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Abstract

This article describes green refractory products. “Green refractory” is an eco-friendly category both
conceived by and unique to SHINAGAWA Refractories. These refractory products include more than
20 mass% of externally/internally recycled refractory materials and/or byproducts derived from other
industrial sectors. They are created by using suitably treated and properly managed recycled materials
and byproducts as well as modifying virgin raw material formulas to maintain the distinctive characteristics
of each product. Green refractory products show a low “carbon footprint of products (CFP)”, thus,
greenhouse gas emissions across the whole supply chain can be reduced by expanding green refractory
applications. To this end, the lineup of products in the category of green refractory is being expanded.
Recently, versatile chamotte brick, high-alumina brick, magnesia-chrome brick, magnesia-spinel brick,
MgO-C brick, ALTIMA brick, versatile castable, castable for tundish, basic spraying mix for electric arc
furnace repair and taphole clay for blast furnaces have been added to its lineup.

1. &5 1. Introduction

MWkt B VBTN H 1 7 )L DHEEICE ) 4 A T = For decades, SHINAGAWA refractories Co., Ltd.

o ChiC L BEEFEEYOLEY. SEOTILE—% has been mplgmentmg refractor'y recycling. Frgm
the early days, it has been recognized that recycling

BALT, 9BOEZROCOMBER ST, REINS lowers the environmental load by reducing industrial
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waste emissions. Additionally, recycling can reduce
the use of virgin raw materials, which require
enormous amounts of energy in their production,
creating considerable amounts of CO, emissions. So,
recycling refractories is beneficial in the reduction
of both natural resources’ consumption and CO:
emissions. Furthermore, recycling is one of the
effective measures for mitigating geopolitical issues
since many refractory raw materials are produced
from natural resources being extracted only from
unevenly distributed mines.

While the effectiveness of recycling has been
pointed out from many years ago as discussed
above, its applications haven't been explored
and broadened in terms of cost effectiveness.
Specifically, in the case of high temperature process
facilities in which refractories are exposed to severe
operational conditions, for example, vessels for iron
and steel making or cement making, the recycling
process is costly since multiple kinds of refractories
are applied to a single vessel in accordance with
localized  specific  thermal/mechanical/chemical
environment. Additionally, in the sever chemical
condition zone of a vessel, a large part of spent
refractories is polluted by corrosive gas and/or
molten salts and metals. Contrarily, imported raw
materials and refractory products are so cheap
that recycling cost compensation is difficult even
if landfilling cost is taken into account. Therefore,
implementation of recycling has been limited. It is
universally agreed that, from a wholistic point of
view, recycling can reduce huge energy consumption
for raw materials manufacturing and effectively
lower the total anthropogenic CO. emissions from
this planet. However, quantitative assessment of its
impact has been impossible, thus, the concept has
peen insufficient to motivate promotion of recycling.

On the other hand, there has been a recent
increase in the demand for reducing greenhouse gas
(GHG) emissions, which are exemplified by CO, and
methane, according to the extreme climate, thus,
awareness of refractory recycling has broadened. In
The Paris agreement, which was adopted in the 21%
Conference of Parties (COP21) held in Paris in 2015,
a global target of limiting temperature rise (below
2 C and pursue efforts to limit it to 1.5 'C above pre-
industrial levels) and an implementing scheme were
agreed upon. It motivated organizations such as
government, public institutions, private companies,
and so on, and many organizations declared their
own scenariofor “Net-Zero”. With respect to global
warming, the Intergovernmental Panel on Climate
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Fig. 1 Material efficiency (ME) strategies across the value chain?.
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Fig. 2 Fraction of Scope 1, 2 and 3 occupied
in total CO, emission from SHINAGAWA

group.
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Change (IPCC) issued the 6t Assessment Report
(AR6) in 2022. In chapter 11 of AR6, GHG emission
from the industrial sector was discussed and the
concept of Material Efficiency (ME) was proposed
as one of the strategies for GHG emission reduction.
Fig. 1 shows the ME improvement in the lifecycle
of materials and products™”. Several options for
improving ME across the whole lifecycle are shown
and the effectiveness of recycling in the stages of
manufacturing and end-of-life are indicated clearly.

Under the circumstances, the adoption of the
“carbon footprint of products (CFP)" as an
indicator of GHG emission is quickly expanding.
The CFP is a designation which considers the
GHG emissions per unit accumulated through the
lifecycles of products and services. Standardizations
of calculation methods used for the CFP and
practical calculations are progressing in many
organizations. Currently, CFP includes 3 categories
as follows; Scope 1: direct emissions from their own
facilities by fuel consumption, Scope 2: indirect
emissions by using energy provided from outside
the company such as electrical power, and Scope
3: other indirect emissions. Scope 3 includes all
GHG emissions such as emissions from production
process of purchased material and services (raw
materials, office equipment, and so on), emissions
from transportation and delivery (transportation
from suppliers and delivering products to
customers), emissions from employees” commuting
and business trips, and other such energy consuming
categories. Since scope 3 includes purchased raw
materials, it can quantify the impact of recycling.
Hence, disclosure of the CFP motivates promotion
of recycling. Moreover, when carbon pricing such
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as carbon tax becomes widely employed, the
significance of recycling will increase in terms of cost
competitiveness.

Fig. 2 shows occupation of scope 1, 2 and 3 in
total GHG emitted from SHINAGAWA refractories in
2023. More than 70 % of the total GHG emission
was occupied by virgin raw materials manufacturing
processes. Therefore, it is safe to say that promotion
of recycling has significant impact on CFP reduction.

In response to the need to act on the trend for
reducing CFP, SHINAGAWA refractories launched
an original category called “green refractory”. The
category stretches across our whole refractory
product portfolio and several products have already
been developed and are commercially available.
The previously published articles, “Environmentally
Friendly Green Refractory Bricks for Cement
Rotary Kiln?” and “Environmentally Friendly Product
-MgO-C Green Refractories=*", both of which
were issued in SHINAGAWA Technical Report No.
67 (2024), described developed products in the
category of green refractory. In this article, the
definition of green refractory will be described
followed by the introduction of several developed
products that we categorize as green refractory.

2. “Green Refractory” an Original
SHINAGAWA Concept

“Green refractory” is an environmental conscious
category both conceived by and unique to
SHINAGAWA Refractories Co., Ltd. Products in the
category of green refractory must include at least
20 mass% internally/externally recycled refractory
materials and/or byproducts derived from other
industrial sectors. SHINAGAWA also designates

K_

Raw Materials for Green Refractory

Recycled raw materials

Internally / externally generated
Machining offcuts,
Product left-over,
Products out of specification, etc.

Used Refractories
Spent refractories manufactured
by any producer

By-products

Generated from various
industry sectors
(Fly ash, Slag, etc.)

Fig. 3 Raw materials for green refractory products.
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Specific Products Green Refractory Products
- ) Formula - )
Virgin Raw Materials Modification Virgin Raw Materials
Raw Materials for
Green Refractory Products
Ensuring Specific Properties } Suitable Selection
and Treatments
Raw Materials for Green Refractory Products
- Mineralogical Composition
Adequate Control - Chemical Composition
- Density
- Granulometry
Fig. 4 Arrangement of green refractory products.
Table 1 Classification of refractory raw materials in terms of production process
Category Natural Raw Materials Artificial Raw Materials Raw Materials for
Green Refractory
Excavated and Synthesized and Synthesized and Recycled
Process Excavated !
burnt sintered fused Recovered
Clay Chamotte Sintered Alumina | White Alumina Spent refractory
Quartz Burnt Magnesia | Sintered Magnesia | Brown Alumina Products out of specification
Example Chrome-ore | Bauxite Sintered Spinel Fused Magnesia | Recovered slag
Graphite Aluminous Shale | Sintered Mullite Fused Zirconia Recovered fume
GHG emission Small Medium Very Large Negligible
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these raw materials as “green raw materials”. From
the viewpoint of product life cycle, CFP included
in industrial waste treatments of spent refractories
and remnants of refractory manufacturing processes
are allocated to the products, not to the spent
refractories and remnants themselves. Also, CFP
is not allocated to byproducts. Therefore, in other
words, green raw materials are raw materials of
which their CFP is regarded as zero. Fig. 3 summa-
rizes or concept of “green raw materials”. Green raw
materials consist of spent refractories manufactured
by our company and other companies, remnants
of refractory manufacturing process generated
from our plant and other companies’ plants and
byproducts derived from other industries.

Fig. 4 shows how our green refractory products
are arranged. Each product possesses its own
unique characteristic that has been achieved by a
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suitable selection of raw materials and appropriate
manufacturing processes. These representative
characteristics should be maintained even if some
portion of its raw materials are substituted by
green raw materials. Hence, green raw materials are
suitably managed, and suitable ones are applied.
In addition, formulations of virgin raw materials are
modified if necessary. In this process, maintaining
the distinctive characteristics is prioritized so
external appearance varies occasionally.

3. Manufacturing Process of Refractory
Raw Materials

Conventionally, refractory raw materials are
classified as natural raw materials and artificial raw
materials. Focusing on GHG emission quantities,
however, refractory raw materials should be
classified as excavated natural raw materials,

CaCOs(s) — CaO(s) + CO,(g) «rererererereresesen: (1) burnt natural raw materials, sintered artificial raw
MECO:(5) = MEO(S) + CO,(g) wrrereeerrssrressanes ) materials, electrical fused artificial raw materials and
green raw materials as summarized in Table 1.
Drilling and blasting Rough selection

Y
|

£\

I T
Silica/Quartz Chromium ore

Shipping4—l Shipping 4—1
Crushing

i Crushing

Shipping
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I 1
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Excavated natural raw materials
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Fig. 5 Schematic diagram for natural raw material processing.
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Fig. 6 Schematic diagram of artificial raw material processing.
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3. 1 Excavated natural raw materials and
burnt natural raw materials

Fig.5 shows the natural raw material manufac-
turing processes. Excavated natural raw materials
are obtained by mineral processing, ore dressing,
sieving, washing and drying. Since high temperature
heat treatment processing is excluded in the
process, only a very minute amount of GHG s
emitted from facilities for excavation, processing
and transportation. Natural clay, silica sand, chrome
ore, natural graphite and so on are obtained by this
process.

In Fig.5, chamotte is a natural raw material
densified by the heating of molded mass of clay at
temperatures above 1000 C. Therefore, relatively
large amounts of GHG are emitted from the heating
process so it is classified as a burnt natural raw
material. In addition, raw materials such as lime
(Ca0) and dead burnt magnesia (MgO) are also
classified as burnt natural raw materials since they
are obtained by calcination of carbonates (CaCOs
and MgCQOs) at temperatures below 1000 C.
Although the calcination temperature is low, a
large amount of CO: is emitted according to the
calcination reactions indicated in Egs. (1) and (2),
resulting in large CFP.

CaCOs(s) — CaO(s) + COz (g) werrreerreseenee: (1)
MgCOs(s) — MgO(s) + CO: (g)

This kind of CO. emission, which is not caused by
combustion of fossil fuels and/or consumption of
electricity, is called process GHG and is distinguished
from GHG emitted by energy generation process.
3. 2 Sintered artificial raw materials and

electric fused artificial raw materials

The production of most artificial raw materials,
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Fig. 7 Examples of process for reproduction of
raw materials for green refractory products.

Altered layer

Fig. 8 Altered layer formation on the surface of
spent refractory.
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which are pure dense ones exhibiting high
temperature resistance and high chemical reaction
resistance, is accompanied with the emission
of large amounts of GHG. Fig.6 exemplifies
manufacturing processes of sintered raw materials
and electric fused raw materials as representative
of artificial raw materials. In many cases, high purity
powder synthesized through a series of chemical
reactions in an aqueous solution are used. Sintered
raw materials are obtained by crushing mass bodies
which have been densified close to their theoretical
densities by sintering green bodies consisting of
pure powder containing sintering agent, which had
been obtained by tumbling granulation or pressing,
at the temperature above 1500 C.

Electric fused raw materials are obtained by
crushing mass formed by gradual solidification of
molten salt, which had been melted by arc heating
of pure powder containing flux. In the cooling stage,
large single crystals tend to be formed in the center
of a solidified mass since the cooling rate is slower
than peripheral. From the central part of the solidified
mass, therefore, pure raw material grains with only
a very small portion of single crystal boundary, in
which impurities derived from flux condenses, can
be obtained.

As mentioned above, sintered artificial raw
materials and electric fused artificial raw materials
have a large CFP since their manufacturing
processes consume a considerable amount of
energy. Additionally, in order to calculate the CFP
of such artificial raw materials, the CFP which had
peen emitted to produce the chemical compounds
used for pure powder synthesizing process should
be taken into account. This indicates the complexity
of accurate CFP evaluations of refractory raw
materials. Hence, standardization of the emission
factor of refractory raw materials is insufficient so
far, thus, applying tentative values of CFP for some
raw materials is inevitable.

3. 3 Green raw materials

Fig.7 exemplifies facilities which are used
for refractory recycling. In the case of recycling
refractories, particularly those used for vessels with
severe operational constraints, spent refractories
tend to suffer from alterations caused by infiltration
of corrosive gas, molten salt and molten metal as
shown in Fig. 8. Furthermore, many vessels consist
of multiple kinds of refractories and sand and dust
are contaminated in a spent-refractories storage
area. Therefore, sorting of materials and removing
of altered layers are necessary to recover the spent
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Fig. 10 Appearance of color-sorted raw material
for green refractory products.
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refractories as green raw materials.

Among the process, removal of altered layers
and sorting are carried out manually, so these are
the time and cost consuming step. In many cases,
as can be seen in Fig. 8, the altered layer shows a
different color tone from the unaltered layer. Thus,
the color sorting technique shown in Fig.6 was
developed in collaboration with JFE steel and has
been implemented on an industrial scale”. Fig.9
schematically shows the removal procedure of the
altered layer. In general, colored altered layer removal
and sorting are carried out one by one manually,
then, the unaltered layer is crushed to get green raw
materials. Although it can be carried out easily in
the case of refractory bricks which exhibit almost
equivalent geometrical dimensions, it is troublesome
for spent monolithic refractories, which show a wide
variety of shapes and sizes. On the other hand, in
case of color sorting, sorting according to color
difference is performed on equivalent size grains,
which were crushed in advance. Fig. 10 compares
the external appearance of the crushed materials
sorted by color sorting. It is applicable to any case
of sorting according to color tone other than sorting
of the altered layer.

To supply green refractory products with
stable performance, it is crucial to control green
raw materials with sufficient consistency, thus,
recovering cost to ensure the stable properties of
green raw materials become larger as the degree
of contamination and pollution of as-received spent
refractories increases.
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4. Effect of Green Refractory on
Reduction of CFP

Fig. 11 to 13 exemplify the CFP rate of developed
green refractory products normalized by conven-
tional products by product group as versatile
brick, specified brick and monolithic refractories,
respectively. The CFP reduction degree of developed
products differs according to the product group.
This is attributable to differences in CFP of the virgin
raw materials to be substituted, applicable amount
of green raw materials, contribution of GHG amount
emitted from our own manufacturing process, and
SO on.

It should be noted that each CFP of our products
has been evaluated according to our internal
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standard. The CFPs of many raw materials were
assessed rationally by referring to obtained
information, some of which may include inaccurate
hypothesis. Thus, some of the values will vary
according to detailed examinations in the future.
From the next section, the typical properties of
these green refractory products will be introduced.

5. Green Refractory for Versatile Brick

5. 1 Versatile chamotte bricks

Chamotte is a refractory raw material obtained
by crushing a sintered mass of molded clay. Bricks
mainly composed of chamotte are called chamotte
pricks or fireclay bricks. Since chamotte bricks
exhibit wide versatility, they are applied to a wide
range of facilities of high temperature industries such
as permanent linings of vessels for iron and steel
making, induction furnaces for non-ferrous metal
making, tank blocks of glass making furnaces, and
SO on. Since versatile chamotte brick is classified
by refractoriness indicated by SK number, suitability
of brick application is evaluated according to SK
number. We developed versatile chamotte bricks
in the category of green refractory. Table 2 provides
the typical properties of the developed bricks. In
Table 2, 1.D. as SK32, SK33 indicates refractoriness.
Additionally, we have versatile bricks possessing
specific characteristics and bricks with these specific
characteristics categorized by green refractory were
developed. Table 3 provides the typical properties

Table 2 Typical properties of developed chamotte bricks

G.SK32 G.5K34 G.S5K36
Chemical Comp. / %
ALO:s 34 40 58
Fe:0s 2.0 2.0 1.9
Apparent porosity / % 23.0 22.0 21.0
Bulk specific gravity / - 2.05 2.10 2.35
Cold crushing strength / MPa 29 34 64

Table 3 Typical properties of developed chamotte bricks (F-series, L-series)

G.5K34 G.SK34F G.SK34L
Chemical Comp. / %
ALO:s 40 43 41
Fe:0s 2.0 1.8 1.4
Apparent porosity / % 22.0 15.0 13.5
Bulk specific gravity / - 2.10 2.25 2.35
Cold crushing strength / MPa 34 54 88

11
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Table 4 Typical properties of developed ADT-series bricks

Chemical Comp. / %
AlLO:
Fe:0s

Apparent porosity / %
Bulk specific gravity / -

Cold crushing strength / MPa

Load: 0.2MPa

Refractoriness under load (T.C)

G.ADT-60 | G.ADT-80
63 80
1.0 0.6
15.0 16.0
2.55 2.85
64 69
1700 1700

Table 5 Typical properties of developed Magnesia-chrome bricks

Chemical Comp. / %
MgO
Cr20s

Apparent porosity / %
Bulk specific gravity /-

Cold crushing strength / MPa

GDIR-7 | G.S-DIR-6-5
73.4 65.9
14.1 19.4
19.2 17.8
3.00 3.09

45 45
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of F series which exhibits high spalling resistance as
well as L series which is a dense brick showing high
corrosion resistance.
5. 2 High alumina brick: ADT series
Refractories are exposed to various kinds of
thermal environments according to conditions
of application. Although the most typical one is
repetition of heating-cooling cycles, resulting in
thermal spalling, high creep resistance is required for
tall facilities such as hot stoves since the bricks must
withstand considerable compressive load caused by
their own weight under high temperature conditions
for decades. For this kind of application, ADT series,
which shows high thermal resistance as well as
high creep resistance, has been used with a good
reputation. Adding to this, G.ADT series, which is a
product lineup categorized under green refractory,
showing equivalent properties to ADT series, was
developed. Table 4 exemplifies the properties of G.
ADT series.
5. 3 Magnesia-chrome brick
Magnesia-chrome bricks are applied to the
working lining of various industrial furnaces such as
steel refining vessels of steel mills, non-ferrous metal
refining furnaces such as copper smelter, lime-making
furnaces, and so on. Although spent Magnesia-
chrome bricks derived from these facilities have an
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Table 6 Typical properties of developed magnesia-spinel bricks for cement rotary kilns

G.SP-8DC G.ELK-12CX-1 | G.ELK-12X-1 G.SP-8L

Chemical Comp. / %

MgO 78.7 83.1 84.4 80.7
ALOs 17.9 12.0 12.3 17.6
Fe:0s 1.5 1.1 - -
Cao - - - 0.7
Apparent porosity / % 16.8 16.2 16.0 16.8
Bulk specific gravity /- 2.96 2.98 29.8 293
Cold crushing strength / MPa 58 57 52 49

Table 7 Typical properties of developed MgO-C bricks for steel refining vessels

G.MGT-2AB45 |G.MGT-3AB244 | G.MGT-4AB120
Chemical Comp. / %
MgO 81 78 74
Free C 10 17 20
Apparent porosity / % 2.5 3.0 2.4
Bulk specific density /- 3.03 2.99 2.93
Cold crushing strength / MPa 59 50 46
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infiltration layer on their hot face, the chemistry of
their back side is almost equivalent to their original
composition. Therefore, Magnesia-chrome brick in
the category of green refractory were developed by
including the unaltered part obtained by removing
the infiltration layers. Table 5 provides the typical
properties of the developed bricks.

6. Bricks for Specific Application in the
Category of Green Refractory

6. 1 Magnesia-spinel bricks for cement
rotary kilns

The main application of magnesia-spinel bricks is
the cement rotary kiln. To obtain spent bricks from
a cement rotary kiln, removal of the joint steel plate
is necessary. Then they are subjected to crushing,
sieving and magnetic sorting to recover them as
green raw materials. By including these green raw
materials, magnesia-spinel bricks categorized as
green refractory were developed. Their typical
properties are provided in Table 6. Other examples
have been shown in previous SHINAGAWA technical
reports”.
6. 2 MgO-C bricks for steel making vessels

MgO-C bricks are widely applied to steel refining
vessels such as basic oxygen furnaces and electric
arc furnaces according to their superior resistance
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Table 8

Comparison of typical properties of conventional unburnt brick

ALM-F023 and developed unburnt brick G.ALM-F028

Chemical Comp. /%
ALO:
MgO

Apparent porosity / %
Bulk specific density /-
Cold crushing strength / MPa

heating at 1500 °C / %

Permanent linear change rate after

ALM-F023 G.ALM-F028
88 88
7 7
10 10
3.40 3.39
59 31
1.55 1.69

207
xR L
< 1.5
2 10t
5 o5
S 00
o
5 05| G.ALM-F028
©
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Q2 sl SSC-AM9049
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Temperature / C Time / min

Fig. 14 Thermal expansion under load of ALTIMA
and alumina magnesia castable.
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to chemical corrosion and thermal spalling. MgO-C

bricks in the category of green refractory have

been reported on previous SHINAGAWA technical

reports”. New ones have been developed and

added to the lineup as listed in Table 7.

6. 3 ALTIMA: unburnt Al20s-MgO brick for
steel ladle

ALTIMA is our unique unburnt brick excluding
carbon and is applied to the metal bath and free
board of steel ladles of electric arc-based steel
mills. ALTIMA, which was developed by applying
technologies of alumina-magnesia castables which
are widely used for the metal bath of steel ladles of
Japanese integrated steel mills, shows the following
unique characteristics; @ no equipment for casting
and drying is required for installation, @ thermal
load on steel shell can be reduced according to its
lower thermal conductivity, and ® carbon pick up
to molten steel can be eliminated®®. We developed
technology for spent alumina-magnesia castable
addition to ALTIMA to obtain ALTIMA bricks
categorized as green refractory.

Table 8 compares typical properties of G.ALM-
FO028, which was developed for the category of
green refractory and conventional ALM-F023. The
essential property of ALTIMA is deformation behavior
under load under high temperature conditions,
thus, thermal expansion under load was evaluated.
Fig. 14 compares the thermal expansion curves
under load of developed G.ALM-F028, conventional
ALM-F023 and a representative alumina-magnesia
castable SSC-AMO9049. The developed green
refractory version shows permanent linear change
equivalent to SSC-AM9049 as well as adequate
ductile deformation, so, favorable high temperature
functions such as compressive stress relaxation and
joint opening mitigation are anticipated.

6. 4 Refractories for steel continuous casting

The slide valve is a molten steel flow speed
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regulating system composed of a set of inner
bore-installed plate refractories and middle/lower
nozzle, which are the unburnt refractories installed
under the slide valve plates to function as steel
flow homogenizer. Since various kinds of superior
characteristics such as strength, abrasion resistance,
oxidation resistance, corrosion resistance and
thermal shock resistance are simultaneously required
for slide valve plates, dense plates consisting of
high purity raw materials are applied. On the other
hand, the lower nozzles must withstand intensive
molten steel flow for long time periods, thus,
superior corrosion and thermal shock resistance are
necessary.

In the case of the slide valve plate, the area that
contacts molten steel is limited to the inner bore.
Once inner bore damage induces difficulty in
accurate flow speed control, the slide valve plate
has to be changed even though the rest of the part

Table 9 Typical properties of developed nozzle materials

Chemical Comp. / %
ALOs

SiO2

Zr0z

C

Apparent porosity / %

Table 10 Typical properties of developed versatile castables

Bulk specific gravity / -
Cold crushing strength / MPa

SVR-NHE25R | SVR-NHG25R

76 75

6 4

6 6

6 6

5.0 7.5
3.08 3.05
100 90

G.CN-140 G.CN-150 G.CA-160 G.CA-170
Chemical Comp. / %
ALOs 41 48 52 60
SiO: 51 42 40 34
Permanent linear change / %
110°C-24h -0.03 -0.04 -0.03 -0.03
1000°C-3h +0.13 -0.19 -0.16 -0.13
1400°C-3h +0.25
1500°C-3h +0.96 +0.86 -0.91
Modulus of rupture / MPa
110°C-24h 4.3 5.5 5.5 5.2
1000°C-3h 1.9 3.1 3.4 2.7
1400°C-3h 10.7
1500°C-3h 15.2 15.0 15.3
Apparent porosity / %
110°C-24h 25.1 25.5 23.0 22.2
1000°C-3h 31.2 313 28.9 28.0
1400°C-3h 30.0
1500°C-3h 25.6 22.7 21.8
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is in an undamaged condition. Thus, middle/lower
nozzles including green raw materials obtained from
spent slide valve plates were developed. These
materials, categorized by green refractory, show
equivalent thermal shock resistance and superior
corrosion resistance compared to conventional
material. Table 9 provides the typical properties of
the developed materials for middle/lower nozzles.

7. Monolithic Refractories

7. 1 CN, CA series: generic castable

According to their great versatility, generic
monolithic refractories, which are composed of
chamotte aggregates, are used for all kinds of
facilities in the high temperature industry. Many
kinds of generic monolithic refractories are available
in variations correspond to installing method such
as casting, pumping, troweling, and gunning, by
suitable arrangement of their composition. As
described in 5.1, chamotte is the main raw material
of the versatile chamotte bricks and chamotte
bricks categorized as green refractory have been
developed. In the same way, generic castables
categorized as green refractory were developed by
including green raw materials obtained from spent
chamotte bricks. Table 10 provides the typical
properties of the developed materials.
7. 2 Castable for tundish

The tundish is a vessel that retains molten steel
discharged from a steel ladle temporarily and
delivers the molten steel to its casting positions
called strands. Thanks to the temporary retention,
seamless casting with molten steel provided
from multiple numbers of steel ladles becomes
possible. Since tundish is the vessel used for the
molten steel solidifying process, stable refractory
performance is critical for quality steel products.
Many of the tundish refractory linings of Japanese
integrated steel mills are composed of high alumina
brick, castables as working lining and a magnesian
coating, respectively from steel shell. Among these,
a working lining castable categorized as green
refractory was developed by containing aggregate
obtained from spent tundish castable”. Fig. 15 and
16 show the permanent linear change and modulus
of rupture, respectively and Table 11 provides its
typical properties.
7. 3 Basic gunning mix for electric arc

furnace repair

MgO-C bricks are applied to the side wall of
electric arc furnaces used for steel making, and
gunning materials consisting of basic aggregate are
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Table 11 Comparison of typical properties of developed tundish
castable and conventional tundish castable
Conventional Developed

Chemical Comp. / %

ALO:s 56 56

SiO» 40 38

Permanent linear change / %

110°C - 24h +0.14 -0.03

1000°C - 3h -0.30 -0.24

1500°C - 3h +0.76 +1.87

Modulus of rupture / MPa

110°C - 24h 13.2 14.4

1000°C - 3h 12.1 11.5

1500°C - 3h 11.3 13.4

Bulk specific gravity / -

110°C - 24h 2.44 2.47

1000°C - 3h 2.43 2.45

1500°C - 3h 2.34 2.43

Table 12 Typical properties of developed basic gunning materials for
EAF repair
JTM-MF-23 | JTM-MF-24 | JTM-MF-25
Chemical comp. / %
MgO 79 75 70
Cao 2 2 1
SiO» 5 5 5
ALO:s 6 9 14
Permanent linear change / %
1000C - 3h -0.1 -0.1 -0.2
1500C - 3h -0.3 -0.5 -0.6
Apparent porosity / %
1000°C - 3h 29 27 26
1500°C - 3h 26 25 24
7. 3 EBSIFEIERSEE Wt used as repairing materials since electric arc furnace
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slag exhibits high basicity with large amounts of FeO.
As described in 6.1, basic magnesia-spinel bricks are
used for cement rotary kilns, thus, basic gunning mix
categorized as green refractory are developed by
including basic aggregate obtained from spent bricks
derived from cement rotary kilns”. Table 12 provides
typical properties of the developed products.
7. 4 Taphole clay

Taphole clay is a monolithic material used for
plugging tapholes of blast furnaces. It is crucial for
blast furnace operation since it has to contribute
to tapping number reduction in order to reduce
workload and to suitable taphole depth preservation
to protect the furnace side wall'”. Therefore, adding
to good workability such as easy drilling and suitable
plugging, superior corrosion resistance is required
to maintain a stable inner taphole clay mass that is
measured by taphole depth. To satisfy this variety of
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Table 13 Comparison of typical properties of developed taphole
clay and conventional taphole clay

Conventional Developed

Chemical Comp. / %
ALO:s 23 25
SiO2 18 12
SiC + SisNa 26 27
C 12 15
Modulus of rupture / MPa

800°C-3h 4.2 4.3
1500°C-3h 8.1 9.1
Apparent Porosity / MPa

800°C-3h 28.8 29.0
1500°C-3h 325 31.8
Bulk specific gravity / -

800°C-3h 2.05 2.06
1500°C-3h 1.96 2.00
Normalized wear depth evaluated

. . 100 35

by slag corrosion experiment / -
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SHENBFEERICTIZHIC, 7Y RMOMKEBE, 7L
I, RIEER, B—ARY, BEERBSIOWLIEVS
IZEHDREBDSEBRINTWVD, CniCHL, 71—
EROBEYGHEAGHEEN -V VEEDRBEZHEAGD
BTEERD ERAETH LT, BB - ERNEESE
T2V Y RMZERFE LIz, Table 13[CAXROAEXZE
EERGELE LU TRY,

8. B8

St FHERRBADBMO O EDE LT, WA H
JIVICHWHBATEZ. TOIRHEAZBET 27201,
AELH KUHEBHSESNBMANY ) 1 7 LGS LU
EXTHHEINZ8EDE T - EEE, 2071 —>
FERZE20 U tZEITIREET -1 TFT KN —
EER, CNICERHT8BREEHARL, BEWLILK
ZM>TWd. MEICHIEST, 71— EEOEYRN
BoBE, EBYET ) — Y REOEBER, N—I 2RO
BREEFZITL, TNZTNORBOFREMRL TV S,
TV—=>)T7Z7N)—EFRBH—R>TY N UK
(Carbon Footprint of Products: CFP) MME<, @R% i
KT 2 & THERESEDGHGERICET 2 &N TED,
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requirements, the composition of the matrix part of
taphole clay is carefully designed by optimizing the
fraction of multiple kinds of powdery raw materials
such as alumina, silicon carbide, ferro-silicon nitride
and clay. We developed taphole clay categorized
as green refractory by careful selection of multiple
kinds of green raw materials and adjustment of
virgin raw materials recipe. Table 13 provides its
typical properties.

8. Conclusion

SHINAGAWA refracrtories Co., Ltd. has been
implementing refractory recycling to contribute to
the environment of our planet. To promote such
activity, we created a product category unique to
SHINAGAWA Refractories called green refractory,
which we define as refractory products containing
at least 20 mass% of internally/externally recycled
refractories and/or byproducts derived from
other industries, namely, green raw materials. We
are aggressively developing refractory products
categorized as green refractory and they are being
added to our product lineup. These newly created
products maintain their distinict characteristics
by suitable selection of adequately treated and
managed green raw materials. Since green refractory
products exhibit low carbon footprint of product
(CFP), anthropogenic GHG emissions from our planet
can be reduced by promoting their application.
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