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INTRODUCTION

With respect to energy saving of industrial furnaces, controlling and reducing heat loss to
be emitted from the surface of each part of the furnace body by means of insulating construc-
tion 1s a very important factor together with the waste heat recovery problem since emission
heat loss accounts for a high proportion of the total heat loss. Its improvement directly results
in the promotion of furnace efficiency. The basic requirement for constructing a lining suitable
for the reduction of the amount of the emission heat s, of course. 1o select refractories and in-
sulating material of low heat conductivity (small structure mass) and that is sufficiently durable
for use under any furnace operating condition. However, since the operating conditions for in-
dustrial furnaces, furnace form, etc. vary widely, for selecting an insulation method, the actual
condition of each must be thoroughly determined, and the total economy including insulation
effect (insulation effectiveness), ete. from the viewpoint of the furnace objective, function,

durability, and the proportion of emission heat loss must also be considered.

1. Positioning of the Furnace Wall Emission Heat Loss

Typical heat losses other than the furnace wall emission heat loss are described on the

basis of their mutual relationship.
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Figure 1 Typical heat losses of the furnace

1.1 The heat loss removed by exhaust gas
Heat foss by exhaust gas has the highest proportion of all the heat losses of industrial
furnaces. Accordingly. its effective recovery and utilization have a great effect on the
problem of improving furnace efficiency. A typical measures for exhaust gas sensible

heat recovery and eftective utilization are as follows:



1) By the provision of an air preheater, waste heat boiler, heat accumulator (brick
construction), etc., conversion to other energy and utilization for the combustion of
preheated air which has had heat exchange performed.

2) Heating by exhaust gas circulation, and utilization to drying, preheat, calcination, etc.

For the effective recovery of latent heat of exhaust gas, not only is the performance of the

recovery system important, but also, the heat insulation should be intensified in the

exhaust gas circulation route, such as connection duct and flue to prevent emission heat
as far as possible.

1.2 Heat radiation, leaks, and the entry of cold air from the opening

In the case of batch type furnaces, etc., at the time of charging or removing material to be
heated or burned, the cover, door, etc. are opened/closed, thereby allowing outside air to enter,
furnace hot gas to be released, and heat loss by radiation to occur. Designing the openings to
an appropriate shape and size, changing the door structure {double door, etc.), and improve-
ment of the furnace pressure adjustment, combustion control, etc. are required.

On the other hand, when airtightness of the continuous operation furnace is not main-
tained completely, cold air enters at the gap of the opening leakage occurs from the brick joints
of the melting furnace roof, etc., and leakage from the furnace walls, roof joints and the filler
material portion of expansion joint occurs. Heat loss due to imperfection of industrial furnace
design, construction, maintenance, etc. will therefore occur. However, such heat losses have
recently been reduced through the improvement of heat pattern, adoption of suitable furnace
form and furnace construction at the time of the furnace design, progress in the filler material
according to the purpose, such as the fiber insulating material, and capability to maintain fur-
nace airtightness by the proper use of these materials.

1.3 Accumulation loss of furnace insulation

When firebricks (or monolythic refractonies) are used for so-called atmospheric furnaces,
such as batch type forging heating furnaces and heat treatment furnaces, the material to be
heated 1s extracted in the heating/cooling cycle, the furnace is left empty for a predetermined
time, the material to be heated is charged afresh after the furnace temperature drops to a certain
extent, and the furnace is reheated. In such cases, the initial heating energy is spent for heating
the furnace refractories. That is, the above energy is absorbed by the furnace wall as heat ac-
cumulation loss until the furnace wall refractorics reach a predetermined temperature. In addi-
tion, rapid heating used to be restricted out of consideration for the thermal spalling of lining
refractories, and a certain temperature rise time had to be observed to, create a bottleneck for
energy saving.

The calorific value required for furnace body heat accumulation can be empirically given
by the following expression.

QuVP-Cp-A-H x (T-Ty) -F



where Q = Calonific value required-for heat accumulation (kcal)
p = Density of refractory {kg/m?)
Cp = Specific heat of refractory (kcal/kg®C)
A = Thermal conductivity of refractory (kcal/mh®C)
T = Scttemperature (°C)
Ty = Imtial temperature (°C)

oy
|

= Effective furnace area (m?)
H = Temperature rise time (hours)

As apparent from the above expression, the amount ot heat accumulation Q can be
reduced by lowering P, Cp, and A.

In the heat valance of batch furnace, the proportion of furnace body heat accumulation
loss is as high as 30%-35% in brick furnaces. Reducing the mass of furnace forming matenal
directly reduces the heat loss.

Recently, various high temperature insulating materials have been developed. An example
is the fibrous insulating material on the surface of refractory of existing furnaces. Another
example, is when fibrous insulating material alone is used for new furnaces. In the above
cases, furnace wall accumulation heat loss has been reduced to a large degree and rapid
heating/cooling has become possible. These and others contributed to the improvement of
operation furnace, and energy saving has been further promoted. Likewise in continuous
heating furnaces, similar practices have reduced heat accumulation in the refractory.
contributing to outer wall temperature drops.

1.4 Heat loss due to the provision of a cooling part

When the operating temperature of the furnace is extremely high, a water cooling jacket is
provided on the side of the furnace shell iron skin for forced cooling of the back of the
refractory for preventing the lining refractory from melting and eroding. as well as for
maintaining durability. Also when there is reinforcement with the metallic structure material due
to insufficient strength with the refractory alone, a furnace body structure which is an essential
requirement, is sometimes adopted to sacrificing heat loss typically by making the steel material
of the cooling system as its core.

Typical of the former is the water cooling mechanism of the blast furnace. melting
furnace, etc.. while the latter involves skid pipes, extraction openings, ete. In vanous other
burning furnaces, etc. a natural air cooling mechanism is adopted in many cases. Cooling heat
toss and refractory damage prevention have a mutually opposing relationship. It is determined
on the basis of the economic balance between the refractory melting/erosion control effect and
heat loss. Though these measures to avoid heat loss are in many cases absolutely necessary.
future problems involve improving the operating method and R D of refractories that can
endure conditions without cooling.

For the main factors mentioned above, considerable improvement has already been made
in the existing furnace, considering the rises in energy prices, for the exhaust gas loss and



furnace wall emission heat loss which are major elements of the total, and thorough
improvement, such as the addition of waste heat recovery systems, and intensification of heat
insulation, etc. made to enhance the total heat efficiency.

2. Various Heat Insulating Materials and Characteristics

2.1 Refractory bricks and insulating materials
2.2.1 Fircbricks
(1) Typical qualities of various fircbricks (Table 1)

Table 1 Typical quality of refractory bricks

Material Fire clay High alumina Silica Baste Silicon
licm ) @ @ @ 2 @ | @ @ @ @ | carbide
Refractoriness {SK) 12 34 34 35 3R 40 < 33 H< [40< |40< | 40<

Apparcnt porosity (%) [ 23.0 | 21.5 ) 18.0 | 23.0 ( 22.5 | 18.0 19.0 P10 2000 0170 | 18.0 5.0
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s
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Retractoriness under |3 4q 1440 | 1470 | 1370 | 1530 | 1700< | 1620 | 1610 | 1615 | 1650 | 1620 | 1700<

toad T3 (°C)
Thermal expansion at | o | o 1 g6 | 06 | 0.5 | 0.6 4 los| 10l 1213 04
LO0O°C
Permancot lincar :
oo : R
change () 0 “ ) 0 0 0 0 +00 [ +04]+02]+00]- 01l 0
Bsgiivts SR S SUNPPE SRS | R S CR R SN R B S
Chemical | S10:2 v6.6
R T S N N ]
compasttion | Al.(Qy | 32.5 . 3K ! 40.9 | 48.0 | 84.8 | 0.5 0.5
(%) Fes0y | 2.5 ¢ 20016 |20 18] 04 1.0 0.3
MgO f 347 | 71.3 [ 78.6 [u4.8
0, ’ . 258 | 99 | 86
i
SiC : 86.8
18 I i 1 H
P}
‘f‘ £ 1 I
: 2 4 . L
N Su33|iHa g t-rek.as |
et i ; ) ===
= Fa- f o e |
ERE . TF
Z ] 4 =!
B Sosdnse: '
o s £ ;’:§:§=E: :
P e SEsesasE
A e l:g: H% +
. = = T G .
. haedy s
o Namgoaok ] .
S U i S S e N
> & 30 13 (i) L] EZ2 [d4 [ 3o 03 L M ? H i <
etoe’a ¢

Figure 2 Thermal Conductivity of ordinary refractory bricks



(2) Thermal conductivity of various firebricks
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Figure 3 Thermal conductivity of refractory bricks (example)!)

(3) Mean specific heat of various {irebricks
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2.1.2 Insulating fircbricks

(1)

Insulating firebricks in Japan are standardized by JIS R2611 as shown in Table 2. Class
A is characterized by Tow heat conductivity, and class C is characterized by bricks with
the emphasis placed on the crushing strength. Class B is intermediate, small in heal

conductivity, large in crushing strength to some extent, and used most generaily.

Table 2 JIS on insulating firebricks (JIS R2611)

it cenert corg ecumhins |5y mean ten-
Type shrinkage 2% Bulk density (kgf /cm2) perature 350 ;goﬂcl

°c) MPa (kcal/mhr®C)

W/ (m-K)

Class 1 900 0.50 or less 5 or more {0.49) [ 0,13 or less [0.15)
Class 2 1000 0.50 or less S or more [0.49] |0.14 or less {0.16]
Class 3 1109 0.50 or less 5 or more [0.49) | 0.15 or less [0.17]
Group A | Class 4 1200 0.55 or less 8 or more [0.78} | 0.16 or less [0.19]
Class 5 1300 G.60 or less 8 or more [0.78] [ 0.17 or less [0.20]
Class 6 1400 0.70 or less 10 or more T0.98] 0.20 or less [0.23]
Class 7 1500 0.75 or less 10 or more [0.98] [ G.22 or less [0.26]
Class 1 900 0.70 or less 25 or more {2.45) | 0.17 or less [0.20]
Class 2 1000 0.70 or less 25 or more [2.45) | 0.18 or less [0.21)
Class 3 1100 0.75 or less 25 or more [2,45] | 0.20 or less [0,23]
Group B {Class 4 1206 0.80 or less 25 or more [2.45] 1 0.22 or less (0.26]
Class 5 1300 0.80 or less | 25 or more [2,45] {0.23 or less [0.27]
Class § 1400 0.90 or less 30 or more [2.94) | 0.27 or less [0.31]
Class 7 1500 1.00 or less 30 or more [2.94) | 0.3l or less [0.36]
Class 1 1300 1.10 or less 50 or more [4,90) | 0.20 or less [0.35]
Group C |Class 2 1400 . 1.20 or less 70 or more [6.86) | 0.38 or less [0.44]
Class 3 1500 1.25 or less | 100 or more [9.81) | 0.45% or less [0.52]

Fire insulating bricks can be generally classified according to the raw material to
(1) those mainly of diatomaceous earth, (2) those mainly of fireclay, and (3) those of
mainly fire resisting material.

Diatomaceous earth insulating firebricks

Thesc bricks are the main of low temperature insulating fire bricks. Bricks of this
category are further divided into diatomaccous carth single bricks manufactured by first
granulating diatomaceous carth and then mixing sawdust. and fire insulating bricks
manufactured by adding plastic fireclay to diatomaceous carth.




Table 3 Physical properties of diatomaceous earth single-fired bricks (example) 2)

Type Al A2 B) B2 Hi Hy |

Temperature not exceeding
reheat shrinkage 2.0% (°C) %0 1000 %00 1000 900 1000
Reheat shrinkage (%) 0.50 0.66 0.57 0.56 040 0.58
Bulk density 0.47 0.46 0.65 0.65 0.80 0.75
Cold crushing strength  (MPa) 0.9 1.1 3.3 32 9.0 93
Modulus of rupture  (MPa) 0.4 0.5 1.5 1.8 38 4.2
Thermal conductivity

(W/m.K) al 350°C 0.14 0.15 0.19 0.20 0.22 0,27
Porosity (%) 80 80 71 72 65 65
Coefficient of linear . o
expansion/shrinkage at al(‘))()l(z)(. 0.30 mmC 0.26 at 900°C 0.23
temperature (%) at 1600°C ' : 0.17

(2) Fireclay insulating firebricks
Fireclay insulating firebricks are used for reducing cmission calorific value from the
furnace wall at regions of relatively high temperature and heat accumulation loss at the
furnace wall, achieving cnergy saving, improving the work environment, and promoting
equipment efficiency. Generally, the main material s kaolinite and halloysite group clay
chamotte, roseki or the like, and production is by adding plastic fireclay, sawdust, etc.

thereto.

Tabie 4 Physical properties of insulating firebricks using fireclay (example) 2)

Type A6 A7 Bs B Ci

Temperature not exceeding
reheat shrinkage 2.0% (°C) 1400 1500 1300 1400 1300
Reheat shrinkage (%) 0.55 0.71 0.53 0.54 0.57
Bulk density 0.68 0.73 0.78 0.86 1.06
Cold crushing strength (MPa) 1.4 1.4 28 3.4 6.2
Modulus of rupture(MPa) 0.7 0.7 1.7 1.0 25
Thermal conductivity )

(W/mC) at350°C 0.22 0.24 0.26 028 | 033
Coefficient of linear
expansion/shrinkage at 0.37 0.38 0.50 0.43 0.51
temperature {%) at 1000°C




Table 5 Physical properties of fireclay bricks using lightweight grain (example) 2)

Type A B C D
Temperature not exceeding reheat
shrinkage 2.0% (°C) 1450 1300 1400 1300
Max. temperature for safe use (°C) — —_ —_ —
Reheat shrinkage (%) 0.38 at ]3?0 28 hr — —

.l
Bulk density 1.42 1.53 152 1,60
Cold crushing strength(MPa) 12.8 11.8 1185 14.7
Modulus of rupture (MPa) 6.0 - — —
Thermal conductivity (W/m.K)
at 350°C 0.55 0.59 0.64 0.70
Porosity (%) 44 42 47 kK
Coefficient of linear expansion/
shrinkage at temperature (%) at 0.42 0.53 0.52 0.60
1000°C
Refractoriness under load
(1 kg/em? - T,°C) 1340 1310 1340 —
Chemical SiOn 59 66 57 64
composition (%} AlhO3 37 27 42 24
Fe)On 29 1.5 2 _

Table 6 Physical properties of insulating firebricks using form styrol or pearlite

(example) 3)

Type A B C D E
Temperature not exceeding reheat shrinkage | 1205 | 300 | 1400 | 1400 1300
2.0% (°C)
Max. temperature for safe use (°C) 1500
Reheat shrinkage (%) 0.02 | 005 | 0.08 | 0.10 0.5>
Bulk density 0.52 | 0.53 0.65 { 0.67 1.10-1.20
Cold crushing strength (MPa) 1.6 1.5 2.9 2.8 7.9—19.6
Modulus of rupture (MPa) 1.0 0.9 1.7 1.5
Thermal conductivity (W/m™C)  ar350°C | 0.16 | 0.17 | 0.20 | 0.22 0.35—0.41
Porosity (%) 81 80 76 717 56.2-62.6
Coefficient of linear expansior/ shrinkage at
temperature (%) at 1000°C 0.41 0.38 0.42 0.44 —
Refractoriness (SK) — — —_— — 35
Refractoriness under load (1 kg/cm?-T|C) | — — — — 1250 <




(3) High aluming/alumina insulating firebricks
Firebricks of this category can be largely classified as those using bubble alumina and
those using high alumina material. The former is burned at a high temperature after
pressure forming, and binder is added to bubble alumina. The latter is manufactured in a
manner similar to fireckay bricks, using electrofused/sintered alumina, mullite, ete. as the
main raw material.

Table 7 Physical properties of high-alumina, alumina insulating firebricks (example) 2. 4)

Type A B C D E
Temperature not exceeding
reheat shrinkage 2.0% (°C) 1800 1800 T 1600 1650
Max. temperature for safe
use (°C) - - _ - -
Reheat shninkage (%) 0.30 G.10 — 0.38 0.24
Bulk density 1.28 1.53 0.48 0.87 0.86
Cold crushing strength
6.4 18.0 1.0 2.2 :
(MPa) | 44
Modulus of ruprure (MPa) 3.2 7.1 0.9 1.7 2.8

Thermal conductivity

) _ 0.35
(W/m.K) a3so’c | 07! 0.90 0.34
Porosity (%) 63 55 — —_ _
Coefficient of linear
expansion/ shrinkage at 0.66 0.79 — 0.48 0.54
temperature (%) at 1000°C
Refractoriness (SK) 40 < 40 « — —_— —

Refractornness under load

1600 < 1500 < — _ _
(1 kg/lem? - T2°C)

Chemical Si07 13.6 0.4 0.1 _ _

composition (%) | AlLO3 85.7 99.2 99.3 — —
FeaOn 0.1 0.1 0.13 0.55 0.51




4)

Silicic acid insulating fircbncks

Table 8 Physical properties of silicic acid insulating firebrick (example) 5)

Type A B C

Temperature not exceeding reheat shrinkage 1550 . .
2.0% (°C)
Max. temperature for safe use (°C) -— — 1500
Reheat shninkage (%) 0.02 —_ -0.53
Bulk density 0.96 1.18 or less [.18
Cold crushing strength (MPa) 4.1 3.9 ormare 4.9
Modulus of rupture (MPa) 2.5 — 1.9
Thermal conductivity (W/m.K) 0.37 0.5 orless 0.43
at 350°C
Porosity (%) _ | Apprentporosity |
gﬂig;;::u?; kl‘;f;a;[cl%s(nzon/shnnkagc 1.18 1.2 or less 1.09
Refractoriness (SK) — il 28
Refractonness under load (! kg/cm2 -T2°C) e - 1350
Chemical composition (%) S100 9,24 88 or more g£8.8

Al(} — 1.7 or less 04

FeaOy | — 2.5 or less 0.2

Ca0 — - 5.7

Iy




(5) Thermal conductivity of insulating fircbricks (JIS Classes A, B, and C)
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Figure 5 Thermal conductivity of insulating firebricks
(JIS Classes A, B, and C) (example)



2.2 Monolithic refractory and insulating material
2.2.1 Fire resistant castables and fire resistant plastics

(1} Typical quality of vanous fire resistant castables

Table 9 Physical properties of castable refractories (exampie) 9)

Matenal High-alumina Fireclay
Item @ @ @ @
Max. temperature for use (°C) 1800 1650 1550 1450
Execution required quantity (kg/m?) 2850 2200 2050 1900
Linear change after 110°C -24 b 0 0 0 0
heating (%) 1000°C- 3h | -006 | 020 | -025 | -0.15
1350°C - 3h -0.09 -0.50 +0.50 —0.20
1500°C - 3h -0.20 —0.40 -0.60 —
Crushing strength after 110°C-24h 44 20 26 25
heating (MPa) 1000°C— 3h | 33 18 18 5
1350°C - 3h 44 20 29 29
1500°C - 3h 49 59 64 —_
Modulus of rupture 110°C-24h 7.9 39 5.9 4.9
after heating(MPa) 1000°C - 3h 54 2.5 34 2.9
1350°C - 3h 3.9 39 4.9 6.4
1500°C- 3h | 7.9 I5.2 10.8 —
Thermal conductivity at 260°C 1.08 0.76 0.74 0.60
(W/m.K) at 540°C 1.15 .86 0.85 0.69
at 800°C 1.21 1.06 0.93 0.73
Chemical composition - Al(s 95 61 47 37
(%) SiOy — 33 43 51




2

Typical quality of various fire resistant plastics

Table 10 Physical properties of plastic refractories (example) 9)

Matenal High-alumina Fireclay
ftemn @ Q 4y @
Max. temperature for use (°C) 1800 1750 1650 1400 ]
Execution required quantity (kg/m3) 2900 2600 2300 2250
Linear change after 110°C -24 h -0.20 | -055} -0.70 | -0.70
heating (%) 1000°C- 3h | 025 | -0.70 | -0.55 | -0.90
1350°C- 3h +0.15 ! -0.75 04 -1.20
1500°C~ 3h +0.50 | -065 | -0.10 —
Crushing sirength after 110°C-24 h 16.7 88 2.9 4.1
heating (MPa) 1000°C~ 3h 27.5 20.0 16.7 19.6
1350°C- 3h H8.8 43.1 314 31.4
1500°C- 3h 8.5 441 37.3 37.3
Modulus of rupture [0°C-24h 3.1 2.9 Lo 0.5
after heating {MPa) 1000°C - 3h 1.4 3.9 LY 1.9
1350°C - 3h 11.8 9.8 3.9 39
1500°C- 3h 14.7 12.8 9.3 9.3
Thermal conductivity ar 260°C e ]
{(W/m.Kk) at Ss40°C
a800°C
Chemical composition Al203 92 73 44 38
(%) Si0n 6 24 49 54

Fire resistant insulating castables (calcined diatomacceous earth, expansion silica,

expansion pearlite, ¢lay hightweight chamotte, alumina, bubble, ete.) are used as high

2.2.2 Fire resistant insulating castables and fire resistant insulating plastics

insulative lightweight aggregates, Alumina cement is extensively used as the binder.

Fire-resistant insulating plastics are made into a kneaded carth form by kneading after the

addition of ightweight aggregate, clay. binder, ete. and a small amount of water.
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2.2.3  Fiber monolithic composite material

Ceramic fiber has been improved n its fire resistant properties. workability and wind-

velocity resistant property, cte. This is a composite product of fiber and existing fire

resistant insulating material. Castable composite material is made of alumina cement

(binder). ceramic fiber, and fire resistant aggregate. Plastic composite material is

manufactured in a form of kneaded ecarth by adding water, adhesion increasing matenial,

setting agent. and fire resistant aggregate to the ceramic fiber.

Table 12 Physical properties of fibrous composite material (example) 7)

Castable composite Plastic composite
matenal materal

Max. temperature for use (°C) 1200 1300 1000 1000 1400

Bulk density | After 105°C drying 0.81 0.76 0.35 0.35 0.89
After max. temperature
burning 0.70 0.63 0.34 0.34 0.87

Modulus of | After 105°C drying 1.5 1.2 0.4 0.6 0.8

rupture After max. temperature

(MPa) burning 0.6 0.4 0.05 0.12 1.0

Cold. After 105°C drying 1.7 1.6 — — —

crushing

strength After max. temperature 0.7 0.5 B

{(MPa) burning o -

Heating 1000°C ] —

shrinkage 1200°C — — —

(%) 1300°C — _ _ 7
1400°C ] = - — 7
1500°C — — — —

Thermal conductivity (W/m.K)

at normal temperature 0.17 0.16 0.08 0.08 0.19

Chemical Alx(Os 535 65.2 47 4] 65

composition (%) Si07 29.6 25.4 52 S8 34

Ca0 14 .8 9.1 — _ —

2.3 Fibrous insulating materials
"

31 Ceramic fiber

(1) Alumna silica fiber

Alumina silica fiber is manufactured by adding boric actd glass, zirconia, chromium




oxide, cte. to alumina silica raw materials, such as kaoline calcinated material, bauxite,
alumina or silica sand, silica flour, etc. mixing Si0; and A1703 as to become almost
L1, fushing in an electric furnace at a high temperature of 2000°C or more, and
causing it to Mow out in a thin stream so as o be fiberized. There are two fiberization
methods: the blowing process for blasting compressed air or stcam jet and spinning
process utilizing the centrifugal force of a rotor running at a high speed.

Table 13 Physical properties of commercially available ceramic fiber8)

Muker I A B C D E I O
(Short fibery  (Long [iber) ‘
Fiber diameter {m) 2.3 25 2.8 2-3.8 3.6 3 2.9
Fiker length (mm) < 38 13--254 Mean < 38 | Max.icngth 5-30 75
LO0 250
True specilic 2.73 2.56 2.6 2.73 2.65 3
pravily (g,’cm‘)
Meclting point {°C) > 1,760 1,760 | 1,760 > 1,760 1,800 | 1,825
Temperature (o1 use 1,260 1,260 1,260 1,300 1,260 1,400 1,480
("Cy

Chemical
composition (%}

Al203 5009 51.3 50| 455 51.8 5253 | 602 | 404
Silx 46.8% 451 493 54.0 479 45 46 | 187 55.1
Fea03 - 01 02 01 | 04015 {+.2

TiOy : 0.1 .5 (r. 1-1.5 (.2

Ca0 - 0.1 - Ir - 0.1 .
MgQO - Ir. tr. — 0.1 o
Nag0 08 0.3 0.2 0.2 0.1 0.2 0.4

B203 1.2 - - 0.1-02

Zi() RN

1203 : - v

OJr‘

Hulk
density 010

02 013
0.1

0l

Thermal conductivity (kcal/m.hr.*C)

TS ORI SUNpEpY RSN PR R

0
¢ 200 400 600 BOO 1000

Mean temperatuce (°C)

Figure 6 Thermal conductivity of alumina silica fiber



Alumina stlica fiber ts used for manufacturing secondary products such as blankets, fcit,
molded paper, rope, braid, blow items , ete. using “bulk fiber” which is the basic

material. Its field of application is very extensive now and will be more so in the future.

Alumina {iber

Ceramic fiber is used for atmospheric furnaces of relatively low temperature, such as heat
treatment furnace, and has gained attention as an cnergy saving tnsulating material.
However, its heat resistance and durability for heating furnaces of around 1300°C, such
as rolling continuous heating furnace and forging heating furnaces, 1s insufficient. As
super-high temperature insulating materials, alumina fiber has also been developed.

Tabie 14 Physncal propertles of alumina fiber 8)

B

Flber demlty 2 4 g/un‘
Melting point >2.000°C
Max. temperature for use >1.600°C
Specific heat 0.25 cal/g°C

Tensile strength [ x 102 MN/mn?

Spectfic tensile strength
Young's modulus
Specific modulus of elasticity

40 x 104 m3§2
box 104 MN/m?
4 x 10 m?S2

Fiber diameter 3 U (mean)
Surface area 3 m/g
Mohs’s hardness 6

A120395%, S102 5%

Composition_

05
0.4}
0.3

0.2}

Thermal
conductivicy {(w/m.x}

0.1

L
ol
0

i ————
?00 400 fm BOOI o "OOI 400
Mran temperature {°C)

Figure 7 Thermal conductivity of alumina fiber3)



(3) Zircoma fiber

Zirconia fiber currently has the possibility of being used up to the highest temperature of
all ceramuc fibers.

Table 15 Characteristics of zirconia fiber %

Appearance White short fiber-like
Fiber diameter Mean 5 p
Fiberlength | Mean 20-30 mm '
Meling poimt. | 2600°C '
True specific gravity 5.8 :
Bulkdemsity | 80-100 kg/m? | ’
Thermal conductiviy | (Bulkdensity 100) (Bulk density 400)
| (kcal/mh® C) LS00 0.10 0.12
L 1000°C 0.26 0.17
[ 1500°C 0.75 0.23

2.4 Heat and cold insulating materials

Japanese Industrial Standards specify seven heat and cold insulating materials; rock
wool, glass wool, cattle hair felt, calcium silicate, polystyrene foam, water repellent perlite and
hard urethane foam.

Among them, cattle hair felt, polystyrene foam and hard urethane foam are mostly used
for cold insulation since they are 70° to 100°C in maximum working temperature. Rock wool,
calcium silicate and water repellent perlite are often used also for lining the refractories of high
temperature furnaces since they are relatively high in maximum working temperature. Ceramic
fibers are low in thermal conductivity and high in maximum working temperature, but are used
as an insulating material for temperatures higher than 1000°C and not used in the arcas of the
above mentioned heat and cold insulating materials, since they are very expensive compared to
those heat and cold insulating materials.

Table 16 Insulating materials specified in JIS

Max Work ing d at70 C
Matlerial Name Temp ) (W/m K)
Rock Wool 400~60C0 0.043~0.052
Glass Wool 350~400 0.040~0.052
Calecium Silicate 650~1000 0.048 ~ 0,062 N
Waler Repellent 650~900 0.056 ~0.072
Pertite
Polystyrene Foam 70 0.028~0.040
Herd Urethane Foem 100 0.023~0.025
Cattle Hair Felt 100 0.053 |




2.4.1

Rock wool insulators

Rock wool insulators are prepared by adding slag and limestone to rocks such as
andesite, melting the mixture at a high temperature of 1300° to 1600°C. and blowing it by
high pressure water vapor or compressed air or scattering it by centrifugal force. for
forming fibers. Various heat insulators are produced from rock wool, to suit respective
objects and applications.

Rock wool insulators suddenly rise in thermal conductivity according to the decrease of
density in a low density range. like glass wool insulators. This phenomenon is caused
mainly because the heat insulating layer transmits radiation, and there 1s a density at
which the thermal conductivity becomes minimum. In a high density range. the thermal
conductivity of rock wool nises almost linearly in relation with the temperature, but 1n a
low density range, the relation shows a curve expressed by a quadratic equation.

Table 17 Kinds and main physicat properties of rock woof insulators

1 Material Bulk density ' I\fvgr]}i?:m Thermal conductivity
- standard No. ! Kind . L,; T em rulfre Wim-K
| and name (kg/m-} ¢ Fe() keal/m-h-"C)
Rock : o | (Average temperature
‘ wool = 150 orless . 65() ‘ 20£5°C)
| L 0.044 {0.038) or less
. No.1 L0 or less | 6000 j 0.044 {0.038) or less
Heat ‘No.2 160 or less | 600 ) 0.043 {0.037} or less
insulating * No.3 300 or less l 600 | 0.044 {0.038] or less
board I No.da| 3S0orless | 650 L 0.055 {0.047}) or less
1S A 9504 1 No.4b| 350orless 400 : 0.055 10.047} or less
(Rock Wool | Felt - T0orless | 400 0,049 (0.042) or less
Insulators) Pipe cover { ;
— 1 200 orless \ 60() + 0.044 {0.038} or less
CHeat Ny | FOO or less 600 0.052 {0.045) or less
; - insulating l . S C
- belt No2 ' 160 or less l 60X) 0.049 {0.042} or less !
Blanket | No. 1 | 100 or less 60 0.044 {0.038) or less |
| No.2 I 166 or less ‘ oK) : 0.043 {0.037} or less ?

2.4.2 Glass wool insulators

The production method is almost the same as that for rock wool insulators, but phenol
resin is generally often used as a binder. So. glass wool insulators are higher in organic
material content than rock wool insulators, and are not very suitable for use at high

emperatures.

(LN



Table 18 Kinds and main physwal propetties of glass wool insutators

| M ; .
sum;ml?\m : Kind - Blulk dm;s"y : h&:?rl: ,i]:]l?_ | Tht‘ﬂﬂﬂ/ﬂ’;‘::l.(li(ucllvlly i
! and name i (kg/m-) [LI“?:};‘;IUIL {kcal/m-h-"C) :
! ‘ (Average temperature 70£5°C) ¢ .
| Glass | No-2 ' - 400 0.042 (0.036) or less
| wool [ No.3 ! — 400 0,049 {0.042} or less
i ! No2 24k | 24%2 300 0.049 {0.042} or less
| No2 a2k fwee w0 L0047 000 ortess
| [Nu.z 40k | 4044, -3 350 0.044 [0.038) or less -
‘ -No2 48k | 48+4, -3 350 0.043 {() {)'%7} or less |
f_ | Heat 'No2 64k | 6416 400 0.042 {0.036) or less *\
LJIS A 9505 - msulating : No.2 80k | 87 400 0.042 {0.036} or kess ‘
| (Glass Wool | board ‘an 96k | 9649 -8 | 400 0.042 {0.036) or less
‘ Insulators) { No.2 120k | 12()i12 4()() (.042 {0, ()?6} or ILSS_ j
‘ {Nm B0k  BOtT 400 0.047 {0.040} or less |
| }[ No.3 96 k | 9649, —8 400 . ()47 {0. 0140} or ]t%Q ;
i | o No ? IZ{) k |2()il_2 ) J4()0 (}()47 {0 04()} or ]Lss l
} | Blanket } b 24 or more 350 ()(}48 [0.041} or less l
| | . ¢ 40 or more 400 (1043 {() 0371} or less :
Heat [ 24%.32k 24 32ormore| 300 0.052 (0045} or less |
| insulating | 40k, 48k [ 40, 48 or more 350 0.052 {0.045} or less 1‘
belt 64 k or m()rt,+= 64 (.)r ﬁmre | 400 0.052 {(’).()45] or less 1‘
L l[‘jl[_)(EL_O_YLr_ — | 45 or more ) [ ‘ ?‘50 ] 7(7).7()43 {0.037} or lc.ﬁs o J

2



2.4.3 Catle hair felt

This is not so popularly used even though specified in JIS.

Table 19 Kinds and main physical properties of cattle hair felt

| o] ' Maximum o L ]
- Muaterial | ‘ Bulk density working Tnerntal conductivity ‘
| standard No. | Kind 3 emherature W/m-K
| and name | (kg/m- I((‘) (keal/m-h-"C)
[ Thickness | 1 {Average lemperature) ‘
‘ (1m} I (70+57C) (O°C) |
No.l | Less than 15 ! 130 or more 100 ! |
JIS A 9508 15 or more 130 or more 100 i
IS S T o
(Cattle hair | No.2 | Lessthan 15 130 or more 1Y) ‘ 0.053 (0.(142
Felt) - 15 or more ' 130 or more 100 } {0,046} or less | {0.036} or less
i ' No.3 . Lessthan 1S 10 or more 1K) T
! J{ C15ormore 100 or more 106) :

2.4.4 Calcium silicate insulators
The insulators are prepared by adding lhme and reinforcing fibers to a siliccous powder
such as diatomaceous ecarth. and causing chemical reaction to produce calcium silicate
crystals. Depending on the crystal system produced, products different in performance
are obtained; xonotlite of 1000°C in maximum working temperature and tobermorite of
650°C,
For different purposes of use, heat insulating boards and pipe covers are available.

Table 20 Kinds and main physical properties of calcium silicate insulators

o1

Matenal l Bulk * h&t:‘;{?l:“,“ Thermal conductivity
i standard No. Kind density r i £ , w/m-K
) , . C 3| temperature | e B
and name | (keg/m-) CC) ; (kcal/m-h-"C)
- S I 1 {Avcrag;l_e-rﬁpcrulurc
| 70£5°C) ;
Heat insulating board No. 1-13§ 130y or less LX) | 0.049 [0.042} or less l-
Pipe cover No, 1-13 130 or less | 1000 ‘ 0.049 {0.042} or less i
| IS A 9510 | Heat insulating board No. 2-17| 170 or less 650 i 0.055 {0.047} or less }
( (Calcium Pipe cover No. 2-17 170 0r less 650 | 0.055 {0.047} or less |
: , i
- Silicate Heat insulating board No. 1-22] 220 or less 100 1 0.062 {0.053} or less |
~Insulators) | Pipe cover No. 1-22 2200 0r less 1000 0062 {0.053) or less |
L Heat insulating board No. 2-22| 220 or less 650) L0622 10.053) or less
- Pipe cover No, 2-22 220 or less 630 C0.062 {0.053) or less



2.4.5 Polystyrene toam insulators

The insulators are prepared by adding a foaming agent and a flame retarder to polystyrene

resin, and heating the mixture for foaming.

Table 21 Kinds and main physncal propertles of polystyrene foam insulators

Matenal

standard No.

and name

JHS A 9511
{Polystyrene
Foam

Ensulators)

T

30 or more

70
70

Bulk ‘ N:\:l?r'::ﬁm ' Thermal conductivity |
Kind density !-[em( r‘m%re wim-K ‘
(kg/md)y | Ff(;‘) {(kcal/m-h-"C)
- _ (Avefage tcmpcraﬁuré :
2045°C) |
Class A heat insulating board special | 27 or more 70 0,034 {0.029] or less |
| Class A heat msulaung board No. 1 L 0.036 {0.031) or less !

' Class A heat insulating board No. 2| 25 or more L 0.037 {0.032} or less
Class A heat insulating board No. 3| 20 or more ! 70 0.040 {0.034]) or less
Class A pipe cover No.l | 35ormore 0 ___6})36 {().Ojli or less
CESL&E‘PE cover No 2 . 30 or more | ) 0.036 {0.031} or less ]
Clqss A Pﬂ)tﬁg@vg{&)ﬁ '% » 25 or more 7() 7 0.037 {0, 0?2} or less i
Class B heal insulating board typu 1 — 70 1 0.040 {O ()?4} or less
| Class _I_i"hm;zﬁj;lsulatmgil;(:lircilIy}a; ’)b — 70 () 034 {0.029} or less
| Class B heat i insulating board type 2 — 70 | 614.{() 02-‘-)}”;}_&55
_Slam B hcat msulaung board type 3 — ’,_"0 (1028 [0,(2ﬂ or. lcss |
Class B pipe cover type ] — 70 0.040 {(0.034) or lL.ss '
Class B pipe cover type 2 — 70 0.034 {0.029}) or luﬁ
Class B pipe cover type 3 T 00 T 0.028 (0.024) or less |

2.4.6 Water repellent perlite insulators

If rocks made of natural glass with volatile ingredients solidly dissolved, such as perlite

and obsidian are ground, arranged in grain size, and heated to higher than 1000°C, to be

molten, and to have the volatile ingredients vaporized, they are foamed to form porous

glass grains.

mixture is molded by a press into an insulating product.

Reinforcing fibers and a binder are added to the glass grains, and the



Tabie 22 Kinds and main physical properties of water repellent perlite insulators

dnd name

S JISA 9512
{Water

\ Repellent

i Perlite

‘ [nsulators}

Maiterial
standard No.

Kind

Bulk Maximum
densily working
(]\o/]n ) | luanmturL( () ‘

i

Thermal conductivity
Wim-K
(I\Lal/m h- ’C) ’

(A\ nge lepcmlurL
20£5°C) |

Heat insulating board No. 1 250 or less | 9(X) (L.072 {0062} or less i
Heat insuliting board No. 2 T\ 1s0orless | 650 | 0.056 (0.048] or less |
Heat msuhmng hoard No. 1 } 250 or less | 900 (.072 {0062} or less i

ulating boas 180 orless | 650 | 0.056 [0.048] orless |

Heat imsulating board No. 2

2.4.7 Hard urethane toam insulators

The insulators are obtained by foaming urethane resin as a high polymer by the expansion

of carbonic acid gas or fluorocarbon. The insulators are very low in heat conductivity.

Table 23 Kinds and main physwal properties of hard urethane foam insulators

. Material | Bulk ! l\&::{r]]?:::m Thermal conductivity
" standard No. ‘ Kind density | rem er'm%re W/im-K !
‘ and name ‘ (kg/m-%) ?_;(f) (kcakm-h ) J
I ‘ ' © (Average temperature
; | | | 245°C) |
5 . Heat insulating bourd type 1 No. 1 45 or more I 100 | 0.024 {0.021} or less |
JIS A 9514 | Heat insulating board type 1 No. 2 | 35 or more l 100 | 0.024 {0021} or less |
' (Hard i Heat insulating board type 1 No. 3 | 25 or more 100 0.025 {0.022} or less
‘ o l J
| Urethane Heat msuldnng board type 2 2 Nn. 1 | 45 or more 1K) ()()21 {() ()”()} or less |
‘ asl Hmt nsulating board type 7 Nu. 2 [ 35 ormore 1K) () ()?’% [() ()7()] or less |
i [nsulators} Heat msulalmg board type 2 No. 3 | 25 or more | l()() l () 024 {0 ()21} or less !
| Pipe cover No. | 45 or more | 100 l 0.024 {()()21] or less |
; ; Pipe cover No. 2 35 or more 100 L 0. ()74 {0,021} or less -
w ) Pipe cover No. 3 25| 100 | 0025 {0.022) or fess
01 '77"‘7 7 I T "'7 - T I N " T T A ‘_77 N
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Figure 8 Thermal conductivity of heat insulating materiais
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2.4.8 Other heat insulators
Other insulators include asbestos insulators, diatomaccous earth insulators and
magnesium carbonate insulators which had been specified in JIS. However, since they
contain carcinogenic asbestos, their use was abolished. and they were deleted from JIS

when the corresponding standards were revised.

Table 24 Characteristic of various refractories

Mater 1al 1 (W K) Bylh damaity Servicae
s11000 C (Lon/m Lemp O
Sten) 41 7 85
(Low-carbanl a1500 C
Fire-braick 2.79 2 95 SK4Q
tHigh-gluminag) (1920}
Fire-brack 1.2% 2. 10 SKJ4
tFire-clary} (47501
Intulatineg (Y] Q. 80 Less
fire brick thaa
(J15s B4 1200
Ceramic faibaer 0.22 0. 18 1400
(1400 C Blankat)

Table 25 Thermal conductivity of various refractories

Maler al Therma] conductivity

Steel Very high L4l Wmk ai500° Q)
iLow-Zarbon)

Fire-braick Hiagh C0TY Winlk al 1000 Q)
High-ajlumingl

Fire-brick High t 116 W/inmK »11000° C)
(SKJ4)

lnsulating Low ¢ 034 WimKk a11000° CI
fire brack

(JIS B4y

Ceramic fiber (Very low ¢ 02 WmK at1000° €1

11400 € Blanxkat)

3. Furnace Wall Insulation Structure

Before examining the insulation structure of the furnace wall, the furnace operating
condition must be thoroughly determined. The insulating system varies according to furnace
temperature condition, state of the content {(gas, solid, or fluid), contact with the content, and
furnace body condition (fixed, rotated, or tilting). It 1s important to consider an insulating
structure which can gain total economic effect while checking against “Criteria shown
quantitatively concerning rationalization of energy use in a factory”, determining the
characteristics of the refractory and insulating material, utilizing insulating materials of lower
heat conductivity, thoroughly examining the provision of high temperature insulating materials
in the right places, and discriminating ones that satisfy the standard value from ones that does
not.
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Calculation of heat transfer

For examining the materials and thicknesses of the refractory materials or insulators

constituting a furnace wall, and for calculating fuel consumption, etc., 1t is important for

furnace design. to identify the temperature distribution, the dissipated heat value and the

accumulated heat value by calculating heat transter.

311

Mechanism of heat transfer

Heat transfer takes place in the following three processes:

1) Conduction:

2y Convection:

1) Radiation:

This refers to a process in which heat moves as the sequential motion of
molecules constituting materials, to the adjacent molecules. 1n a solid,
heat is transferred always by conduction, and in a liquid or gas, heat is
transferred by conduction as well as convection and radiation,

This refers to a process in which heat moves in a liquid together with the
flowing portions of the liquid, and if different temperatures occur in a
liquid, flow occurs due to the difference in specific gravity, and such
flow keeps occurning 6l the same temperature 1s reached 1n the entire
liguid.

Every object with heat radiates heat encrgy fromits surface. It this heat
cnergy (electromagnetic wave) is absorbed by another object. 1t 1s
converted again into heat. to raise the temperature of the object. This

heat movement process is called radiation.

Figure 9 Mechanism of heat flow
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Basic fornwlae for heat transfer by conduction

In a steady state, the heat value moving in a solid wall by conduction is proportional to
the heating surface arca and the temperature difference, and inversely proportional to the
heat moving distance (wall thickness).

As illustrated, if the thickness of the solid wall is L. m,
the temperature at both the ends are 0} and 87, and the

0
heat value transferred per unit area is Qa kcal/mzh, then

N

- we have
(A
b \ 0 [ 61 B 60

Qp = 1 (Keal/m2h).................... (3-1)
[.

i ) where A is a proportional constant expressing the heat

transfer condition, and is called thermal conductivity
{(kcal/mh°C).

The heat conduction in a multi-layer flat wall is expressed by the following formula, and
the heat values through the respective layers are equal.

0,
Tl o, 81 -89 5
] 3 , QA = '—_LTIY:WL: > +E€, (Kcal/m#<h)
Ty
\ AMooA A3
A A A
oo 81282 _02-03 83-99 1.9
| | | =T ST T Ly (3-2)
— 1 s 2 ki hl ;\‘2 13
JIF - 3
where Ii is called heat transfer resistance and expressed by R.
If the heat transfer resistance is used, the above formula can be expressed as
981 -6p
QA = m ................................................................... {3-3)

The heat conduction in a cylindrical wall is expressed by the following formula per unit

length.
2my, (01 - 99)
T R Kcal/mh)................... 3-4
01 Qa In (12 /1)) ( ) (3-4)
\ To consider this formula in terms of unit outer surface area,
A 9, let’s divide it by outer surface area 2rry. We have
A(B] - 0p)
r ML T 0 kea/m? ]
B N Qa 0 1 (ra Ten) (Keal/meh)y.................. ... (3-5)
I SN




This corresponds to the heat transfer formuia for a flat wall with the wall thickness L
substituted by rp [ 5 (r2 /).
Also for a multi-layer cylinder, similarly,

Qa= - m® -0 (Keal/mh)..........ooo (3-6)
1 o1 I3 1 Tin+1)
—[nr+fln;+---+Aln -
ll : ;\'2 - A-n n
In terms of unit outer surface area,
Qa= 61 - 80) (Keal/m2h).....oooiiiiins 3-1
Fn+ly , 12 Knel) , T3 Fin+l) , Tinel)
I =+ Ih =+ -+ Iy
l] r] kz r ).n In

3.1.3 Basic formulae for heat transfer by convection

When a fluid moves along a solid, the moving speed is lower at nearer to the wall surface
due to the viscosity of the fluid, and becomes 0 at the wall surface.
A fluid flows in either turbulent flow or laminar flow. However, even turbulent flow has
a portion near the wall surface, which becomes laminar flow and very low in flow
velocity. Itis called a boundary layer or laminar film.

8¢
The thermal transfer in the boundary layer owes to the
_ heat conduction in the layer. The thickness of the
Sold Fluid boundary layer depends on the smoothness of the wall
surface and the flow velocity and properties of the
8a fluid.

<— -3 Boundary layer

If the thickness of the boundary layer is | and the thermal conductivity of the fluid 1s &,
then the heat value transmitted by convection can be expressed by
Qe = A /100 = Ba) i e (3-8)
However, since it is difficult to decide the thickness of the boundary layer, A/l is
substituted by o which is called heat transfer coefficient (Kcal/m2h°C).
For the value of o, various empirical formulae are proposed, but the following formulae
are generally adopted.
1) Natural convection by air
Oe=he Bo— 00 025 (3-9}
where hg is a coefficient depending on the wall surface location and is 2.2 for vertical
plates, 2.8 for plates facing up and 1.5 for plates facing down.
2) Natural comvection by air with horizontal cylinder like piping



o = 2.1 ((Bg - 8,) / d) 025
where o is diameter of cylinder
3) Forced convection by air
O =6122 V075 $ 44T EXP (0.6 V) i, (3-10)
where V3 is the flow velocity of air (im/s).
4) Inthe case of water cooling
X=6,+0.1(6)-6,)
O = 2830 (1 +0.215 X - 0.00007 X2) V, 091-0.00115Xy ... (3-1D

where Vi, (m/s) is the flow velocity of water,

3.1.4 Basic formula for heat transfer by radiation

The heat value transmitted by radiation can be expressed by the following formula:

B 273+ 08¢ 4 273 + 6,4 4
QR—4.888{(—‘“T00—) —(T.O—) .................................. 3-12)

This can be expressed by the radiative heat transfer coefficient as follows:
OR = Q/At=Q/ (8 - 6,).

In formula (3-12), € is called blackness or emissivity, and greatly depends on the
material on the surface of the solid, being 0.95 for bricks and 0.8 to 0.95 for the painted
surface of a metal.

3.1.5 Overall heat transfer

The heat transfer of a general industrial furnace wall can be considered as follows:

Inside of furnace —Inner surface of furnace wall:  Heat transfer by convection +

radiation
Inside of furnace wall: Heat transfer by conduction
Outer surface of fumace wall — Outside air: Heat transfer by convection +
radiation

Therefore, the heat transfer from the inside of a furnace 10 outside air is expressed as
overall heat transfer by the following formula (multi-layer flat plate),

6, — 0,
Q= O Isz 4 T 1 (Keal/m2h) ..., (3-13)
R S TR e N
o AL A A o

However, since it is often difficult to accurately measure the temperature of the gas in a
furnace compared 10 the temperature of the inner surface of a furnace wall, calculation is
often effected assuming “Furnace internal gas temperature” = “Furnace wall inner surface
temperature”, disregarding the heat transfer coefficient in the furnace.



In this case, the overall heat transfer is

By -0
Qr=p an Sy (Kealimh) (3-14)

e +
A An o

In the case of a multi-cylinder,

0; -0,
Qr= v - - R (Kcal/m2h).......................... (3-15)
I ra |, rps ]
— Iy =4+ oy R+
Ap N A T
Symbols

0 Fumace wall inner surface temperature, °C
07 ~ 8y: Temperature of each boundry of furnace wall, °C
0o: Furnace wall outer surface temperature, °C
0, Outside air temperature, °C
8, Furnace internal gas temperature, °C
0w Cooling water temperature, °C

A1 ~ An: Thermal conductivity at the average temperature of each refractory material,
kcal/mh°C

Ry ~R;: Heat transfer resistance of each refractory material

Ly ~Ly: Thickness of each refractory material, m

r| ~Ip:  Inner radius of each cylinder, m

Va. Vw: Flow velocity in air cooling or water cooling, m/s

oc: Convection heat transfer coefficient, kcal/m?h°C
OR: Radiation heat transfer coefficient, kcal/m?h°C
Qa: Heat value transferred by conduction, kcal/m2h
Qc: Heat value transferred by convection, kcal/m2h
Qr: Heat value transferred by radiation, kcal/m2h
Qr Overall transferred heat value, kcal/m2h

lp: Natural loganthm

d: Outer diameter of pipe insulation

3.1.6 Calculation procedure

If the furnace internal gas temperature is equal to the furnace wall inner surface
temperature as described before. the heat transfer of the furnace wall takes place as
conduction from the inner surface to the outer surface of the furnace wall and as
convection + radiation from the outer surface of the furnace wall to outside air. The
respective heat values transferred are expressed by Qa, Q¢ and Qg and calculation 1s
made using the following relation:

QT =0QA = QC + QR .o (3-16)

24



Here comes the problem that the thermal conductivities of the refractory matenals depend

on the temperature, and in this case, we have two unknown values. So, we must resort to

trial and error for calculation. Therefore, the following procedure is followed for calcula-

tion.

1)

2)

3)

4)

5)

Based on the furnace internal temperature, 61, and the outside air temperature, 05,
assume the temperatures of the respective boundaries, 02 to Oy,

Find the average temperatures of the refractory materials from the assumed
temperatures, and temporarily decide the thermal conductivities of the respective
refractory materials, A1 to A, from the average temperatures.

Find Q¢ and QR based on the assumed fumace wall outside temperature,

The approximate value of Q¢ + Qg can be obtained by using Figs. 1(} and 11.

Qa = Q¢ + Qr. Hence, transform formula (3-2) as follows:

QAL
0= - <Al
2 1 A
QaL?
03 = 6, — <2<
3 2 A
L
9n+1:9n—QA .
An

to find the temperatures of the respective boundaries, 62 to 9y,

Repeat this assumption and calculation for comparison, till the temperatures of the
boundanes obtained by calculation become close to the assumed temperatures. 1If the
assumed temperatures are reasonable, the differences between the assumed values
and the calculated values will become within 2° to 3°C after repetition of 4 or 5 times.
Thus, the approximate temperatures of the respective boundaries and the approximate
dissipated heat value can be obtained.

3.1.7 Standard value of furnace wall outer surface temperature

The furnace wall outer surface temperature of an industrial furnace is recommended by

JIS to be not higher than the temperature shown in 2-3 for the furnace internal tempera-

ture concerned.

Table 26 Standard furnace wall outer surface temperature

Standard furnace outer surface
Furnace temperature temperature (°C)
(°C) Roof Side wall
1,300 140 120
1,100 125 110
900 110 95
700 90 80

an
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3.2 Heat value accumulated in the refractory materials constituting a furnace wall
The accumulated heat value can be obtained from the following formula:

+
H=LipiCr (1 2200 + LapaCy (258 g

0 9
+ LypuChn € D90 (Kealim?)y (3-17)



Symbols
[Jl ~ Idlf
Pr-pPn
Cr~Gy

0
Bg:
07~ 6y
O:

Thickness of cach refractory material constituting the furnace wall, m
Density of each refractory material constituting the fumace wall, kg/m?

. Specific heat of each refractory material constituting the furnace wall,

kcal/kg®C
Furnace wall inner surface temperature, °C
Furnace wall outer surface temperature, °C
Temperature of each boundary of the furnace wall, °C
Temperature of the furnace wall before heating, °C

3.3 Economical heat insulation thickness

in heat insulation work, a thicker heat insulator causes less heat value to be dissipated but
requires a higher heat insulation work cost. Therefore, the economical heat insulation
thickness should be selected to minimize the sum of “Heat Insulation Work Cost +
Counter Value for the Dissipated Heat Value after Completion of the Work”, considering
the annual depreciation.

JIS A 9501

specifies the economical thicknesses of insulators used for heat insulation

work, as follows.

The thicker the insulation
Sum of A and O curves thickness, the higher the annual
C depreciation cost becomes, and
the lower the fuel cost becomes,

insulation thickness when curve C
[curve A + curve B} hecomes
minimam 1s the optimum economic
thickess.

Cost
Annual
l depreciation
of cost

requited for
insulation
work

f
E Fuel cost corresponding to heat less from
! insulation surface generaced amnually

— Insulation thickness

Figure 13 Relationship between insulation thickness and cost 11)

3.3.1 Formulae

for calculating the thickness of insulator used for heat insulation work, and

dissipated heat value {economical heat insulation thickness)

The formulae for calculating the dissipated heat value are the same as formulae 3-14 and

3-15, thoug

(1) Pipe

h different in symbols used.

In the case of a pipe, the thickness of the insulator used and the dissipated heat vatue are

calculated from the following formulac.



In the case of a pipe, the thickness of the insulator used and the dissipated heat value are
calcutated from the following formulae.

Thickness of insulator: The thickness of the insulator should be calculated from the
following formulae, to minimize the value of F,

FI =7 (d12 = o) aN x 1034 bhQ X 103 oo (3-18)
_4d; —dg
X g (3-19)
Dissipated heat value: The dissipated heat value shouid be calculated from the following
formula.
2 (Bp -0
Q= T 0T e (3-20)
1 di 2
In 4.+ =
A 0 o

Flat surface

The thickness of the insulator used for a flat surface and the dissipated heat value should
be calculated from the following formulac.

Thickness of insulator: The thickness of the insulator should be calculated from the
following formula, to minimize the value of Fa.

Fo = XaN x 103 + bhQ % 1073 e (3-21)
Dissipated heat value: The dissipated heat value should be calculated from the following
formulae.

90 - 9!-
Q =ﬁ ............................................................................ (3-22)
!
n(l +nm
(1 + n)ym-1 ( )
where

Fi:  Annual total cost of heat insulation for pipe (yen/m)

Fa:  Annual total cost of heat insulation for flat surface (yen/mz)
a: Construction price of insulator (107 ycn/nﬁ')

b: Heat value price (yen/10* W-h) {yen/860 kcal }

n: Annual interest

m: Years of use

N : Depreciation rate

di: Outer diameter of insulator {m)

do:  Inner diameter of insulator (based on outer diameter of pipe) (m)
h: Annual hours of use

X :  Thickness of insulator (m)



Q: Dissipated heat value (in casc of pipe) (W/m) {kcal/m-h}
(in case of flat surface) (W/m?2) {kcal/m2-h}
A : Thermal conductivity of insulator (W/m-K) {kcal/m-h-°C}
o :  Heat transfer coefficient of surface (w/m2-K) {kcal/m?2-h-°C}

0¢: Internal temperature (°C)

0 Outside air temperature (°C)

B¢ Surface temperature after heat or cold insulation (°C)

/n: Natural logarithm

3.2.2 Economical insulation thicknesses and dissipated heat values

Economical insulation thicknesses and dissipated heat values for the following conditions

are shown in Tables 24 1o 30 for reference.

QOutside air temperature (room temperature):
Heat transfer coefficient of surface:

Annual interest;

Years of use:

Construction price of insulator:

20°C

12 W/mZK {10.32 kcal/m2-h-°C}
0.07

10 years

1.2 (12000X K + 100) 103yen/m?

where Xy Thickness of insulator (imm)
K: Constant

The value for the outer diameter of the pipe concerned is selected from the following:

15A
25A
65A
200A
350A

~ 20A
~ S0A
~ 150A
300A
~ Flat surface

t

K= 1.09
K=1.13
K =117
K =121
K =128

However, if the thickness of insulator 15 150 mm or more, 50 mm should be used for

calculating the construction price,
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3.4 Typical insulating structures

3.4.1

Table 34 Furnace wall thickness: 344 mm;
turnace walil surtace temperature: 900°C 12)

General structure (example) and comparison of related specifications

Atmosphier Lo tempegatate. 2570
emigaivaity: 0.8%
S P — — e — b o — L._m,_1 ——ra—
(L) 18] 14 “o ::)] e
18-} 11— *—In-4|— 21r~n-—-< 11—
he 1)
wl—_ | vm»__:__ -m»_-___J 2 -..\ -!ﬂm\
- u \ RN I A 5 -
5 1Y Yo s | P A H H \ FI B
futnace well sirugture < - e |2 Yo H I a Ll Ni 5 - - S
o ° - | - I3 -~ = )
- P b - u
[z ~_|= —- 9 M E - »Die
g e o Ll ) w ]-.d b4 M w Ol a
ga |~d e [~-a vy |- H i b= 3 2 afze
a T = | - L4 M 2 : . v %
- b e o b o . » v - e
-~ - - - - - o H u aw
= 2 e R < U M
. 2 2 | F L] v o | % . 2 ez
- o - ™ : ¢ 5 LS
2 c 3 £ 2 - Q -
- = 3 £ 13 - 2 - | |
= £ A3 o 3 ot
2
Meieaton cahorific value g{k.MIlh} 3,633 282 150 1546 15
959
Beat stcumulation value Il(KJfItl') LI 142,282 84515 12055 297,95
Prinsion colaritic «alus 1800 X10° 13512 %107 9.544 X107 om0’ 15.446 X 10"
Cont lnudus ( Al ;rar}
op=ration Mty (%) 100 e LN e Y
080 h/year -
Puel saving tng/ed yeec| - w W 0 i
Tatal neal tous YT 15 448 % 107 130z xio? BUS0 X 10> L’
~satch (KW - year)
Cpdiation Rate (M) 1] “y H (O]
A0weeh My ar ! JU—
Fuel saving teg/al yeac) - (Y1} L]} My

Moler Cevamic Chbes nullfla A Indlcsles blanket. Ceramlc Ehliver aullin 8 Indicates blocs.
‘ Oprcallun days = 3 dava/weer, ojwtation howts = | Latch, Stesdy Blate = 15 bsdap. 73 h/urmh, Lempesaturs ise
stop ¥ l/day, 43 h/usch, cooling down =« ¢ days
Table 35 Furnace wall thickness: 344 mm;
. o
furnace wal! surface temperature: 1100°C 12)
Atmoaaphers o temperature:  15°C
emisslvity: D.A%
— ye—] b-— 340 — b Jaa- - I — o — b— s —
e 1 w0 90 114
l-;nﬂkl,l_‘ﬂ. T - 10— M]|~|m-»-- - re
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a = \ « - - ~
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T T T AT P ew i3 : \ 2| =
Furnace wall structurs = H I T |s 212 e < - \on
H . 2 H a o - ~ u -
5 = v | b et u M Q 3 w e
. g S - 2 ‘ a |33
- - -~ ~ - |a= . 1 i H oy
s 4 - ﬂ'- 9 : ' - : : ey
& |5 F I - Z |2 - I v o [va
| s Iz R v volg v v [z
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> > - I= = | . . o w -
FH AR FF ] |3 : |3
I~ £ £ £ |= 2 < - =
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rmlawion calocitic veboe Q(K.I i h) 4973 5227 THM .607 3560
Heat accvavlatlon salee  H(KJ) S08,120 200,925 154,547 17,204 41270
—_ — _ S . P,
Meiseion calorific value o A 10 Lo ted <10 17004 % 10} 18641 10 33700 % 10
(hJint - year)
Cont lnuwous _
operaiion Mate V) o 7 ] s o 5 né
€000 h/yvar — - RSOSSN - -
ruel saving ihgsm? year) - Wi nj ™ 18
Total heat loss 3 o T 1 )
(Kl -+ year) 35T A0 23.961 <t %51 %10 12035 % 10 32mxie
“Ratch .
wiviation Rate (V) 100 ] 9 ai o’
Abucehasyear
Fuel saving fvy/md your} - 1.0 (3L 1.3 n
Muter Ceramlc floer sulile A |adicates blanket. Crtamlc Eiber guffla B indhcates bloch.
Y Opvratlon days - 3 days/=4el, Oprration haucs = ) bacch, steady stalr - 15 hidey, 1% h;-:rk. Lrmp=rature «lny

Stop = ¥ hidey, 43 Rfueer, cooling down = 7 daye



Table 36

Furnace wall thickness: 344 mm;
furnace wall surface temperature: 1300°C 12)
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b S Sl BRI L SO 1838 X 10 24794 10" 0290 X 19 33580 <10t
(Wt year)
Camm L kmnaru i
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3.4.2 Water-cooling skid heat loss comparison

The water-cooling skid pipe insulating system is shown here. When heat from the water
cooling part is double insulated, in the case of walking beam furnace of a large water
cooling area, a fuel saving of almost 10% can be achieved.

Conventional system
Isingle Insulation} Double insulation
Castable
Y-stud
I \—._‘_\_‘_ﬂ
Skid pipe - T41.5

I Insulating material (Kaowool)

Figure 14 Skid lining 13)

21000
Furnace temperature: 1300°C

Cooling water temperature: 0.1 m/5

19000
18000 single
17000 tnsu -

16000 Clation
15000
14000
130001-
12000 |-
1400

(kcal/mh}

lass

190.7%x 221
~

165.2%% 221
139.8%% 221

¥

Cooling water

190.7%x 221

165.2%x 221
139.8%x 221

1000} Doub le
| insu-
lation

5000 |-

]{WL A ' A d
)5 o 0 160

Insulating thicknrss {mm)

Figure 15 Water cooling heat loss comparison (calculated value) 14}
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4. Energy Saving Insulating Structure Execution (example)

4.1 Car bottom type heat treatment furnace

Table 38 Car bottom type heat treatment furnace'5)

Insulating firebrick Kaowoal linkng

furnace furnace
1 e
Treatment purpose Canting heat treatment
Intecnal furnace 600 W x 600 Il x 1,000 L {mm)
effective dimensions
Amount of treatment 340 kg/time
{incl. jiq}
Heating condftion
g 1000C
5°C
SR ¥ S T
Output 36 kW (100) 27 kW (75)
Power consumption 249 kWh (100) 167 kWh (68)
Atmospheric gas None
Insulation | Roof (mm) | LBK-28 115 Ceramic [iber 75
measure blanket
Calcium silicate 1oo
Calcium silicate 150 temperature
temperature retain- tetaining board
ing board
5lag wool 100
Total 265 Total 215
Side LBK-28 115 Ceramic fiber 62.5
sur face blanket
{mm]
Special calcium 65
silicate
Calcium sllicale 175 temperature-
temperature- retaining board
retalning board
Calcium sllicate 150
temperature-
retaining board
Total 290 Total 277.5
Car LBK-28 130 Cetramic fiber 20
bottom board
{mm) Calcium silicate 150
temperature- CI ¢l 115
ratalning hoard
Calclum sllicate 130
temperature-
retaining board
Total 280 Total 265
fNote) 1 Heating of batch type ls via electric heater.
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4.2 Roller hearth type continuous heating furnace for quenching

Table 39 Roller hearth continuous hardening furnace!5)

Before modification After modification
Treatment purpose Hardening of counter ~sunk spring
Internal furnace 340 W x 600 H x 3,000 1, (mm}
dimensions
Amount of treatment 45.5 kg/h
Treatment temperature 830°C
Cutput 35 kW 15 kW
Power consumption 17,102 13,718
{kWwh/month)
Atmospherlc gas RX gas
Insulation | Roof (mm) | LBK-23 115 Ceramic fiber S0
meARUr e board
Special calcium 65
sillcate
temperature
LBK-20 115 retaining board
Calcium silicate 50
temperature-
tetaining board
Silica board 50 Slaq wool 65
Total 280 Total 2390
Side LBK-23 115 Ceramic [iber 50
sur face boacrd
() R -
i i a5
LIB&-20 115 S?e?lal calcium
silicate
temperature-
retaining board
Calcium sillcate 115
Silica board 50 temprrature-
retaining board
Total 280 Total 230
ilearth L.oK-21 65 LBK-23 115
(mm)
Special calcium 50
I.AK-20 65 gilicate
temperature-
retaining board
Calclum silicate 25
LBK-20 65 temperature-
retaining board
Total 195 Total 190
(Note) L. LBK-23 and LAK-70 nre insulatiog firehrick of bulk aperific
Rravity 0.%9 and 0.90 veapretively.
7. Silica board is caleium ailicate temperature-relaining
hoard #7.
1. lleating by continuons [uinaee is vin electoic heator,




4.3 Skid pipe double layer insulation

To minimize heat loss due to skid cooling water, the skid pipe is wrapped with ceramic
fiber, and further castable is then put on.

Table 40 Skid double layer insulation result15)

Conventional Double layer insulation
Cooling water inlet
temperature (°C) 24.8 25.0
Cooling water outlet mean ’
temperature (%) 319 313
Cooling water flowrate (t/hr) 785 700
Cooling water loss calorific ’ s
valoe & W) 6.483X10 5.129X 10
Loss calorific value reduction . 91 o
rate (%)

[ (,‘()nvcntil)rml] Doublte layer insulation

Ceramic fiber

(Thicknesrs ?Su:m)/
—_——
\ L',Stdhl#i‘* {Thickness 45 mm}

(Thickness 70 mm} e

Figure 16 Skid pipe sectional view 16)
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5. Introduction of Industrial Furnaces for Which Refractory
Materials and Insulating Materials Are Used

5.1 Furnace for steel production

5.1.1 Blast furnace

This furnace melts iron ores and produces pig iron. The operating temperature is
extremely high (appr. 2,300°C at the entrance of hot air). It is cooled by water in
consideration of its durability. Noninsulating refractory materials of high heat
conductivity are used.

Row materials - ——— Iroun ores
-~ Sintered orey
- Cokes

—Lime stone

Fire clay bricks

Silicon carbide

bricks Stave cooler

Iron notch

Carhon bricks

Figure 17 Blast furnace
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5.1.2 Converter

This furnace produces steel by refining the pig iron produced in a blast furnace. Its
operating temperature is extremely high (1,600°-1,700°C ) like a blast furnace. It has melt
steel in it. Refractory materials which are selected in consideration of the durability are
used.

Oxygen

charging pag
Magnesia-carben Dricks

Taooing wall ///ﬁ
Magnesla-carbon brlcks

Furnace fottom / I Bottom blowing tuyere
Magnesida-carpon Jricks ! {JxydlzIing-2a8s)

Figure 18 Convetter

5.13 Reheating furnace

This furnace reheats pieces of steel (slab, bloom, billet etc.) to a target temperature (appr.
1,250°C ) for hot rolling. The temperature in the furnace is 1,200°-1,300°C and its
energy consumption is large. As one of the means of energy conservation the insulation
is intensified by various methods in order to decrease the heat loss by diffusion.

a) Heat loss ratio of reheating furnace (Example)

Table 41 An example for the heat loss ratio

Rate
Heat content of steel {Bloom, slab) 40.2 N
Heat loss carried out of furnace by 44.6
products of combustion
Heat loss by water cooling 6.9
Heat loss from furnace walls 6.0 |

51



soeuwin) Bupeayay 61 ainbiy

suoz 3uilesy 300z ZUTHBOG

suoz Burieaysig

19413 OJTwWelad IC SDOT2SE]d 3UR]STISad 21T g



(llem apns) aoBuIny Bupeayay o0z ainbjy

IHF =0 xr mm_ Lif=D _ P2 Y 6L7=0 b |
- g %3 B H za

T 3 : TEC s |4 T 3 O

I=

TR - B!

_ . 1
= 4 _l. L] wr.!u _W

.AI.INW.I)..AII oy g e — [
Q0E 0% gog ¢¢< Q0E €S
] ”W. EIRLLAN] 333 33 _
80L - mm -:-:hu- £9f = ul.luu_mm mm

wm £olzsl 2o O

2 R EN -

ERT wn

=m0 a

.CE2T 2.058 rJ

L > e . .. _l )
0S0E858TL  SEL 0506501 SEE

e - *
“LTI=D | €1 =D tl6=0 W,
m“.u_ ‘—llv-hﬂ.,“ ,
i3 N O

- P >

3TTET ENTH ki

.

- £ |-

0% o0V |

INDZ SN[ XVYO0S . INGZ DN LV¥3IH . INOZ ONILVZH33= |

0BUINY FuURELIY3) JO sainjonns unemsy] (q



(Bumie)) sovuIny Buneaysy 1z aunbi4

BiF 6L =D
. . =]

b 4 o

L] N
....h-._-m ﬂ u.-.su...-m \ —~ XL L RUH “ rj w

W w
S iSed \Nad S e \mlma g 7

L L] 0 . 0 .
(@8]
EIRLITN e EYETLY] g 3Ly

:..3.”-_:.” T.SEO TN / {nnUu _.:.n..-:-m T.IITT \ ‘M »S.J-:u é @ o
= IELIVT S - IYLITLS N M =
navee TUETEN \ W S TUTEN S surisIney] o (€3
53 tn \ M m

W BivOARLLy \\.\‘ w BANSRY .| g > [S.
l.n/» o PuiiEnsul Aa/ o swiznintul ,0 o

“ 3555 o I P S J.CLF
s d . .
Y61 -0 1207 =0
o [ .
. L‘ e
£, >
HIRL L AN o1 ra i1y N w ucw““ﬂ"_-n N ﬁn/m €8}
HETT T * D ..._.:_.uu“ 3 o s ol
' =] A

b b -

P e qw sutiarhses . = sutisihin e et —

'

J.PC

INQZ ONI[AVCS

INOZ ONI LV 3H

i

INOZ

51



HEAT LOSS:Q ¢wr/m)
«—
Ll
)
<
O
oJ
LLd
wn
<[
)
™
W
"
<T
)
Figure 22  Reheating furpace
(Skid pipe)

5.2 Furnace for producing non-ferrous metals (copper, lead, zinc, etc.)
5.2.1 Copper reverberatory furnace

Magnesia chrome bricks

/]

LAl 3

=

Ml

[a] g M

Figure 23 Copper reverberatory furnace
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5.3 Furnace for producing ceramics (cement, glass, refractories, ctc.)
5.3.1 Cement rotary kiln

This furnace caleinates powder matenals consisting of calcareous material, argillaceous

material, stliccous material, iron oxide material ete. in a specified ratio to the semt-molten

state (appr. 1,450°C ). Semi-molten black grains are called clinker. Cement is produced

by adding an adequate amount of plaster to clinker and powdering it.

Magnesia chrome bricks

Burner

Fire clay bricks

High almina -

~

bricks

J—————1
Nmn

‘ T [ Raw

. .-
material

Cooler

5.3.2 Heat loss ratio of cement rotary kiln (Example)

Rotary kiln

Figure 24 Cement rotary kiln

Preheater

Table 42 An example for the heat loss ratio

St

Rate
Heat r“é(il-nredfor sintering of clinker 524
Heat loss carried out of cooler by exhaust gas 16.0
Sensible heat of exhaust gas fromkilnor | 197
preheater
- l--le_ét loqs from furnace walls and by dust etc. 91 -

Fire
clay

bricks




5.3.3 Insulation structure of cement rotary kiln

Since a rotary kiln rotates during operation, it is hard to use insulating materials between
the firebrick lining and the shell. In this example, heat diffusion is decreased by using a
composite material consisting of firebrick and insulating material.

HEAT LOSS:Q(Kcal/mhr)

200
— | 1500°C
J \ 422'C
)
<
‘1 Q Flreabrick
, N=15539
Firebrick Ceramic
Fiber
200 12
1500 g
4 W \
¥p)
_ i < 321" C
Firebrick 03
‘{_/cnm:._mu
Flrepricy
Q3=8424
Figure 25
200_29
pee— 2
™M JS_CLD__C_\ A(m_mw_gm,q
L
op)
=L \266'0
J
Fireurlc)
0=6108

Figure 26 Cement rotary kiln
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5.4 Furnace for chemical industry and others

Refractory materials and insulating materials are used also for furnaces of chemical
industry (cokes, oil refining, ethylene production etc.) and furnaces for environmental
maintenance (City refuse incinerator, industrial waste incinerator etc.)

5.4.1 City refuse incinerator

Refuse charged

Castable

N Exhaust gas
—

A

Va

Recuperator
or boiler

Fire clay bricks

Silicon Carbide bricks
i

B [ Burner
urner

Figure 27 Incinerator

230 230 100
Fire clay bricks or Insulating bricks Insulating
silicon carbide bricks board

Figure 28 Incinerator side wall lining



6. Working Methods of Various Insulating Materials
6.1

Refractory bricks and insulating bricks

Refractory bricks and insulating bricks shall be fixed by mortar joint (2-3 mm)

Mortar joint

e \\\-.\__\
Shell-—_ (QN] T
e e =

Insulating _
bricks

Mortar joint
\iq

Figure 29 Brick work on side wall

\/
o

Figure 30 Brick work on ceiling arch

6.2 Monolithic refractory and insulating material
6.2.1 Castable refractories

Casting method, gunning method, trowel method elc. are available.

Insulating

bricks
Shell
Castable
Shell
1 Spraying
. R { .
. ~|f -
TNt P =
| {‘ T
o
- ) . 's
.. - ST |
Gun nozzle
Anchor Wooden Auchor metal
metal frame

Figure 31 Casting method

Figure 32 Gunning method
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6.2.2 Plastic refractories

Slices are rammed with a rammer.

Insulating board

Insulating castable —e. *

Anchor brick—
<+——— Rammed by rammer

"
Wooden frame

Figure 33 Ceiling insulation

Insulating bricks

Insulating board\ki\‘

Rammed by rammer

Anchor brick

Shell

Figure 34 Side wall insulation

6Ht)



6.3 Ceramic fiber

o
5tud Washer
welding“5l_ﬁhj
T Nut
/’/- T ‘\
Rock wool i Ceramic [iber felt
\ b,
2 [

Shell

Figure 35 Laminated lining

Ceramic fiber
module

Aluminum pipe

Figure 36 Module (block) lining

Shell Stud Shell //Mortar o
‘ iy t)
" o
.« -]/ 7
NS . . o , ]

X N T Fire bricks.. f..% <1- Ceramic fiber

o or castable - blanket

5 2
(> ‘

Ceramic {iber
blanket

Fire bricks
or castable

Figure 37 Veneering method



6.4 Heat insulation of pipes

Armor

Pipe cover

Pipe

Tight binder

" Approx. 250 to 400 mm

Figure 38 Heat insulation of straight pipe (single layer)

N

Armor -
-

Pipe cover

-\ ight binder

" Approx. 250 to 400 mm

Figure 39 Heat insulation of straight pipe (double layer)
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Technical Terms for Refractory 1/2

Tern

Difinition

abrasion of
refractories

wearing away of reflractory surfaces by the scouring action of moving
solids.

binder

4 substance added to a granular material to give it workability and
green or dry strength.

burning (firing)
of refractories

the final heat treatment in a kiln to which refractory brick and
sapes are subjected in the process of manufacture for the purpose of
developing bond and other necessary physical and chemical properties

castable

a combination of refractory grain and suitable bonding agent that,
after the addition of & proper liquid, is generally poured into
place Lo form a refractory shape or structure which becomes rigid
because of c¢hemical action

corrosion of
refractorics

destruction of refractory surfaces by the chemical action of
external agencies.

erosion of
refractories

wearing away of refractory surfaces by the washing action of moving
liquids.

firebrick any type of refractory brick specifically fireclay brick.

menolithic a refractory which may be installed in situ. without joints to form

refractory an integral structure

mortar a finely ground preparation which becomes plastic and trowelable

refractory when tempered with water, and is suitable for laying and bonding
refractory brick.

permanent linear | the percent dimensional change in lergth(based on original length

change of a refractory specimen free of externally applied stresses, after

being subjected to a2 orescribed heal treatment.

plastic refract
ory

a refractory material, tempered with water, that can be extruded and
Lthat has suitable workability to be pounded into place to form a
monolithic structure.

porosity

the percentage of the total volume of a material occupied by both
open and closed pores

pyrometiric cone
equivalent (PCE)

the number of that Standard Pyrometric Cone whose tip would touch
the supporting plague simultancously with a cone of the refractory
material being investigated when tested in accordance with Test
Method C24.2
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Technical Terms for Refractory 2/2

Tern

Difinition

refractories

nonmetatlic materials having those chemical and physical properties
that make them applicable for structures. or as components of
systems. that are exposed Lo envirenments above 1000° F (3387C).

refractoriness

in refractories, the capability of maintaining a desired degree of
chemical and physical identity at high temperatures and in the
environment and conditions of use.

spalling of
refractories

the cracking or rupturing of a refractory unit, which usually
results in the detachment of a pertion ol the unit

spalling of the spalling of a refractory unit caused by stresses resulting from
refractories. impact cor pressure

mechanical
spalline of the spalling of a refractory unit caused by stiresses resuiting from
refractories differential changes in the structure of the unit.

structural

spalling of the spalling of a refractory unit caused by stresses resuiting from
refraclories nonuniform changes of the unit preduced by a difference in

-thermal temperature.

thermal the reversible change in size of materials due to temperature
expansion changes.

.
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Normat Total Emissivity®) of Various Surfaces

Surface

Temperature* (°C)

Emissivity €

Aluminum
Well-polished surface
Rough surface
Oxidized surface
Roofing

iron and steel
Polished surface
Iron oxide
Oxidized steel
Rough oxidized steel sheet
Molten cast iron

Nickel and nickel atloys
Electrolytic nickel (unpohished)
Oxidized mickel
Nichrome wire (shining)
Nichrome wire (oxidized)

Platinum band
Tungsten filament
Asbestos paper
Concrete tile

Red crude brick
Fircbrick

Paints, lacquers and varnishes
White cnamel on rough iron surface
Black lacquer on iron surface
Ol paint
Aluminum paint, Al 26%

Paper (thin)
Gypsum, rough lime
Roofing

Waler

227 - 580
26
200
38

430 - 980
100
200 - 590
38 - 370
1,300 - 1,400

20
650 - 1,250
49 — 1,000
49 - 500

930 - 1,480
3.300
38 -370
1.600
21

590 - 1.000

23
24
100
100

19
10 - 8%
21
0 - 100

{.039 - 0.057
(.0S5
0.11
(1216

(.144 - 0.377
0.736
0.79
0.94 - (.97
0.29

(.11
0.59 - 0.86
0.65-0.79
0.95 -0.98

0.12-0.17
0.39

0.93 - (1.945
0.63
0.93

0.80 - (1.90

0).906
0.875
092 -0.96
0.3

0.93

0.91

(.91
(.95 - 0.963

a) Translation of Table A-23 (by H.C. Hottel) included in McAdams, Heat Trans-
mission, 3rd Ed.. McGraw-Hill. New York (1954)-produced with permission

Where two sets of temperature and emissivity values are available, interven-
ing sets of values can be obtained by interpolation.
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Unit Conversion Table

Quantity 3| Unit Conventional units Remarks
Force N kgt
1 0.10197186
9.80665 1
Torque N-m o kgt - m -
Moment of 1 0.1019716
force 9.80665 1
__rl;?essure o Pa | kgtiem®
i 1.019716 X 10°
9.80665 x 10* i
9.80665 104
Energy kJ KW - h kcal
Work 1 1/3600 0.2388459
Heat 3600 1 859.8452
Enthalpy 4.1863 1.163x 10" 1
Power W kgf - m/s
Power rate 1 0.1019716
Power oulpul 9.80665 1
Heat flow
" Heat fiux wim: | kealfm’-h) | T T [T
(heat How per unil area) 1 1/1.163
1.163 1
Heat W/(m - K) kcal/{m + h - °C}
conduclivity 1 171163
1.163 1
Heat transfer rale wim? - K) kealffm - h - °C)
Heat lransfer coefficient 1 1/1.163
1.163 1
Heat capacity kJIK kcal”K
4,1868 1
Speciiic internal energy kJ/kg kcalkgf
Specific enthalpy 1 0.2388459
Mass latent heat 4.1868 1
{latent heat) R
Specific heat kJi(kg - K) keali(kg! - *C)
Specific entropy R 02388453 |
{Mass entropy) 4.1868 1
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