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1 Introduction

Our company was established in 1919 as a
manufacturer specializing in refractories for iron and steel
making, celebrated its 100th anniversary in 2019. The
history of this journal can be rephrased as the history of
refractories technology for iron and steel making in Japan.
In this article, we look back on Japanese refractories
technology, focusing on events in our company. Just as
steel production in Japan developed by introducing
western technologies, refractories production began by
imitating foreign technologies. Since then, Japanese steel
production technology has developed to lead the world
through technological innovation and scale expansion by
introduction converter steelmaking and continuous
casting. In accordance with the progress, by developing
new materials and technologies, refractories production
technology in Japan is at the forefront of the world.

In particular, the following three technologies have
been put into practical use for the first time in the world as
domestically produced original technologies, and can
boast to the world is proud of them as technologies
developed and spread from Kitakyushu.

1) Unfired magnesia-carbon brick

Unfired brick was developed with a new binder
(resin) that can contain graphite in any proportion. In
particular, unfired brick, which contains a large amount of
graphite, was applied to converter for the first time in the
world and became widely used as the world standard lining
material for converter.

2) Flow control system and refractories for continuous
casting

Without this technology, continuous casting is not
realized, the technology is essential and widespread in the
wortld, contributing to a dramatic increase in steel
productivity.

3) Dense castable refractories (for casting execution)

Monolithic refractories, which was inferior to
bricks in terms of refractoriness and compactness, played
only an auxiliary role in bricks, but with the development
of a new castable, it came to be widely used in various
industrial furnaces. It has grown to about 70 % of total

production of refractories.
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In chis article, we review refractories technologies
that have evolved in response to the changes in iron and
steel making processes.

2 Development of unfired MgO-C bricks

In the 1970s, when production of crude steel
peaked out, domestic steelmakers shifted from quantitative
expansion to qualitative improvement. The service life of
refractories for converter improved significantly through
the furnace operating method such as "slag control
technology”, the qualitative improvement of bricks and the
large amount use of spraying materials. On the other hand,
the use of fired dolomite bricks decreased drastically.

The Japanese economy was hit hard by the dollar
shock in 1971 and the oil shock in 1973, and the steel
industry was particularly damaged severally. Orders
received in our Shimizu Plant, which specializes in
customer from steelmakers, continued to decrease while
the operating conditions of electric furnace for steel
making were becoming increasingly severe. When new
technologies are seeked to halt the decline in orders,
unfired "MgO-C brick" developed in 1971 was put to
practical use in actual operation, it showed much better
performance than conventional magnesia-chrome or
magnesia based bricks. Although mass production was
immediately attempted, the production had to be stopped
due to the deterioration of the working environment
caused by the odor of the binder (phenol resin) emanating
from the compounds in the mixing and molding process.
Therefore, in cooperation with a binder manufacturer, we
repeated trial manufacture using more than 250 kinds of
new binders.

After these long trials and tribulations, the liquid
type of novolac resin was developed in 1976, and the
MgO-C brick "CARDIC-MR" series of magnesia
aggregate and flaky graphite bonded with resin was
commercialized. This brick had been used in electric
furnace wall, had a longer life than traditional magnesia-
chrome bricks, and due to its high thermal conductivity
and water-cooling in furnace wall changed completely the

lining of electric furnace.

2°1 Application to ladle refining

Special steel manufacturers in the electric furnace
industry have long employed the refining outside furnace
process, but the LF (ladle furnace) process developed by
Daido Special Steel Co., Ltd. in 1972 has rapidly spread
because it exhibited remarkable effects on both quality and
productivity improvements of the steel with reduced cost.

CARDIC-MR was first used in 1978 at the
Toyohashi plant of Topy Industries in slag line of 120 ton
ladle furnace. The CARDIC-MR for ladle had exceeded
the production volume of bricks for the main body of
electric furnace in a few years, and grown to be the main

product of MgO-C bricks of the Shimizu Plant. CARDIC-
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MR was also tested in electric furnaces in the companies of
U.S. with good results, but it could not be exported due to
political regulation by U.S. government.

2°2 Application to converter, worldwide outstanding
achievement

In 1977, when LD converter was at its peak as fired
dolomite bricks were lined up inside the walls, Chiba
Works of Kawasaki Steel Corp. (present JFE Steel Corp.)
introduced pure-oxygen bottom blown converter (Q-BOP)
for the first time in Japan, which was considered superior
to LD converter in terms of stirring power and refining
ability. In the Q-BOP too, fired dolomite bricks were
mainly used at first, but the wear in furnace bottom tuyere,
where pure oxygen is injected. The life span in furnace
bottom was also lowered to 200 - 300 charges, and
industrialization was feared.

At the request of Kawasaki Steel Corp. to extend
the life of refractories, Yomoda factory manager of the
Shimizu Plant strongly recommended MgO-C bricks,
which contain a large amount of flaky graphite (20 %),
based on the good results in electric furnace.

However, while 5 ~ 7% graphite including MgO-C
bricks were being tested as bottom bricks in converter,
anyone involved in the use of graphite 20 % high-carbon
MgO-C bricks in and around the furnace bottom tuyere
considered it dangerous. Nevertheless, his enthusiasm
prompted Kawasaki Steel to approve the proposal. After
careful preliminary tests, Kawasaki Steel decided to take
on the challenge of building a real furnace trials began in
tuyere in April and in furnace bottom in August 1977.

As a result, the life of furnace was 3 times longer
than that of dolomite brick installed which had been used
in the past. His strong belief overturned common sense at
that time and led to a remarkable achievement worldwide.

After that, the furnace bottom life was further
extended by the development of furnace installation
method and the scale-down of tuyere bricks to reduce the
stress generated in the bricks, and the furnace bottom life
exceeded 2,000 charges in about 3 years after the start of
operation. This is a feat that even US Steel Corp., which
introduced Q-BOP technology, could not achieve.

This dramatic technological development story
was written and serialized in the monthly magazine
'Shunju Bungei' by a nonfiction writer, Kunio Yanagida,
and published as Japan's Reversed Day' by Kodansha in
1981. Literally, it was a symbolic event in which Japanese
steelmaking technology, in pursuit of Western steelmaking
technology, took the lead in the world.

Soon after the announcement of great achievement
the Q-BOP, the MgO-C bricks were adopted in all parts of
converter within a short period of time. This became an
opportunity to spread throughout the world as the
refractories for the top-bottom (combined blowing) blow
refining produced by steel companies, which began 1-2
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years later. The technological development of "unfired
MgO-C brick" was advanced as a typical refractories
produced in Japan, today, it has become the global standard
as the lining material of the converter.

2°3 Current state of MgO-C bricks

As MgO-C bricks became widely used as lining
materials for the converter with certain improvements on
quality and execution.

High purity, large crystalline magnesia (sintered
magnesia) from seawater was developed by manufacturers
such as the former Ube Chemical Industry Co., Led. and
the former Shin Nihon Chemical Industry Co., Ltd., and
domestically produced MgO-C brick has maintained
superiority over overseas products. The life of MgO-C
brick which is applied to the neck part of the converter was
extended by containing an electric fused magnesia
promoted in Japan. The electric fused magnesia used at
this time had to be expensive because high-purity seawater
magnesia was used as raw material, so it was used only for
the neck part, but it was still effective, and it succeeded in
extending the life of the converter linings.

But with the advent of cheaper Chinese fused
magnesia, situation changed completely. Although the
yield of high-purity electric fused magnesia is low, the
durability of the Chinese electric fused magnesia, which
are obtained by electromelting natural magnesia even with
relatively low purity (96 % MgO level), was as good as or
better than that of high-purity seawater magnesia. As a
result, high-purity sintering magnesia for the converter
were gradually driven out, and domestic seawater magnesia
manufacturers and electric fused magnesia manufacturers
were forced to close down or downsize.

The market for MgO-C bricks fell sharply with the
debut of the Chinese electric fused magnesia. In our
company, more than 2/3 of MgO-C bricks for the converter
were shifted to production in the factory located in China,
such as WKS (Wuxi Krosaki Sujia). Recently, however, a
new dense MgO-C brick CARDIX with an apparent
porosity of 7 -~ 8 % after firing has been developed as
shown in Table 1, aiming at the revival of the domestic

MgO-C bricks.

3 Flow control device for continuous casting and
refractories used for it

Afterrecording 120 million tons annual production
at 1973, the production of crude steel ceased to increase
and became almost constant yearly moving into a stable
production period. Around that time, the steel industry in
Japan accelerated tremendous technological innovation
such as spread of a continuous casting, and jumped to the
top of the world even in the amount of production (Fig.1).

Japan expanded the continuous casting compared
much quickly to the U.S., an advanced in the steel industry
where the matured ingot casting operation delayed the



Table 1 Trends of bricks for converter

Unfiring tar-dolomite brick Firing dolomite brick] MgO-C brick | Dence MgO-C brick
DOLMAX DOLBAN CARDIC CARDIX
conventional| slag line, steel bath| (pitch impregnation)
Chemical composition  MgO 53~55 68~70 80~90 80~90 84~91
% CaO | 35~37 16~18 18~8 .- ---
F.C. 5~6 5~6 2~3 19~21 15~18
Product
Bulk specific gravity / - 2.80~2.90 2.75~2.85 2.98~3.05 2.86 3.07
Apparent porosity / % 8.0~10.0 7.0~9.0 12.5~14.0 3.8 3.3
After 1000 °C reduced firing
Bulk specific gravity / - --- --- --- 2.8 3.02
Apparent porosity / % --- --- --- 12.4 6.8
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Fig. 1 Trends in crude steel production in Japan and increase in continuous casting ratio for several

countries including Japan.
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replacement to the continuous caster.

On the other hand, the situation in refractories has
been completely changed. Although the ingot casting
method until the 1960's used clay refractories called
"surface brick" in large amount, the production of them
has been decreasing since 1970. Our company once
produced 470 thousand tons of the refractories a year at
the peak, but the production decreased to just under 160
thousand tons in 1993.

With the spread of the continuous casting
technology around the world, new refractories, such as
sliding nozzles, ladle shroud, and submerged entry nozzle
became to use. They are completely different from the
conventional refractories in manufacturing techniques,
shapes, and materials.

Krosaki Harima Technical Report No.167 (2019)
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3°1 Development of sliding nozzle apparatus

The sliding nozzle (SN) equipment which controls
the flow rate of molten steel on the continuous casting is
known as the invention patented by David D. Lewis of the
United States in 18861) for the first time in the world, but
it took a long time for the practical application.

It was first put into practical use in Germany in
1964. Due to its excellent functions and safety, it has been
rapidly adopted all over the world since around 1969.

Yawata Steel Works was the first in Japan to
undertake R&D on the SN, and in 1968, the SN was
practiced at 30 ton ladle of the Yawata No.5 Steel making
factory. Our company conducted a joint research on SN
with Yawata Steel Works and obtained manufacturing and
sales rights for the SN equipment and refractories through
a technical assistance and external sales contract in
February 1969. Since then, it made a full-scale entry into
the market as the only comprehensive manufacturer of
refractories and equipment for the SN in Japan.

In March 1970, our company's SN unit 1 (Fig.2
(a)) was delivered to Japan Special Steel Co., Ltd. (present
Daido Steel Co., Ltd.) together with the refractories for use
in the ladle. After that, it rapidly spread to steel
manufacturers, starting with Hirohata Works of Nippon
Steel Corp. The SN system, which started with the ladle,
was also applied to the tundish in August 1972, along with
the spreading of the continuous casting system.

As a result of a series of improvements and
developments in the SN system and refractories, the
cumulative number of sliding nozzle units sold by our
company, including overseas units, reached 4,000 by 1993,
and sales are steadily increasing.

The new SN device "R-Series (Fig.2 (b))", which
has been successfully put into practical use in recent years,
has adopted a new plate setting mechanism "N-QFP" to
dramatically improve safety and workability, and has been
highly evaluated both in Japan and overseas as a model
that can be expected to be further automated.

Fig. 2 The sliding device for SN (Sliding nozzle)
of (a) our first one and (b) "R-series'.
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3°2 Changes in the sliding nozzle plate

The refractories used in the SN equipment (SN
plate) were initially carbon-free materials such as zircon
"ZIRDER-SN-P" and high-alumina "HIRUNDAL-
SN-P" plates. They were changed to the "CAN" series of
alumina carbon system at around 1975.

The CAN is a fired and impregnated product
consisting of alumina and carbon as main raw materials,
metal silicon as auxiliary raw material, and tar pitch as
binder, and it has greatly improved durability. Since pitch
impregnation is important for improving the durability of
the SN plate, a high-performance pitch impregnating
device was installed. After that, fired and impregnated
plates such as MRX and SRX using phenolic resin which
appeared as a binder for graphite containing refractories
such as MgO-C bricks, etc. became mainstream. The light
firing type BRX, without firing at high temperatures, was
developed to reduce the manufacturing period and cost.

The high-temperature reduction firing process
involves the packing of coke with a scabbard, so it has long
been regarded as a "3K" workplace. However, thanks to
the development of anti-oxidation furnace, WRX was
completed.

Recently, the HYPER plate which does not require
pitch impregnation was developed, and it evolved to the
first, second and third generations, and finally, the fourth
generation HYPER plate exhibiting almost equivalent
performance to that fired and impregnated plate was
commercialized. Release from 3K workplace and
shortening of the delivery period can be achieved
simultaneously by appearing the HYPER plate on the
stage, since the impregnation process was eliminated in the

manufacturing.

3°3 Development of alumina - graphite system
submerged entry nozzle (SEN)

Submerged entry nozzle came to be used for the
prevention of oxidation of molten steel in the continuous
casting.

At first, fused quartz or clay-graphite based
materials were used. Our company had tried to develop
and manufacture with the fused quartz by the casting
method around 1968, but the problems such as hole
diameter expansion by errosion and limits of material
performance limit for the continuous continuous casting
were not solved.

After alumina - graphite (AG) system submerged
entry nozzle was introduced from an overseas manufacturer
in 1970, we installed a small CIP (Cold isostatic press) in
Technical laboratory in 1971 and started the development
of the AG nozzle. After that, medium-sized CIP equipment
was introduced and full-scale development and production
started in 1978.

In terms of materials, quality of the product was
improved and stabilized as a result of the change of binder
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Fig. 3 Structure of various submerged entry
nozzles?.
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from pitch to resin (synthetic resin), and sales volume
increased rapidly.

In 1980 we have completed our original
formulation, mixing, and drying system, installed firing
furnace and a new CIP, and constructed a new machining
place on site adjacent to the plant. With this as a turning
point, in 1987s the monthly production was increased to
380 tons.

3°4 Measures for multiple casting

Around 1980, some customers including Nagoya
Works of Nippon Steel Corp. had succeeded to prevent
from cogging by blowing argon gas from the slit type
submerged entry nozzle (SEN) produced by other
company. In continuous casting, multiple casting (long
life) was favored to further improve the productivity. Its
success depends greatly on the clogging and errosion of the
SEN. As a countermeasure, various nozzles have been
developed.

In 1982, a resin bond type air permeated material
superior in corrosion resistance was developed. This slit
type SEN acquired the top market share in the industry
and became the main product of the AG nozzle. In 1978, a
new low thermal expansion aggregate, ZRM (zirconia -
mullite) was added to develop a new product superior in
abrasion resistance and corrosion resistance. In 1986, a
based ZrO,-CaO-C based system was developed as a
CaO-containing material to prevent from clogging by
forming a low melting point compound with the alumina
rich inclusion in steel, which causes clogging in the SEN.
In the following year, a non-silica AG material without
using fused silica, which is weak against heat load, was
developed, and in 1993, a highly spalling resistant non-
silica material was developed, further increasing the
reliability of the AG nozzle. These technological
innovations have led to a dramatic increase in the number
of multiple casting.

The improvement of the material is still continued,
we have studied on the subjects of further improvement of

shock

analytical simulation of molten steel flow using CFD

thermal resistance and corrosion resistance,
(computation fluid dynamics), and prevention of nozzle
clogging. As shown in Fig.3, various companies including
our company are continuously developing various types of
the SEN from both material and design points of view.
On the other hand, we marketed dolomite -
graphite system nozzle (DG), the only one in the world
focusing on the resistance to nozzle clogging. After that,
the DG-A and DG-D (Fig.4, Table 2) with improved
hydration characteristics were born in order to pursue ease
of use for customers. The DG-A have thermal shock
resistance with low thermal expansion coefficient
comparable to that of the ordinary AG materials. They
have been commercialized as more easy-to-use nozzle

which can be replaced without preheating. Figure 5 shows
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Fig. 4 Structure of submerged entry nozzle
applicated DG system.

VoI AT WS, BIFZEELEDT,
FALTHR 3 IR L2 K9S, TEIRTE & A4 & T O T
11725 %R RS DRI AT DI TV B,

fin s, MARENC A B LT, AT,
ANV YA - 7T T 7 A VE ) A
(DG) #WfibL7z. 20, BRETOMHVRT
SEBRT B0 MR L 72 DG-A,DG-D (M
4, £2) DAL, DG-A IZ—D AG ML A
DR IR R 2 LD 72O B AR — VAT E L,
HEFHSIOWFET, S5V e LT
rm b L 720 B 5 (2 AF I OHER AG (3ch. )
& DG-A (9ch. %) OHHILOBAZEIRIE R TS

4 AEMMNOEFAES
4-1 BHREDPSAERTHAIIAN

1970 4R FE TOARETM KWL FLo> H Hu b4
B E LCofDTH.OT, MEURZ & — OB H
T OZEIFIHEER L LTHEDNDIRETH o572, 29
L7z TRy oK% 1%, 1970 4F DA o 37t ik R0 4k
Fi O R T [AERMAY] EFRshbLHiiho
726

B2, MLIAARLEEILARYFR YT T )
[CASTAC] OISO IR LAERNERALT 5
BeLe), BIHE, Tty vahlNESERE LT,
£3, AKX 2AY TIVOEBE RS

F72, ERIFER L& LA L A S B 2R
TR, EEIFERERROES LD VTS TERFOKR
WaHFEmiLErd-60, SHEEFNEWHE KL,
1970 4E2415 10 % 55 CT&H - 72 HARDAE MK D
HEITESH 70 % IET AL, ANERKSIIEREN

_23_

Table 2 Chemical compositon and thermal
expansition of each DGs

material DG-D|DG-A| DG
Chemical composition CaO+MgO | 84 70 84
% Free C. 14 | 20 | 14
Others 2 10 2
Thermal expansion at 1000°C /% | 0.32 | 0.35 | 0.71

(b)

Fig. 5 Appearence of the port of SEN
(submerged entry nozzle) made of

(a) conventional AG and (b) DG-A after
3 ch. and 9 ch., respectively.

the nozzle port clogging after actual use of conventional

AG (after 3ch. use) and DG-A (after 9ch. use).

4 Innovative progress in monolithic refractories
4°1 Brick to monolithic refractories

Until around 1970, monolithic refractories was
mainly used as jointing and repairing materials for the
bricks, and partly used as structural components in the
industrial furnace with light load such as reheating
furnace. The "Powders" used for such applications have
been called "monolithic refractories” with the developments
of new execution methods and material technologies since
1970.

Especially, the appearance of casting method and
craybond castable "CASTAC" provided an opportunity to
replace ladle bricks with the castables, and developed the
application to blast furnace trough, tundish, etc. Tables 3
and 4 show properties of the various castables.

In addition, the progress of gunning refractories
and gunning repair equipment mainly in converter,
together with the progress in their operation technology,
brought about a significant extension of the service life of
the converter, spreading to various industrial furnaces. The
ratio of monolithic refractories in Japan, which was slightly
less than 10 % in 1970, reached 70 % today, indicating
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Table 3 Properties of various castables

Cray bond Low cement (KVR) | Low cement (CST) Conventional

Alumina cement content / % 0~1 7~10 3~5 15~25
External additive amount of water / % 7~8 7~8 4~6 15~20
After 110 °C x 24 h drying

Modulus of rupture / MPa 2 13 14 7

Bulk specific gravity / - 2.39 2.36 2.45 2.07

Apparent porosity / % 17 12 9 23
After 1000 “C x3 h firing

Bulk specific gravity / - 2.36 2.31 2.39 1.81

Apparent porosity / % 18 17 15 30

Table 4 Trends of various castables for ladle

Zircon (CTL-Z6L) | Alumina-spinel | Alumina-magnesia| Dence alumina-magnesia
Alumina cement content / % 0~1 10~15 5~10 5~10
External additive amount of water / % 6~8 6~8 5~7 4~5
After 110 °C x 24 h drying
Modulus of rupture / MPa 2~4 5~10 5~10 10~15
Bulk specific gravity / - 2.95~3.05 2.90~3.00 2.95~3.05 3.10~3.20
Apparent porosity / % 17~19 17~19 15~18 13~15
After 1000 °C x 3h firing
Bulk specific gravity / - 2.90~3.00 2.85~2.95 2.90~3.00 3.05~3.15
Apparent porosity / % 20~22 20~22 19~21 17~18

450

~castable
400 =plastic
359 ==gunning mix
ramming mix
300 —sling mix
250 —=-mortar

200

low cement type

dence type

cray bond type

castable

Production / thousand tons

150
50

that we cannot talk about this period without monolithic
refractories (Fig.6).

4°2 Development of craybond castable "CASTAC"
Monolithic refractories started from to use for
atmosphere furnaces, then they became to use for molten
metal containers directly contact with molten metal such
as pig iron and steel, and slag after proceeding the R&D
work on the peptization / flocculation and the flow /

0 1 I -
N 3B RRLIBIR S8 deformation of ding th, der-water system in th
2385538388538 8 eformation of proceeding the powder-water system in the
clay. As a result, technological innovation has arisen that
Year

Fig. 6 Trends in monolithic refractories
production in Japan.
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can ensure high quality without using a large amount of
binder (water glass, alumina cement, etc.) that degrades
refractoriness and corrosion resistance. Thus, the craybond
castables were developed and commercialized as the
"CASTAC".

The application of castable in ladle started at first
with the ladle sling method of the projection execution
(the moisture adjusted refractories are projected to the
target area by utilizing centrifugal force of impeller tip
rotating at high speed as shown Fig.7 (a)). Although this
method made some labor saving in furnace installation
operation, it did not spread due to problems such as dust,
noise, and durability. Later, the stamping method (Fig.7
(b)) using an automatic stamping machine was adopted in
some steel works, but it did not last long.

Accompanied with the development of the
"CASTAC", our company and Yawata Works of Nippon
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Fig. 7 Schematic illustration of (a) the sling and
(b) the stamping execution methods.

Steel Corp. jointly developed the casting method (named
"N-CAST method (Fig.8)" in 1974) and succeeded in
receiving molten steel in the ladle for the first time in the
world in September 1975, and the method has taken root
nationwide. This method replaced the bricks from tundish
too.

While the casting method in ladle has spread
rapidly, the price of zircon raw materials soared in 1988. In
the castable for the ladle, the semi-zircon system (silica
stone - zircon) was the mainstream in around 1975, but it
changed from the silica stone - zircon to the zircon system
to the alumina - spinel system in response to the customer's
needs, and the highly durable alumina - magnesia system
is mainly used on today.

4°3 Birth of "CASTAC-L" "CASTAC-R"

Craybond castable "CASTAC" was applied and
put to practical use in walls and ceiling of soaking pit and
reheating furnace for steels instead of the conventionally
used ramming material. Application improvements were
subsequently made to the castable for ladle "CASTAC-L",
which would be applied to the severer conditions contacting
directly with molten iron and slag.

From around the end of 1977, practical use of
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monolithic refractories in ladle began to spread nationwide,
and replaced slinger materials and bricks with craybond
castables. Around 1975, the stamping system (ramming
mix) was the mainstream of trough mix for use in blast
furnace, which was important as the refractories for
working in the iron making sector, but with the
development of trough mix "CASTAC-R" in around 1973,
stamping mixes gradually disappeared and renewed both
its materials and construction method.

The advantages of the castales are labor savings in
which the construction efficiency is improved through
reducing man-hour by mechanization of the execution in
addition to making possible to the additional construction
and that the life of trough was also greatly extended.

4°4 Development of low cement castable

"CASTAC" was epoch-making as a technology in
which stamping mixes (ramming mixes) plastic, a binder
of clay, was poured in, but its bending strength was as low
as about 1 MPa and it was limited to applications without
requiring high strength. In 1978, we improved the
CASTAC and developed an original high-strength and
low-cement castables "KROVIREEF". Because of the patent
infringement by the PROST (France), it was sold under a
non-exclusive license by PROST, and earned an excellent
reputation as materials for a variety of industrial furnaces.
After that, further, ultra low cement castable "CASSET"
was developed by decreasing cement content with
application of dispersion and cohesion technology of fine
powder.

The shaped refractories declined after peaking in
1970, while the monolithic refractories continued to
increase. In the monolithic refractories, usages of slinger
and ramming mixes are decreasing, while castables are on
the increase. By 1992, production amount of the monolithic
refractories exceeded that of the shaped refractories.

4°5 Development and application of repair equipment

Along with the development of monolithic
refractories (castables), repair equipment that makes full
use of it has also been developed.

One of the factors contributing to the rapid growth
of the monolithic refractories in the 1970s was the
evolution of various spray repairing systems.

Repair work in converter was heavily load under
high temperature. As a countermeasure, the gunning
repair machine for the converter "SHOOTER" was
developed in 1973, and the work which had been done by
4 - 5 persons became possible with 1 person (Fig.9).
Steelmakers adopted the system because it ensured safety,
reduced gunning losses and shortened working time. 3
equipments including the RH gunning repair machine
"VERTICAL-GUN" developed in 1977 and the tundish
fully automatic coating material gunning machine
"TUNGUN (Fig.10)" developed in 1981 are all long
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Fig.10 Automatic gunning machine for lining of
TD (tundish) "TUNGUN".
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Fig. 11 Large thermal spraying machine for
converter.

sellers of our company. 118 sets of "SHOOTER", 34 sets of
"VERTICAL-GUN", and 29 sets of "TUNGUN" have
been delivered including overseas by 2015.

For the repair technology of furnace by flame
gunning developed by Nippon Steel, our company has
cooperated from the initial stage in the material and
equipment developments and actual furnace test
construction. In 1980, we obtained a license to sell coke
oven thermal gunning repair, and started to conduct
thermal gunning business systematically. In particular, the
application of this technology to converter (Fig.11) had a
significant impact on demand in refractories, as seen in the
increase in furnace life expectancy and reduction in
refractory basic unit. At present, it is used to repair
damaged parts of the coke oven wall in thermit thermal
flame gunning, which instantly melts and fuses silica fine
powder in a high-temperature flame.

Other labor-saving equipment developed around
industrial furnaces include (1) maintenance machines for
the furnaces (SN desorption machine, TD tilt machine,
submerged entry nozzle automatic ex-changer, etc.), (2)
furnace dismantling machine (electric furnace, ladle, RH,
etc.), (3) furnace diagnostic machine (furnace observation

equipment, furnace thickness measuring equipment, etc.),
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and (4) molten steel flow controller (ladle SN & TD
automatic weight control system, TD/SN & mold level
automatic control system, etc.). These machines have

become more sophisticated with increasing time of use.

5 Future prospects

Steel industry in Japan increased production and
developed with introducing technologies from Europe and
U.S. in the past (prewar). Later, Japan steel making
processes reformed independently, and today, became a
country at the top level of steel production in the world.
Refractories for steelmaking also began with those of
imported and imitated at the time, but with supporting
the reform of steelmaking process, an original Japanese
(products)

steelmaking. Basic steelmaking is expected to continue in

technology was developed along with
the future, in this respect, refractories is unlikely to make
any major changes. However, development with the aim to
improve the durability, and to reduce the refractory basic
unit must be continued.

Just as evolved from fired bricks to unfired bricks
and monolithic refractories to save energy and labor in the
wake of the oil crisis, refractories will be friendly to both
refractories users and manufacturers in response to
environmental changes. Furthermore, development of
refractories to be friendly also to the natural environment
(CO:2 reduction, energy saving, heat insulation, heat loss

reduction, recycling) are considered as a future theme.
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