?f . ‘ ‘
. . - o . The thermal conductivity of the insulation
W2 AF O B 3 & B (IE58HE) 12X 5 3 material was measured using a thermal conductivity
B S E R E (JIS R 22511 #EH#L) 12 X0 HlE measurement device (in accordance with JISR 2251-1)
L7eo EEESE-E1 95 CHUE 800 T L7 StE by the hot wire r'nethod (ortho%onal methgd). The
R B temperature settings were 25 C or 800 ‘C. The
=1 =]
FAREEFS 230 mm, 15114 mm, JFZ 20 mm sample size was 230 mm in length, 114 mm in width,
THY, 2H—ME L7, and 20 mm in thickness, with two pieces as a set.
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3+2+2 Compressive stress (10 % compression)

The compressive stress (10 % compression) of
the insulation material was measured using an
universal tester. The sample size was 50 mm in length,
50 mm in width, and 20 mm in thickness, with a
compression speed of 0.5 mm-*min™. The compressive
stress (10 % compression) was calculated by dividing
the test force at the point of 10 % compression from
the initial thickness by the area of the compression
surface.

3°2+3 Pore size distribution

The pore size distribution of the insulation
material was measured using a mercury porosimeter
in accordance with JIS R 1655. The measurement
conditions were a surface tension of 0.480 N'm™, a
contact angle of 140°, and a measurement range of
0.004-500 pm.

In the log differential intrusion (dV/d(log D),
V: intrusion volume, D: pore diameter), the pore
diameter at the peak observed within the range of
70 nm or less was defined as the “modal diameter
(<70 nm)”.

The number of all pores N (nos.'g?) was
calculated using equation (2). Specifically, the volume
per a pore (ml'nos.") was calculated by the formula
for the volume of a sphere using the average pore
diameter R (4V/A, A: lateral surface area) obtained
from the mercury porosimeter measurement, and it
was obtained by dividing total intrusion volume
V (ml-g") by the volume per a pore.

3+3 Estimation of thermal insulation effect

The application effect of the developed product
on products was verified by steady-state thermal
calculations for a hot metal ladle and a fuel cell as
examples using CAE (SOLIDWORKS® Simulation)
with the thermal conductivity in Table 2 and the

calculation conditions in Table 3.
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Table 2 Thermal conductivity of insulation materials for calculation

Conventional product Sample D
Th | ductivit 25°C 0.032 0.030
ermal conductivity -
IWem K 600 °C 0.056 0.039
800 °C 0.068 0.047

Table 3 CAE calculation parameters

Hot metal ladle Fuel cell
Inner surface  [Surface temp. / °C 1350 800
Atmosphere temp. / °C 30 25
Outer surface ~
Heat transfer coefficient/ W-m™-K 15 15
Insulation Thickness / mm 5 50
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Molten
hot metal

1350°C

3°3°1 Thermal analysis and estimation of CO.
reduction in the hot metal ladle

As shown in Fig. 4, a typical lining of a hot
metal ladle was independently assumed, and it was
simulated the surface temperature of the steel shell
and the heat leakage by steady-state thermal
calculations using CAE.

Additionally, for the estimation of CO;
reduction, the CO; emission per ton of crude steel
production at the Nippon Steel Group in FY2020
was 2.09 +COx/t-steel (provisional value)”, and the
energy consumption per ton of crude steel production
was 24.5 GJ/esteel”. By dividing the CO, emission
by the energy consumption, the CO, emission per
energy consumption in steelmaking was calculated as
k=0.085 t*GJ™. It was estimated the CO; reduction
v (t) (the difference between CO; emission vi and v»)
per unit area of insulation material S=1 m? for a
receiving time t=1000 h using equation (3), with Qi
(W'm?) and vi (t) as the heat leakage and CO,
emission without insulation material, and Q, (W*m?)
and v, (t) as the heat leakage and CO; emission with
insulation material”.

(3)

1] AL,0-SiC-C brick

Insulation
(5mm)

| High Al,O, brick

| Pyrophyliite brick

- Steel shell

Fig. 4 Lining of the hot metal ladle for calculation.
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3°3°2 Thermal analysis in the fuel cell

As shown in Fig. 5, a hot module (power
generation unit) casing (500 mm in width, 300 mm
in depth, 400 mm in height) of a fuel cell was
independently assumed, and it was simulated the
outer surface temperature and the heat leakage of the
casing with insulation material applied to the inner
surface by steady-state thermal calculations using
CAE. Additionally, the thickness of the insulation
material in sample D (the developed product) was
calculated to achieve the same heat leakage as the
conventional product, then it was estimated the
reduction amount of the material and the
miniaturization of the casing size.

500 300
Iso I 50
Insulation
(50 mm)
Reformer Reformer
i +
50
400 Cell stack wm| Cell stack

800°C 800°C

150

Fig. 5 Hot module model of the fuel cell.

4 #HEREER
41 BARE=
T7a—ARY)H®BET HFEH A& L0 DBP
W & & BURE =R L O E RT 777 %K 6 12
RT3, BET I#E MM, DBP WILE IZDOWTIX
25C, 800 COVTNIZBWTHEAKEL LT
EBYRER (I IGR T AEMA RSN FRHH
ROREWTF U TIWE ZFENS RISV T
VAR, 800 TloBWT 45 % OBz E =R
WASERD BT,
0.100
0.090
0.080 ~
0.070 Sea
0060 | e

0.050 & ["meee.
0.040

0.030 B—oTmrmee. D — |

Thermal Conductivity / W+mT- K-

0.020

200 250 300 350 400 450

BET specific surface area / m2-g-!

Thermal Conductivity / W-m- K-

4 Results and discussion
4°1 Thermal conductivity

Figure 6 shows the graph of the relationship
between the BET specific surface area and DBP
absorption number of fumed silica and the thermal
conductivity. The thermal conductivity tended to
decrease as the BET specific surface area and DBP
absorption number increased at both 25 °C and
800 °C. Sample E, which had the largest values,
showed 45 % reduction in thermal conductivity at
800 “C compared to sample A, which had the smallest
values.
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350 370 390 410 430 450
DBP absorption number / ml- 100g!

Fig. 6 Thermal conductivity of insulations.

Krosaki Harima Technical Report No.172 (2024 - 2025)



4-2 [E#EISH (10 % [E#E)

Ta—ALKY) 7O BET lFHEFE B LU DBP
WL JEAEIS ST (10 % JEM) LOBRE RS
77 %M 7127 %, BET IR RE, DBP W=
DOWFTND, HAKELRDIIEEMISS (10 %
JEAE) M5 A AR SN ENODROK
EVHYTIWEZZENOD L /NS WY TV A
(2R LT 74 % DIEFMEISTT (10 % FEAR) 7] EATEE
D57z,

0.80

0.70

0.60

0.50

0.40

Compressive stress / MPa

0.30

0.20
250 300 350 400

BET specific surface area / m2-g-*

Compressive stress / MPa

450

4°2 Compressive stress (10 % compression)

Figure 7 shows the graph of the relationship
between the BET specific surface area and DBP
absorption number of fumed silica and the
compressive stress (10 % compression). The compressive
stress (10 % compression) tended to increase as the
BET specific surface area and DBP absorption
number increased. Sample E, which had the largest
values, showed 74% improvement in compressive
stress (10 % compression) compared to sample A,
which had the smallest values.
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Fig. 7 Compressive stress (10 % compression) of insulations.
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4+3 Pore size distribution

The results of the pore size distribution
measurements for samples A and D are shown in
Fig. 8, and the summarized results are presented in
Table 4. As the BET specific surface area and DBP
absorption number of fumed silica increased, the
average pore diameter and modal diameter (<70 nm)
decreased, and the number of all pores increased.
Additionally, our conventional product had larger
average pore diameters and modal diameters
(<70 nm), and fewer pores compared to samples B, C,
D, and E. However, no particular trend was observed
for the total intrusion volume and the intrusion
volume (<70 nm) within the pore distribution range
of 70 nm or less.
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Fig. 8 Pore size distribution of insulations by mercury porosimetry.

Table 4 Result of pore size distribution measurement

Conventional
A B C D E product
Total intrusi |
ota |n/r:f||f)§r]1_1vo ume 337 311 3.92 3.94 34D 4.03
Intrusion volume
(= 70nm) /mi-g" 0.94 1.00 0.90 0.92 0.90 0.95
Average pore diameter
(4V/IA) /nm 93.8 50.1 51.9 47.3 414 83.6
Modal diameter
t< 70nm) { nm 32.9 15.8 13.2 11.2 9.3 219
Th ber of all
) n/u1n2)1§r::s,?g-?ores 0.8 4.7 4.4 6.0 8.3 1.3
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4°4 Discussion on the physical properties of

fumed silica

As the BET specific surface area of fumed
silica increases, the primary particle size decreases,
thus it result in smaller pores formed by the chain
structure of primary aggregates. This leads to a
decrease in the average pore diameter and modal
diameter (<70 nm) in the pore distribution. With
smaller pore diameters, even if the pore size changes
slightly due to molecular movements such as
vibration, rotation, or expansion, it is presumed that
the pore diameter remains smaller than the mean free
path of air molecules, thereby suppressing heat
transfer by gas molecules and reducing thermal
conductivity. Additionally, as the primary particle
size decreases, the number of point contacts between
particles increases, which is thought to enhance
compressive stress.
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Furthermore, as the DBP absorption number
of fumed silica increases, the structure (size of the
chain and branched structures in primary aggregates)
becomes larger. This results in a smaller average pore
diameterand an increased number of pores. Therefore,
as shown in Fig. 9, it is presumed that the aggregation
of chain structures between primary aggregates leads
to a denser pore structure. Therefore, it is considered
that thermal insulation improves due to further
suppression of heat transfer by air because of
increasing number of partitions in the space by the
chain structure. Moreover, as the number of partitions
increases, the number of point contacts between
particles also increases, which is thought to enhance
compressive stress.

More small pores

/
o

Aggregation

Structure - large

Fig. 9 Schematic diagrams of fumed silica’s aggregation.
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Figure 10 shows the relationship between the
number of all pores and thermal conductivity and
compressive stress (10 % compression). It can be seen
that the number of pores has a high correlation with
these parameters. By increasing the number of all
pores through the increase in BET specific surface
area and DBP absorption number, it was found that
the insulation material could be made to have lower
thermal conductivity and higher compressive stress.
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Fig. 10 Each properties of insulations against the number of all pores.
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4-5 HREMDBIZERR 4°5 Development results of insulation material
W FE SR S R OSA RIS, (2 VD) D4 Figure 11 shows the number of all pores,
gk & BE R (800 T). SIS (10 % FE4) thermal conductivity (at 800 “C), and compressive

stress (10 % compression) of our conventional product

B 11 2R o KRBAFEamIE AL Rm I b4 and the developed product (sample D). The developed
MIFLEAS 47 % 10" fB - 3400 (3 46 1% L, 31 product showed increase of 4.7x10'® nos.'g’

- - . o= (approximately 4.6 times) in the number of all pores,
0 O BT I ZRAR IR 9 g =

o DRMREHMRI & 276 % ORI LA 31 % reduction in thermal conductivity, and 276 %
OHNTz, increase in compressive stress compared to our

conventional product.

2’7 7.0 0.080 0.70
E e o ¥ 0.60 0.58
5 . < 0070 0.068 31 9, e -
T 4.6 times E o £ 050 276 %
'] - H .
g increase E i reduction 3 increase
g 40 B i 2 0.40
= 3.0 8 K 0.30
- S &
g H 0.050 0.047 2 0.21
g 20 1.3 8 8 0.20
2 . T 0.040 =
£ Hs £ g 0.10
= 2 ©
0.0 " 0.030 0.00
Conventional Developed Conventional Developed Conventional Developed
product product product product product product

Fig. 11 The number of all pores, thermal conductivity and compressive stress of insulations.

4+6 Estimation results of thermal insulation effect

46 HFHIROAT R 4°6°1 The hot metal ladle
4:6-1 AEPEH Figure 12 shows the thermal analysis results
b i ST B L BB S 0 BB IT RS S & CO2 of the steel shell surface temperature and heat leakage,

and the estimated CO; reduction. The thermal
insulation effect of the hot metal ladle with our

HIkEDORBERRE R T IT 72 12 173 Wi

Bubf & LCUAEGE R KO > 7V D (KRB 3EAm) conventional product and sample D (the developed
A SN IE S~ DB S, Bk R R product) as insulation materials showed reduction in

steel shell temperature by 127 °C and 152 °C,
respectively, and reduction in heat leakage by 48 %

MENEN127 THEI, 152 CTHK, HE#E

DTN 48 % Ik, 56 % MK &2, KiFEIC and 56 %, respectively. Additionally, the estimated
B L7 T, BEEH~OWEMEHIZLS CO; reduction for the hot metal ladle with insulation

. -y .
CO MM B IZZ NI 1At 16t (5 material was 1.4 t and 1.6 t (per 1 m? of insulation

material application area for 1000 hours of receiving

M e =3 2 > = - . . . « P
1000 h, Wb Hs TR 1 m? H720) LS, time), respectively, suggesting a significant potential
COz KIFHIK O] Be DRI S 7z, for CO; reduction.
500 10000 2.0
o 1.6
£ a00 8000 £ i
g 2 15 -
£ 300 6000 ht
- o s
3 £ g 10
] 200 4000 E g -
3 % e
- @ o~
b 100 2000 8 05
0 0
No insulations  Conventional Sample D 0.0
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= Heat leakage / W+m-2 =8—Steel shell temp./ °C product

Fig. 12 CAE calculation results and simulations of carbon dioxide reduction.
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ALO3 LADS, A FNAD D BILEZR S 2
IR LTEWz, W pEAShI1=27
TIXESEHR OB A MEREA S L, Sk R E
EMBERE D RIBIRR L 72 E 26N 5, T4
YTDOMmMEIY—KER 13 18T WiEd i
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DFEDZE LRIV OWEM I B2 EL
MR BRELRD, BT+ = A% FEHEL
TWHLIEDFZ Do BT TN D L BHEHER
i D) b BRERN L DR, WiE e LY
WEL-EEZOND, F72, CO:z HlEIER (3)
D) A E O AKATE T 5720, WiEhikaE)s
FDEV (BB E A LD/ &) 7V D )
AILFEHER T L) BHIEEI R FL kol b B2
Nb,

(1) No insulations

(2) Conventional product

(3) Sample D

Due to the high thermal conductivity of
ALO;-SiC-C  bricks, high ALO; bricks,
pyrophyllite bricks in the lining, it was improved the

and

thermal insulation performance of the hot metal
ladle with the application of insulation materials,
therefore it was significantly reduced the steel shell
temperature and heat leakage. Figure 13 shows the
temperature contour diagram of the lining. Although
the insulation material is significantly thinner than
these bricks, the large difference in thermal
conductivity results in the highest temperature
gradient within the insulation material, indicating
high performance. Furthermore, since sample D has
a lower thermal conductivity than our conventional
product, it is thought that the thermal insulation
performance was further improved. Additionally,
since the CO; reduction depends on the difference in
heat leakage as per equation (3), the higher thermal
insulation performance (lower heat leakage) of sample
D resulted in a higher reduction effect compared to
our conventional product.

Temnp (Celsius)
1350
! 1218
. 1086
954
822
690
558
426
294
162

30

Fig. 13 Temperature contour diagrams of each lining.
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4°6°2 The fuel cell

Figure 14 shows the temperature contour
diagram of the analysis model, and Fig. 15 shows the
thermal analysis results of the outer surface
temperature and heat leakage of the casing. The
thermal insulation effect of the fuel cell hot module
with sample D (the developed product) as the
insulation material showed reduction in the outer
surface temperature (central part) by 11.6 °C and
reduction in heat leakage by 19 % compared to our
Additionally, the
thickness of sample D was reduced to 38 mm

conventional product. when



HAER I E R IR o720 2D & EDRIBN DF]
W 29 vol% &7, FIZEFRy MEYVa—VE
RO A XD 24 mm 3 DM/ RE L % 5 i
BRI HONTZ,

67.0 °C

(1) Conventional product (t=50 mm)

(-12 mm), the heat leakage became equivalent to that
of our conventional product. The reduction amount
of the insulation material was 29 vol%, and it was
estimated that the size of the hot module casing could
be reduced by 24 mm on each side.
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(2) Sample D (t=50 mm)

Fig. 14 Temperature contour diagrams of fuel cell hot module.

29 vol%

reduction
0.0254

0.040
0.035
0.030
0.025
0.020
0.015
0.010
0.005
0.000

0.0360

The volume of insulation / m3

Conventional product
t=50 mm

Sample D
=38 mm

Fig. 15 CAE calculation results of fuel cell hot module.
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5 Summary

In considering the reduction of thermal
conductivity and the increase in compressive stress of
insulation materials, we focused on the particle size
and chain structure of fumed silica and examined the
parameters of BET specific surface area and DBP
absorption number. Additionally, as a verification of
the application effect of the insulation material, we
estimated the improvement in thermal insulation
performance and the amount of CO; reduction
through CAE for a hot metal ladle and a fuel cell. As
a result, it was obtained the following results:
(1) 'The larger the BET specific surface area and
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DIEHMEEST (10 % JEHME) [ LA5FE0 Sz,
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TSRS 0 3% A B FE i D W BR D R U 8k KL
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Il 1.6 t (S 8ERER 1000 h, W2 e T
W1l m® H720) elESN, WiEd %
BB 722 & THESEMOWERh £ o5&
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(4) PREFE NS 32 AR B FE it D W B R 25 M
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19 % IR L AE S, LRI LT
BRI , F2 WIEW OE S IR
LChiekamE Wtz MEICTEH L
ThRY MEV2—VERDOYA X% i/ REE
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W TId S/ WiEdt KROTECT® o & LIz

DBP absorption number of fumed silica, the
lower the thermal conductivity and the higher
the compressive stress of the insulation material.
Sample E, which had the largest values, showed
45 % reduction in thermal conductivity (at 800
°C) and 74 % increase in compressive stress (10
% compression) compared to sample A, which
had the smallest values. The reduction in average
pore diameter and modal diameter, and the
increase in the number of all pores, suppressed
heat transfer by gas molecules and increased
point contacts between particles, resulting in
higher compressive stress.

(2) 'The developed product showed 31 % reduction
in thermal conductivity (at 800 “C) and 276 %
increase in compressive stress (10 % compression)
compared to our conventional product.

(3) 'The thermal insulation effect of the developed
product for the hot metal ladle was estimated to
reduce the steel shell temperature by 152 °C,
reduce heat leakage by 56 %, and reduce CO,
emissions by 1.6 t (per 1 m? of insulation material
application area for 1000 hours of receiving
time). The lower thermal conductivity of the
insulation material improved the thermal
insulation effect of the hot metal ladle, resulting
in an estimated increase in CO; reduction.

(4) 'The thermal insulation effect of the developed
product for the fuel cell was estimated to reduce
the outer surface temperature (central part) by
11.6 °C and reduce heat leakage by 19 %,
showing a significant advantage over our
conventional product. Additionally, it was
estimated that the thickness of the insulation
material could be reduced while maintaining
equivalent thermal insulation performance,
allowing for the miniaturization of the hot

T 7R SR B DT WD, 18 D IR EV Tz E 2k module casing.

MEIICOE L il 2 s o %, et

WU, T8E#L] B —KRr=a—19u . . . .
mass production of the nano-insulation material

HE~OEZM S, KROTECT™. We will continue to contribute to a
carbon neutral society through the development and

Our company is actively preparing for the

provision of high-value-added products, including
low thermal conductivity insulation materials, by
leveraging our “CONTROL THE HEAT”

technology.
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