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Abstract

Toward achieving carbon neutrality, Shinagawa Refractories Co., Ltd. will take on the challenge of
reducing CO: gas emissions from fuel combustion and electricity consumption in our business activities by
50 % by 2030 compared to the fiscal 2013 level. Most magnesia-chrome bricks, which are representative
of basic refractories for steelmaking furnaces and various kilns, are “burned” bricks, approximately 90 %
of which are fired at high temperatures in the case of our production plant. In contrast, the magnesia-
chrome bricks SINTEX are originally unfired bricks, so the fuel used in the manufacturing process is about
1/9 of that of burned bricks, and their application is directly linked to a reduction in environmental
impact. Although SINTEX has been used in the past as a suspended ceiling material for open hearth
furnaces and as a lining material for nonferrous smelting furnaces, its production volume is not large at
present. Therefore, we have developed a new product, SINTEX-3, to expand the range of its application.
Laboratory evaluations of SINTEX-3, assuming the operating conditions in RH lower vessels where
magnesia-chrome bricks are used, showed that it has thermal spalling resistance and FeO-slag corrosion

resistance equivalent to those of the regular direct bonded product, S-DIR-6-5.

1. B8 1. Introduction
EE, BIERMEAOR A IERYICEELREES In recent years, approaching environment prob-
BoOTHY), DEFFHODTEH, ERNEHIOHHE lems has become an important worldwide issue,
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Fig. 1 Typical line-up of basic refractory
bricks manufactured in West Japan
Works, SRC.
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Fig. 2 Production ratio of magnesia-chrome
bricks by type.

and a variety of activities to reduce emissions of
greenhouse gasses have been conducted by many
entities as corporate activity. Our company is chal-
lenging the reduction of CO: gas emissions originat-
ing from energy consumed in business activities, such
as fuel combustion or use of electric power, by 50 %
from the emission volume in fiscal 2013 by 2030.
Furthermore, our company is sustaining its efforts
to contribute to achievement of carbon neutrality
in business supply chains by providing refractory
products and related technologies to reduce CO:
gas emission.

In the Okayama Plant, West Japan Works, a
variety of basic refractory products for industrial
furnace/kiln in the steel or other high temperature
industries are manufactured, of which their typical
line-ups are shown in Fig. 1. In the line-ups, magne-
sia-chrome bricks are one of the typical basic refrac-
tory brick products and 91% of them, as shown
in Fig.2, are produced by the high temperature
firing process. A small amount of unburnt magnesia-
chrome brick is produced under the “SINTEX” of
brand name. The origin of “SINTEX" is a basic brick
with technologies that were introduced in 1951 from
General Refractories Company in USA to Shinagawa
Refractories Co. Ltd. at the time. As exhibited in
Fig.3, a typical product is a metallic case combined
brick which can be applied to a suspension struc-
ture. Practically, metallic case combined basic bricks
were commonly used for suspended ceilings in open
hearth furnaces'™. Afterwards, these products
were replaced with direct-bonded burnt magnesia-
chrome bricks of which production was increased in
association with development of high temperature
firing technologies' ™. However, small amounts of
unburnt magnesia-chrome bricks are still produced
for copper refining furnaces (reverberatory furnace)
and side wall in electric furnaces.

Since, as shown in Fig.4, fuel consumption of
unburnt magnesia-chrome brick “SINTEX” in its pro-
duction process is roughly one-ninth (1/9) of that
for burnt refractory brick, its production is naturally
accompanied with the direct benefit of lowering
the environment load. Taking into account such
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Fig. 3 Photograph of metallic case combined
unburned magnesia-chrome brick.
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Fig. 4 Comparison of fuel consumption in
production between burned and
unburned magnesia-chrome brick.

an advantageous aspect, new unburnt magnesia-
chrome brick product “SINTEX-3" was developed to
expand applications. Because of its fortified mechani-
cal strength from ambient to medium temperature
range, which is created by modification of the binder
system and improvement of sinterability, “SINTEX-3"
can be handled without metallic case assembling.
Due to such improved aspect, “SINTEX-3" can be
applied in various types of furnace/kilns. With the
prospect of application to the lower vessel of the
vacuum RH degassing unit, one of the potential uses
of “SINTEX-3", a series of laboratory evaluation tests
were conducted. “SINTEX-3" exhibits equivalent
level of thermal spalling resistance, which is as good
as FeO corrosion resistance to those of currently
used direct-bonded magnesia-chrome brick. The
details of laboratory evaluation results are reviewed
in this article.

2. Unburnt Magnesia-chrome Brick
“SINTEX-3”

Unburnt refractory brick should have sufficient
shape retaining properties or appropriate mechani-
cal strength to endure handling work in the manu-
facturing process, transportation to the relining site
and relining operation by adequate combination of
binder (bonding agent) blended in their raw material
aggregates and drying at proper temperature after
shaping. Because of the product concept that the
prick shape of the conventional product “SINTEX”
is retained by assembled metallic case, binder com-
monly applied for burnt refractory brick products is
blended into “SINTEX". By modifying the blended
binder system so as to abolish the necessity of
metallic case assembling, additional modification
for improving sinterability and adoption of differ-
ent types of additive materials, two types of new
unburnt magnesia-chrome brick, “SINTEX-3-1" and
“SINTEX-3-2", were developed. In the following
chapters, “SINTEX”, “SINTEX-3-1" and “SINTEX-3-2"
will be referred to as SNT-MC, SNT-3-1 and SNT-3-
2, respectively.

2. 1 Modification of binder system
To evaluate the influence of binder system on the
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shape retaining property for shaped bricks, each
of four binders, namely, conventional binder A and
newly adopted binder B, C and D with different
bonding types, were blended to unburnt magnesia-
chrome brick. After heating at room temperature (no
heat treatment), at low temperature (100-300°C)
and at medium temperature (600-800°C), the
shape retaining property or mechanical strength
of the test bricks were evaluated in a handling test
checking for the occurrence of ridge line cracking or
chipping of brick corners. The handling test results
are summarized in Table 1 and, as typical examples,
the appearances of four types of non heat-treated
test bricks after handling test are shown in Table 2
along with evaluation results. Test bricks blended
with binder A and binder C exhibited chipping off at
brick corners, and ridge line cracking was observed
in the test brick blended with binder D. While, neither
ridge line cracking nor chipping off at brick corners

Table 1 Visual inspection results of bricks using four different types of
binders after heating at various temperatures

After heating at
Binder Bonding type
(no heat treatment) Low temp. Middle temp.
A Chemical 7aN VaN X
B Chemical O O O
@ Gel X A @)
D Hydration O O AN

% Low temp.: 100~300 C

Middle temp.: 600~800 C

O : Acceptable A : Crack of ridge lines X : Chipping off at brick corners

Table 2 Visual inspection results of no-heat treatment bricks using four different
types of binders after carrying test

Binder A B

Appearance

Evaluation N O

O : Acceptable A : Crack of ridge lines X : Chipping off at brick corners
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was observed in the test brick blended with binder
B of which the mechanical strength is thought to
be sufficient to secure the shape retaining property.
Based on handling test results, binder B was applied
for SNT-3-1 and SNT-3-2.
2. 2 Chemical and physical properties

The typical chemical and physical properties of
conventional unburnt magnesia-chrome brick, SNT-
MC, and newly developed SNT-3-1 and SNT-3-2
are shown in Table 3 along with, for comparison
purposes, those of burnt direct-bonded magnesia-
chrome brick, S-DIR-6-5. Both SNT-3-1 and SNT-3-2
exhibit equivalent mechanical strength to that of
direct-bonded magnesia-chrome brick, S-DIR-6-5. It
is noted that, since new additive materials blended
into SNT-3-1 and SNT-3-2 for improving sinterability
in firing treatment contain relatively large amounts
of Cr,Os, the amount of Cr.Os in SNT-3-1 and SNT-
3-2 is higher than that of SNT-MC and S-DIR-6-5.
In Fig. 5, the cold crushing strengths of SNT-3-1 and
SNT-3-2 are compared with that of other refractory
materials, namely, SNT-MC, S-DIR-6-5 (burnt mag-
nesia-chrome brick) and generally applied MgO-C
prick. It is noted that the cold crushing strength
labeled with “Products” in Fig.5 is, for unburnt
bricks, that after firing treatment at a specified tem-
perature and, for burnt brick, that after firing in the
manufacturing process. The cold crushing strength

Table 3 Chemical and physical properties of representative samples of unburned
and burned magnesia-chrome bricks

Product code SNT-MC SNT-3-1 SNT-3-2 S-DIR-6-5

Chemical Composition / mass%

MgO 67.0 30.3 31.0 67.0

Cr20s 1.5 403 41.2 16.1

SiO2 - 2.7 2.8 2.0

Fe:0s 12.7 12.9 7.0
Apparent porosity / % 15.6 8.0 7.5 17.0
Bulk density / kg-m? 2930 3540 3580 3150
Cold crushing strength / MPa 34 66 64 50

Unburned Unburned Unburned
Note (Ordinary) High spalling ~ High FeO  Direct bonded

resistance resistance
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80y 0O Products
O After firing at 1000 C

60

40t

A

0 SNT-3-1 SNT-3-2 S-DIR-6-5 SNT-MC  MgO-C

Cold crushing strength / MPa

Fig. 5 Comparison of cold crushing strength of
SINTEX-3 with other materials.

" Test pieces

Fig. 6 Inner view inside the box type electric
furnace during heating for spalling test.

after firing at 1000°C is that after firing treatment
at 1000 °C in the appropriate atmosphere. Since the
cold crushing strength of burnt magnesia-chrome
brick after firing treatment at 1000 C temperature
is not varied, the cold crushing strength after firing
in manufacturing process is used. Both SNT-3-1
and SNT-3-2 exhibit higher cold crushing strength
(labeled with “Products”) than S-DIR-6-5. The cold
crushing strength of SNT-3-1 and SNT-3-2 after firing
treatment at 1000C is equivalent to that of burnt
magnesia-chrome brick and higher than that of
conventional SNT-MC and MgO-C brick.
2. 3 Thermal spalling resistance

The thermal spalling test was conducted in a box
type electric furnace. 40 mm square cubic specimens
were put in an electric furnace, of which the internal
temperature was kept at 1200 C, for 15 minutes, fol-
lowed by water cooling for 3 minutes and air cool-
ing for 15minutes. Such heating-cooling cycle was
repeated until the sample specimen broke. The inner
appearance of the box type electric furnace used
during the sample specimen heating cycle is shown
in Fig.6, and the thermal spalling test results are
summarized in Table 4 along with sample specimen
from the thermal spalling test. In comparison with
burnt magnesia-chrome brick, S-DIR-6-5, SNT-3-1
exhibits quite superior thermal spalling resistance.
2. 4 Corrosion resistance to FeO

The corrosion resistance of three types of mag-
nesia-chrome brick, SNT-3-1, SNT-3-2 and S-DIR-
6-5, were evaluated with rotary crucible corrosion
test. A schematic diagram is shown in Fig.7. The
corrosion test was conducted on six pieces of
(40-80)X35X60 mm trapezoidal brick sample speci-
mens, which were assembled in a crucible as per
Fig.7. They were heated at 1650 °C for 5hours in an
ambient atmosphere with an oxygen-propane gas
burner and kept at the experiment temperature. As
a corrosive agent, mill scale (FeO=100%) was used
with exchanging every one hour. Based on the pros-
pect that one of the potential applications of the
newly developed unburnt magnesia-chrome brick
refractory bricks would be the relining of the free
board region the of lower vessel of the vacuum RH
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degassing unit, corrosion would be caused majorly
by adhering molten steel splashes rather than by
direct contact with molten steel or slag. A mill scale
was selected as the corrosive agent in the rotary
crucible corrosion test. Cross section photographs
of each corrosion test sample specimen are shown
in Table 5, along with wear index in which 100 repre-
sents the corrosion volume of S-DIR-6-5. A smaller
wear index means higher corrosion resistance. In
comparison with S-DIR-6-5, SNT-3-1 and SNT-3-2
exhibit equivalent and higher corrosion resistance,
respectively.
2. 5 Test results (summary)

The above described evaluation test results are
summarized as follows. Both newly developed

Table 4 Thermal spalling test results and test piece appearances of
SNT-3-1, SNT-3-2 and S-DIR-6-5 after heating/cooling cycles

cycles till breakage
/ cycles(N=2)

Product code SNT-3-1 SNT-3-2 S-DIR-6-5
Number of
heating/cooling 10 9 v 4 8 5

After 4 cycles

After 7 cycles

O2-propane burner )
Test pieces

Ny _"
A\~

A-A cross section

Fig.7 Schematic diagrams of rotary crucible slag corrosion test.
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unburnt magnesia-chrome bricks, SNT-3-1 and
SNT-3-2, exhibited almost equivalent cold crushing
strength after firing at 1000°C to that of burnt mag-
nesia-chrome brick, S-DIR-6-5. SNT-3-1 exhibited
better thermal spalling resistance and equivalent
corrosion resistance to S-DIR-6-5. While, despite
the inferior thermal spalling resistance to S-DIR-6-5,
SNT-3-2 exhibited higher corrosion resistance than
S-DIR-6-5.

3. Conclusion

In the increasingly global approach to environ-
mental problems, focusing on the advantageous
aspects of unburnt refractory brick, the direct ben-
efit of lowering the environment load by unneces-
sity of the firing process in manufacturing, unburnt
magnesia-chrome brick, “SINTEX-3”, was developed.
Laboratory evaluation tests between “SINTEX-3”
and commonly applied burnt direct-bonded mag-
nesia-chrome brick, S-DIR-6-5, reveal the following
conclusions.
1) Both SNT-3-1 and SNT-3-2 exhibit almost equiva-
lent cold crushing strength to that of S-DIR-6-5
2) SNT-3-1 exhibits better thermal spalling resistance
and equivalent corrosion resistance to S-DIR-6-5

3) Despite inferiority in thermal spalling resistance,
SNT-3-2 exhibits higher corrosion resistance than
S-DIR-6-5

Table 5 Cross section photographs and wear index of slag
corrosion test pieces of SNT-3-1, SNT-3-2, S-DIR-6-5

Product code SNT-3-1

S-DIR-6-5

Cross section

Wear index*/ - 101

82 100

* Smaller is higher corrosion resistance
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