oo | [$323R
No.66 2023

@

SHINAGAWA

SHINAGAWA
TECHNICAL
REPORT

KETLF+ZANT7 0Oy 7ZRAVEFIFRED
=mA{b& TRAREHE

Improvement of Blast Furnace Iron Runner
Refractory Durability and Shortening of Overall
Maintenance Period by Application of
Large-sized Precast Bocks

fn K E T (R B B X

Kenji Suzuki Tsuneyuki lIKUNI
H o 1= L =
Minoru TANAKA Atsushi MATONO

g)ll ¥R

SINCE 1954

<SS &RINI7S5H ) —XHASH

SHINAGAWA REFRACTORIES CO.,LTD.



Product No.66 2023

@B PRODUCT
ABYLF+vZA N0y 72AVERIFIEOST AL S THItEHE

Improvement of Blast Furnace Iron Runner Refractory Durability and
Shortening of Overall Maintenance Period by Application of
Large-sized Precast Bocks

m A &2 #" R B 2
Kenji Suzuki Tsuneyuki lIkuNi
H o A VR =

Minoru TANAKA Atsushi MATONO
g B

SIFHE(EA > T > THEIESNZBN—MRINTH L), THEMBEGHENLEENTWND, T, SlF3H
BADOKE T L+ AN 7OV I DOERERAIL. TORBR, EROFHHRUIAKMELELE LT, THAH
1/4, {EZEFBAMN/SICETEMBIUEE GV, NBLTHEMREEbEER U, £, ABTFLF+ R
N7'Oy 7 (CEtEBEOBRARSE M EZBRALET I ANRY RFvRITINAFERALEZET, WAL
#W1.8BICELEL, BIEENEY, BHda Nt i s 7k,

Abstract

Shortening of blast furnace troughs and runners refractory online repair maintenance operation period,
which is periodically conducted usually with on-site castable refractory relining, is strongly required along
with the reduction of labor. Thus, large-sized precast blocks are developed and applied for refractory
repairing maintenance of the iron runner. As a result, marked shortening of overall operation period was
achieved along with significant labor reduction. Specifically, working hours in the iron runner maintenance
operation were reduced to one-fifth (1/5) associated with shortening of overall maintenance period to
one-fourth (1/4). Furthermore, by applying a chemical-bonded castable refractory, which is our company’s
original refractory, characterized by superior mechanical strength at high temperature for precast blocks,
the durability of the iron runner refractories was improved by roughly 1.8 times, which contributes to the

prolongation of periodical iron runner maintenance interval.

1. &8 1. Introduction
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The troughs and runners of a blast furnace are
channels for molten metal and slag drained from
the blast furnace tap hole to the next process.
Online refractory relining maintenance repairs in
blast furnace troughs and runners are periodically
conducted usually with on-site castable refractory
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Table 1 Chemical compositions and MOR of two
types of castable refractory

Conventional | Developed
Binder tvpe Cement- Chemical-
P bonded bonded
Chemical ALOs 78 77
composition SiC 12 14
/ mass% C 1 2
Physical MOR / MPa

royemes 1000 C-3h 3 14
prop 1500 C-3h 4 12

Fig. 1 External appearance of large-sized
precast block.

relining. Since repairing maintenance on troughs
runners with castable refractory relining requires a
sequence of several processes, namely, demolish-
ment of used-up refractories, setting of molds, cast-
able refractory casting, curing, removal of molds and
drying, the overall repairing maintenance period is
lengthy. In order to shorten the overall maintenance
period of refractory repairing, a variety of innova-
tive optimizations have been introduced. A typical
example is application of castable refractory which
does not require on-site mixing work in online repair
maintenance". However, further reduction of overall
maintenance period is necessitated. Furthermore,
since the working environment of online refractory
maintenance at the blast furnace cast house is not
very comfortable, efforts for labor reduction are
required, too.

Under such circumstances, for the purposes of
shortening the overall maintenance period, reducing
labor in on-site refractory repair work and prolong-
ing the periodical maintenance interval by service
life extension of refractory, large-sized precast block
made of chemical-bonded castable refractory are
developed and applied for blast furnace iron runner.
There are our company’s original refractory products
characterized by high mechanical strength at high
temperature”. Practical application of large-sized
precast blocks for the iron runner is outlined in this
article.

2. Characteristics of Products

In order to manufacture the large-sized precast
block shown in Fig. 1, cementless chemical-bonded
castable refractory is applied. It is well acknowle-
dged that, in comparison with cement-bonded cast-
able refractory, chemical-bonded castable refractory
generally exhibits superior spalling resistance™?.
The chemical compositions of two types of castable
refractories are compared along with their modulus
of ruptures (MOR) in Table 1.

The hot modulus of ruptures (HMOR) at 1000°C
and 1400°C of two types of castable refractories,
a conventional cement-bonded castable refrac-
tory and developed chemical-bonded castable
refractory, are compared in Fig.2. The developed
chemical-bonded castable refractory, for which our
company’s original technology was used to create
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Fig.2 Comparison of HMOR at 1000°C and
1400 C between two types of castable
refractories.
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high mechanical strength at high temperature
was applied, exhibits superior hot strength. It is
prospected that such superior hot strength will be
effective in enduring the hot metal stream running
on the iron runner®. In other words, it is expected
that, because of the superior abrasion resistance of
the developed chemical-bonded castable refrac-
tory, durability of iron runner refractory would be
markedly improved.

Because of the disadvantageous aspects of
chemical-bonded castable refractories, namely, low
mechanical strength after curing and relatively high
crack sensibility by curing shrinkage, its application
for precast block is accompanied by some practical
difficulties. However, these difficulties were solved
by optimization of refractory material design as well
as of precast block manufacturing process, resulting
in successful manufacturing of large-sized precast
block, several meters of length and several tons of
product weight.

3. Practical Application of Large-sized
Precast Block for Iron Runner
Maintenance

By applying precast block to the iron runner,
operation time for setting and removal of mold, cast-
able refractory casting and curing can be curtailed.
Precast block setting time, which is alternatively
required, is minimized by an elaborate maintenance
design plan in which iron runner repairing is achie-
ved with an optimal number of precast blocks which
is enabled by precast block enlargement technolo-
gies. Furthermore, since precast block is well dried at
its manufacturing site, the on-site drying process can
be omitted. In precast block setting work, ramming
refractory material is relined between permanent
relining of iron runner and outside of precast block
so that used-up precast blocks are easily removed
with no muscular demolishing work necessary at
the next periodical maintenance.

As per Fig.3, in which repairing working hours
(index) in major repairing processes are compared
between conventional repairing maintenance with
on-site castable refractory relining and that with
precast block setting, the working hours in the
maintenance operation is lowered to one-fifth (1/5)
associated with shortening of overall maintenance
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Fig. 3 Comparison of repair work hours between
conventional maintenance with on-site
castable refractory relining and that with
precast block setting.
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Fig. 4 Comparison of durability between cement-
bonded castable refractory on-site relined
in conventional iron runner maintenance
and chemical-bonded castable refractory
applied for precast block in novel precast
block setting maintenance.
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period to one-fourth (1/4). In other words, marked
labor reduction is achieved in iron runner repairing
maintenance associated with shortening of overall
maintenance time.

4. Performance Achieved by Iron Runner
Maintenance with Large-sized Precast
Blocks

In order to evaluate the durability of cement-
bonded castable refractory on-site relined in
conventional iron runner maintenance and chemi-
cal-bonded castable refractory applied for large-
sized precast block used in novel iron runner main-
tenance, pig iron throughput or service life of these
two types of castable refractories is compared in
Fig. 4. In comparison with on-site relined cement-
bonded castable refractory, pig iron throughput,
i.e., the service life of chemical-bonded castable
refractory applied for precast block is extended to
roughly 1.8 times. Localized damage at joint between
neighboring precast blocks, which is concerned in
application of precast block for iron runner repairing
maintenance, is insured by optimal minimization of
joints (i.e. optimum number of large-sized precast
blocks) as well as proper setting work of precast
blocks.

Extension of chemical-bonded precast block iron
runner refractory service life is reflected in prolon-
gation of periodical maintenance interval, another
outcome of labor reduction in iron runner refractory
maintenance.

5. Conclusion

For the purposes of shortening overall operation
period of blast furnace troughs and runners repair-
ing maintenance and achieving labor reduction in
trough refractory repairing work, large-sized precast
blocks are applied. By applying large-sized precast
blocks for iron runner repairing maintenance, marked
reduction of overall operation period is achieved
along with significant labor reduction. Specifically,
working hours in iron runner maintenance opera-
tion are reduced to one-fifth (1/5), associated with
shortening of overall maintenance time to one-
fourth (1/4). By applying chemical-bonded castable
refractory, our company’s original refractory product
characterized by high mechanical strength at high
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