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Abstract

Insulating and lightening refractories used in furnaces is an effective way to decrease heat loss

in order to reduce CO: emissions. In this paper, our company’s CO: emission reducing technology

is introduced. There were some problems with the former technology such as the life of the

working lining decreased by the insulation of the back lining. We are proposing new technology

for increasing the insulation qualities and reducing the weight of the working lining so as to

reduce heat loss and the maintenance, and also increased service life. We recommend ECONOS,
CALEAD and ALTIMA for shaped bricks. They improve heat loss in actual use, for instance, the
shell temperature is decreased several 10C while maintaining the same service life. In addition, we

propose the insulation castable LN-150 for unshaped requirements, because it doubles the service

life of steel ladle covers. Moreover, as a conventional technology, insulation materials and furnace

heat loss diagnosis are introduced.
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1. Introduction

The reduction of greenhouse gases such as
CO, emissions is a one of the most important
subjects in the industry. For instance, the total
amount of energy expenditure in the Japanese
steel industry is about 2.2x10"J-y", and the
heat radiation from furnaces which is related
to refractories is 3% of that value”. The values
converted to the CO. emissions are 150Mt-y"
and 4.5Mt-y", respectively. If the heat radiation
from the furnace is decreased by 3%, the emis-
sions are reduced by 100kt-y.

Our company group makes and sells working
lining refractories and insulations, which are used
in many different fields, such as, steel, cement,
gas, chemical industry and other furnaces. In
addition, we integrate furnace design and con-
struction. We wish to contribute to reducing the
CO. emissions by all means. Hence, the related
technologies are introduced in this paper.

* FEAEL PR Manager, Technical Administration Sec., Technical Dept.
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2. Propositions for Reducing Heat Loss

2. 1 Heat loss from an operating furnace

Decreasing heat loss during operation from
furnaces which use refractories and insulation
is connected with reducing CO. emissions.

The cause of heat loss from a batch process-
ing furnace such as those in the steel making
industry is explained as follows: Fig. 1 shows
the temperature distribution changes by a
non-steady heat transfer analysis in a steel
ladle during one cycle from tapping start to the
next tapping. The surface temperature of the
working lining is about 800C just before tap-
ping, and increases rapidly to above 1500C at
6min. The interior temperature increases with
time, and at the teeming end becomes nearly
the same as the steady state temperature dis-
tribution. In contrast, if the ladle is empty, the
surface temperature decreases quickly and the
interior temperature decreases gradually. The
temperature of the backup lining and the shell
do not change much and the shell temperature
is maintained at about 400C. The causes of heat
loss in this cycle are “heat radiation” and “heat
storage”.

The “heat radiation” is caused by heat
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Fig. 1 Temperature change in the refractory lining of a steel ladle.
Cycle time 210 min, teeming for 95 min and emptying for 115 min.
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transferring though the refractories to the shell
and escaping from the shell to the atmosphere. In
order to decrease heat loss by the heat radiation,
the shell temperature reduction by increasing
heat resistance of the lining is effective. In the
ladle lining, there are some examples®® where
insulation was installed between the backup
lining and shell.

“Heat storage” is caused by the increase in
temperature of the working lining. The shading
part of Fig. 1 shows the temperature rise from
tapping start to teeming end, and the tempera-
ture rise means the hear storage in refractory
lining. In general, the change in heat storage in
a material AQ is approximately indicated in the
following equation assuming that heat capacity
C, is constant,

AQ — WCHATZDVC;,AT ..................... (1)
where W is weight, V is volume, p is density
and AT is temperature change. In the case of
the ladle, AT is equivalent to the hatching part
in Fig. 1. V is determined by the thickness of
the lining. C, takes a certain value if the mate-
rial is determined. Therefore, AQ is decreased
by decreasing AT and p. An effort to decrease
AT is made by users. For instance, ladles are
covered when the ladles are empty? . Moreover,
lowering density and lightening are effective
measures for decreasing p.

2. 2 New propositions: decreasing thermal
conductivity and lightening of working
lining

In order to decrease heat radiation, the
insulation usually has been installed between
the working lining and shell*”. However, the
increase in the damage rate of this insulation
lining caused some problems such as a decrease
in service life of the working lining*” and
increases in slag penetration®. Thus, we inves-
tigated a consistent method for reducing heat
loss and maintenance and improving life.

In contrast with thermal insulation, some
attempts have been make to increase life by
forced cooling of the shell for increased heat
loss. They are water cooled at the blast furnace
bottom®, air cooled at the converter shell?,
and fog cooled at the anti gas leek plate in
the snorkel of the RH degasser” and others.
There are two reasons that the force cooling
increases service life by increase in temperature
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gradient in the working lining. One is the surface
temperature decrease caused by the increase
in heat flux, and the corrosion rate decrease
caused by the temperature decrease. Moreover,
the slag adheres to the surface more easily
and behaves as a protective layer. Another is
a decrease in slag penetration depth. Since the
slag solidifies below a certain temperature, the
slag cannot penetrate beyond the temperature
region. If the temperature gradient increases,
the penetration depth decreases because the
solidification region moves toward the surface.

We are proposing a different method, “decreas-
ing thermal conductivity and lightening the
working lining” as a stable method for reducing
heat loss and the maintaining and improving
service life which also utilizes an increase in
the temperature gradient of the working lining.
By the decreasing the thermal conductivity of
the working lining, the temperature gradient
increases and life improves. In addition, heat loss
can be reduced by decreasing the heat radiation
owing to the insulation effect and by decreasing
the heat storage due to the lightening.

Fig. 2 illustrates the temperature distribu-
tions in the linings, temperature gradient
and heat-transfer calculated by a steady-state
thermal transfer analysis when the working
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Fig. 2 Improvement of temperature gradient and heat heat-transfer by a

decrease in thermal conductivity of the working lining.
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Table 1 Low thermal conductivity bricks for working lining of steel making furnaces

The ratio of thermal resistance
Product Materials Uses Conventional to conventional brick
2 4 7 10
. Pig iron .
ECONOS | ALOsSIC-C | £19O0 | ALO»SIC-C O
~=ig
ECONOS MgO-C BOF MgO-C <:> DemE;;£;
thermal loss >'_
ECONOS | ALOsMgO-C | Ladle | ALO:MgO-C O R
CALEAD | ALO:-MgO-C | Ladle | Al:0s-MgO-C O
ALTIMA | AlLO:-MgO Ladle Al:0s-MgO-C < >

Table 2 Application results of low thermal conductivity bricks

Material Application site Effects
Electric power consumption
ECONOS A Work Ladl
orks acle decreased by 8~10%
ECONOS 8 Works Ladle Shell Zemperature decreased
by 25°C
ECONOS C Works Torpedo car Shell ;temperature decreased
by 26°C
Tapping temperature of EAF
ALTIMA D Work Ladl
orks acle decreased by 10°C
ALTIMA E Works Ladle Decrease in steeol temperature
suppressed by 3°C
Shell temperature decreased
ALTIMA F Works Ladle o
by 50°C

3. 1.1 ECONOS

B EE R R A ABERIL T, REtHE % &
DS, RIE, EHIPERA 7 7T A4 Vb
DIA=ZVTIMHHENS, HEIZIELTT IV I
F R bEEE - h—KVE, TIVIF R TAY
T HN—=RVE, TATT =K EVRD D,
BN A M —OFHIZ L - T, FEWHZEA
T AENRL GRS AR D e W) RO AT
%o Table 3IZanEBIZ /R L, Fig. 3IZEREZERD
Wi 2R d o WEROPREZIREE 2 25 CHT S 7241

a5 o
3. 1. 2 CALEAD
it R RS EEEOT VI F - T AT

#— R BEABERSEL CHER SIS & [FSE DL o
MDD 5. BRAEMGHDOITID, FEIFEEORA
FHEEDK, ok o A~ OIHIR R D B % o Table 412
BB & R L, Fig 4IZBEERO %2 RT,

lining becomes low thermal conductivity. The
temperature gradient increased 3.7 times and
heat-transfer decreased by 30%.

3. Decreasing Thermal Conductivity and
Lightening of Working Lining

3. 1 Decreasing thermal conductivity and
lightening of shaped bricks

Table 1 shows the material we recommend
for decreasing thermal conductivity and light-
ening shaped bricks for steel making furnaces.
We recommend ECONOS for iron transport
containers, converters and slag line material of
ladles, and CALEAD and ALTIMA for steel
baths of ladles. Table 2 shows some actual use
results. These materials contribute to a large
reduction of heat loss without shortening the
working lining life.
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Table 3 Properties of ECONOS

ECO-M3B|ECO-A3B|ECO-A2E

Chemical composition Al.Os 71 66
/ mass % MgO 77 10
SiC 6
C 15 10 12
Apparent porosity
/% 4 5 9
Bulk density 205 | 305 | 280
/ gscm
Compressive strength
/ MPa 35 35 40
Thermal conductivity 16 10 12

at 600°C / Wem™+K"
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3. 1.1 ECONOS

ECONOS are low thermal conductivity car-
bon-containing unburned bricks which are used
for iron transport containers, converters and
slag line material of ladles. Brick compositions
include alumina-SiC-carbon bricks, alumina-
magnesia-carbon bricks and magnesia-carbon
bricks to correspond with several applications.
Since a special binder was selected, uncomfort-
able pyrolysis gas emissions are low during
preheating. Table 3 shows the properties of
ECONOS, and Fig. 3 is a comparison of thermal
conductivities. There is an example of the shell
temperature of a ladle decreasing by 25C.
3. 1. 2 CALEAD

CALEAD are high durable, lightweight and
low thermal conductivity alumina-magnesia-
carbon unburned bricks. They have equal or
more durability compared with conventional
bricks. They have some merits of reducing heat
storage, decreasing the lining work load and
suppressing transport costs. Table 4 shows the
properties of CALEAD, and Fig. 4 is a compari-
son of thermal conductivities.
3. 1.3 ALTIMA

ALTIMA are low thermal conductivity and
high durability alumina-magnesia unburned
carbon free bricks, with thermal conductivities
which are lower than carbon containing bricks.
Since they are the bricks with the same
composition as an alumina-magnesia castable,
they are the equal or more durable than the
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>
=
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10 I ) I I

200 300 400 500 600 700

Temperature /°C

Fig. 3 Thermal conductivity of ECONOS.
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Table 4 Properties of CALEAD

CALEAD | Conventional

Chemical composition  Al:Os 65 65
/ mass % MgO 18 18
C 10 10
Apparent porosity
/% 7.1 6.4
Bulk density 3.00 3.27
/ g+cm
Compressive strength
/ MPa 30 34
Thermal conductivity
at 600°C° / Wem K" 11.8 13.2

+ Thermal conductivity decrease 9.3 Wem™"-K"
by using ECONOS at the same time.

Table 5 Properties of ALTIMA

ALM-F001 | ALM-F007 |Conventional

Chemical composition Al:Os 88 77 65
/ mass % MgO 7 13 18
C 10
Apparent porosity
/% 1.6 10.0 6.4
Bulk density 3.28 3.10 327
/ g+cm

Compressive strength

/ MPa 42 60 34

Thermal conductivity

At 600°C 7 WermloK- 2.8 15 13.2
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4000°C

Al203-MgO-C lining 50.0°C

Lining part
of ALTIMA 500G
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Fig. 4 Thermal conductivity of CALEAD.

castables supplied to users who do not have any
castable lining equipment. Table 5 shows their
properties. They are mainly used for ladles of
electric furnace steel makers. There are some
examples where the tapping temperature of
an electric furnace decreased by 10C and the
shell temperature of a ladle decreased by 50C
(Fig. 5).
3. 2 Decreasing thermal conductivity and
lightening of unshaped refractories
3. 2. 1 High-strength heat insulation
castable LN-150

Has both high heat insulation and high
strength equal to that of usual castables. The
strength is 2 to 5 times that of insulating bricks.
The maximum temperature for common uses
is 1500C. It is used for covers or the working
lining of molten metal containers in which both

400.0°C

Fig. b Temperature change by ALTIMA lining in the thermo-viewer images.
The shell temperature decreased about 50°C.
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Table 6 Properties of LN-150

LN-150
Maximum servige temperature 1500
/C
Bulk density 18
/g-cm?® :
Chemical composition Al:Os 57
/ mass % SiO; 32
. 110°C X 24h 9.2
Be”d';g,\fl;fngth 1000Cx3h | 5.0
1400°C X 3h 8.1
Permanent change 110°Cx24h | —0.06
/% 1000°C%X3h | —0.35
0 1400°C%x3h | +0.59
Thermal conductivity at 28808 8;3
/ Werm'K at 520 :
at 750°C 0.66
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strength and thermal insulation is simultane-
ously required. Table 6 shows its properties.
The durability for ladle cover improved a little
more than 2 times compared with conventional
castables.

4. Various Types of Thermal Insulations

The thermal insulating effects are obtained by
lining of insulating bricks, insulating unshaped
refractories and insulator. Some products which
have distinctive features are as follows:

4. 1 Silplate® (registered trademark of
UNIFLAX)

Although high compressive strength is
required for the backup lining to resist ther-
mal stress and hydrostatic pressure by molten
metal, strength generally tends to decrease with
decreased thermal conductivity. The materials
are new high-strength insulations which are
developed for the backup lining for transport
container of molten metal (Fig. 6). They are
used for the backup lining of steel ladle and
torpedo car, and they have gained a favorable
reputation.

4. 2 TIsowool® (registered trademark of
ISOLITE.)

Insulated with alumina-silica ceramic-fiber
and combined thermal insulation with light-
weight, flexibility and heat resistance. There
are manufactured in various forms, such as
bulk, blanket and board, which are selected
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Fig. 6 Relation of thermal conductivity and
compressive strength.
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according to application.
4. 3 Pyrotex

Stud bolts are inserted in a ceramic-fiber
block. Welding of stud and bolting is carried
out at the same time by a specially made pistol
type stud-gun. Hence, the block can be installed
with studs to the shell of the furnace in as
instant (Fig. 7). It is possible to line rapidly and
to shorten construction time.

4. 4 Formfrax® (registered trademark of
UNIFLAX)

The materials are ceramic-fiber insulating
gunning materials. They are low heat capac-
ity, superior in thermal insulation and thermal
spalling resistance. Moreover, they are low heat
shrinkage, and have high chemical resistance
and high sound absorption. Since it is possible to
line complex structural parts, they are used not
only for furnaces but also for pipe arrangement
such as chimneys, flues, fire tube and ducts. In
addition, they are used for repairing common
refractories.

4. 5 F-Cast

F-Cast is a castable made of ceramic-fiber and
refractory powders. They have both equal cor-
rosion resistance to normal castables and well
insulation. They are lightweight and their densi-
ties are 1.14g-cm™. The thermal conductivity
is 1/3 that of normal castables. They are used
the lining of cooling pipes in heating furnaces,
forging furnaces, burner tiles and others.

5. Energy Saving Diagnosis of Furnaces

The shell temperature of existing furnaces
such as heating furnaces, heat treatment fur-
naces, dryers, boilers, kilns and incinerators
was analyzed and diagnosed by thermo-viewer
pictures, and an energy reducing plan for

Fig. 7 Pyrotex and lining method.
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improvement was proposed by our thermal
energy manager. Construction of the insulation
lining according to the plan was executed by
the engineering section of our company group.
The improvement was confirmed by a customer
using the thermo-viewer pictures.

6. Conclusions

Insulating and lightening of refractories used
in furnaces is an effective method for decreasing
heat loss in order to reduce CO. emissions. In
this paper, the CO, emission reducing technolo-
gies of our company group were introduced. We
are proposing new technology for insulation and
reduction of weight of the working lining so as
to reduce heat loss and maintain and lengthen
service life. We recommend ECONOS, CALEAD
and ALTIMA for shaped bricks. They reduced
heat loss in actual use, for instance, the shell
temperature was decreased by several 10T
while maintaining the same service life. We also
propose insulation castable LN-150 for unshaped
refractories. In our trials the service life for a
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