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Development of Troughs Materials with Quick Installation
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Abstract

Reduction of time and labor for trough repair has been one of the most important customer
demand problems. In this study we developed new self-hardening mixerless materials which
can shorten installation time by almost 1/3 that of conventional castable installation due to

no-mixing process and shortened hardening time.
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1. Introduction

In conventional castable refractory instal-
lation for blast furnace trough repairs, dry
materials are mixed by mixer near the instal-
lation site and the mixed materials are con-
veyed to the casting spot by a carrying device
like a hopper or a concrete pump. There are
some differences in the details of the type of
mixer and carrying device, however, the
general procedure of mixing and carrying is
common to most installations.

Reduction of time and labor for trough
repair has been one of the most important
customer demand problems. We have pro-
posed many improvements to meet their
demands. For example, Yamamura and col-
leagues developed a “mixerless castable” for
the trough, which used a silicate binder and
was premixed with water necessary for
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Conventional castable
installation method

New self-hardening
mixerless installation method

[ Dry powder materials J [ Wet mixture ]

‘ Mixing with mixer ‘
‘ Installation by pump and
adding Cement-Slurry

Installation by
belt conveyor

Vibrating mixture by vibrators

Fig. 1 Comparison of working procedure
between conventional and new self-
hardening mixerless casting methods.
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casting installation at manufacturing, there-
fore, didn't need to be mixed at the time of
installation, but needed to be heated for
setting'. This castable, however, didn't catch
on because it was found that the heat curing
for setting caused some new problems includ-
ing deformation of mold by heating and
crack generation during heat curing.

After considering further improvements to
solve these problems, we developed a new
mixerless castable material and an installa-
tion system which didn't need heat curing
any more and made it possible to shorten
setting time easily. The outline of the tech-
nique for the mixerless castable is described
below.

This new castable material and system has
been commonly applied to the repair of all
troughs including the main trough and also
applied to taphole repair by making use of
the property of short setting time, and has
contributed to the reduction of time and
labor for installation.

2. Features of Self-hardening Mixerless
Castable Materials

Conventional castable materials are deliv-
ered in dry powder form and used after
mixing with water at the installation site.
On the other hand, the primary characteris-
tic of the mixerless castable material we
developed this time is that it is delivered in a
wet mixture which contains the water re-
quired for casting installation in advance,
but doesn't contain a binder. The binder is
added just before casting at the time of in-
stallation in a manner similar to the method
in a wet gunning system”, and then the
installed material hardens like conventional
castable materials.

Because this new self-hardening mixerless
castable can eliminate the mixing process at
installation and heat curing which is neces-
sary for a heat-curable mixerless castable
materials, it can reduce time and labor for
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Table 1

Chemical composition of each grain size

Materials for
slag line

Materials for
metal line

Chemical
Composition

+Tmm

SiC, Al,Os

Al,Os, Spinel

Tmm-0.045mm

SiC

Al,Os

- 0.046mm

SiC, C, Al,Os

SiC, C, AlLOs
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installation.

3. Features of Self-hardening Mixerless
Castable Installation

Fig.1 shows a comparison of the installa-
tion method for new self-hardening mixer-
less castable and conventional castable. In
the installation method for mixerless
castable, no mixing process is one of the
most important features, but another impor-
tant feature is the method for adding binder.
In the installation of self-hardening mixer-
less castable, cement slurry is added and
mixed with compressed air at the end of the
hose for feeding materials. The merits of this
system are that it is possible to eliminate any
troubles caused by unexpected material hard-
ening. In the case of pumping installation
with conventional castable materials, because
conventional castable materials contain a
hardening agent like cement, troubles such
as materials hardening in mixer or hose due
to a wrong adjustment of hardening time or
a long pause of installation by some reason,
can occur.

On the other hand, in case of pumping
installation with new self-hardening mixer-
less castable, as the hardening agent i1s added
after pumping, hardening trouble during
installation can't happen in principle, there-
fore, the installation can be done safely and
reliably.

The advantages which this new self-
hardening mixerless castable can provide are
summarized as follows;

(1) Tt is possible to reduce time and labor
because the mixing process is not neces-
sary at the time of installation.

(2) It can improve the working environment
because there is no dust and noise pro-
duced due to mixing in workplace.

(3) Troubles associated with material hard-
ening, like hose clogging never occur.
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4. Method to Control Change in
Flowability with Time

Since the mixerless materials need to be
delivered with enough flowability for instal-
lation, change in flowability with storage
time and transportation must be suffi-
ciently-small. In view of the fact that unused
material must retain good flowability until
the next installation, we set a target for shelf
life of one month so that the material after
one month from manufacturing still has
sufficient flowability for pumping and cast-
ing. There are many factors which influence
the change in flowability with time, however,
the influences of grain size distribution and
dispersant are discussed here.

The composition of the castable materials
for the blast furnace main trough differ
depending on the place where the materials
are applied, ALOs(or spinel)-SiC-C materials
for the metal line and SiC-Al:O;-C materials
for the slag line and are commonly used.
Therefore, we examined the flowability
change of these two types of materials. The
chemical composition for each grain size of
tested materials is shown in Table 1.

The change in flowability with time was
measured as follows. At first, all raw materi-
als except for cement as a binder were mixed
with water by versatile mixer. Then, the
mixture was preserved in a sealed plastic
bag. The amount of water added was ad-
justed so that the V5 flow value was about
200mm. The V5 flow value of a preserved
mixture was measured every few days until a
decrease of 160mm. When the vibration flow
value was less than 160mm, the mixture was
considered to have sufficient flowability for
feeding, also depending on pump and instal-
lation conditions.

4. 1 Influence of particle distribution

We examined the change in flowability
with time of conventional castable for trough
without cement. The vibration flow value
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Fig. 2 Influence of change in flowability with time on particle distribution.
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after 5 days mixing with water was less than
160mm. So, we modified proportion of coarse
grains, middle grains and fine powder of
conventional castable, and examined the
flowability change of these mixtures. As
shown in Fig.2, the flowability change of
materials for metal line became smaller by
increasing fine powder.

Castables for the metal line contain coarse
AlLO; and spinel grains because they have a
heavier specific gravity than the average
specific gravity of whole mixtures. The
coarse grains easily segregate during preser-
vation. Therefore, it is believed that the
reason why increasing fine powder has an
effect is because the mixture becomes more
viscous due to the proportion of fine powder
increasing, and this prevents the coarse gains
from settling down.

On the other hand, castables for the slag
line mainly contain SiC coarse grains. The
SiC grains have a lighter specific gravity
than ALQO; grains and the coarse grains don't
settle down. This is the reason why the in-
crease of fine powder in the materials for the
slag line had only small influence on the
flowability change. In the case of castable for
the slag line, increase of coarse grains and
decrease of middle grains made the
flowability change with time smaller (Fig.2).
The reason is not known clearly, however it
may be attributed to the higher water ab-
sorption of SiC grains compared to Al O;
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Table 2
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Influence of change in mixture condition on dispersant

Inorganic phosphate
dispersant
(Conventional)

Organic high
molecular dispersant

Organic low
molecular dispersant

Materials for
slag line

Number of days to
vibration flow value

15

21 30<

becoming less than
160mm

Materials for
metal line

15

19 30<
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grains. That is to say, it is possible that
water in the mixture penetrates into the SiC
grains gradually during storage, decreasing
flowability. It is though that the rate of
water absorption changes depending on
particle size.

The flowability change with time could be
controlled by modification of particle size
the shelf life was
about a half month, not satisfying the target

distribution, however,

of one month.
4. 2 Influence of dispersant

The new mixerless materials contain a
dispersant, just as conventional castables do,
to reduce the additive amount of water. Table
2 shows the flowability change of the same
mixtures which use inorganic dispersant or
organic dispersants. We used phosphate as
an 1norganic dispersant and two kinds of
organic dispersants with different molecules.
The flowability change of the mixture with
organic dispersant was smaller than the
phosphate dispersant. Especially, the mix-
ture with high molecular organic dispersant
retain good flowability even after one month.

It is thought that the difference in the
flowability change with time is caused by the
difference 1in dispersion effect stability.
Inorganic phosphate dispersant has high
dispersing effect initially, however, the phos-
phate is easily hydrolyzed in water and loses
its ability to disperse, and the flowability of
the mixture decreases. On the other hand,
organic dispersant is stable in water and can
retain the dispersed state for a long time.

Based on these results, we decided to use
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Fig. 3 Relationship between hardening time and accelerators.
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high molecular organic dispersant for new
mixerless materials to retain good
flowability for long time.

5. Shortening of Hardening Time

Conventional castable materials contain a
hardening agent like cement, which some-
times causes material hardening troubles.
Especially when the conventional castable
materials are installed with a pump, it is
necessary to retain enough working time,
there fore, there is a limit to shortening
hardening time.

In the case of installation with new self-
hardening mixerless materials, as the hard-
ening agent 1s added after pumping,
hardening trouble during installation never
occurs. New self-hardening mixerless materi-
als make it possible to shorten hardening
time while maintaining safe and reliable
installation.

To shorten the hardening time, we added
an accelerator to the mixerless materials
beforehand. If the accelerator is added to
cement slurry, its working time becomes
short, and this often causes installation
trouble. But when the accelerator is added to
mixerless materials without cement, the
mixture never hardens until cement slurry is
added. For this reason, there is no problem in
shortening hardening time.

We measured the hardening time at 20°C
by adding cement slurry to each mixture
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Table 3 Material properties and results of corrosion test

Materials for slag line Materials for metal line
Mixerless Conventional Mixerless Conventional

Al,O; 20 20 65 65
Chemical SiC 72 72 15 15
composition SO, 2 2 2 2
postti ¢ 4 4 3 3
MgO - - 13 13

Linear change (%) 1000°C-3h -0.03 -0.06 -0.01 -0.02

/| 1500°C-3h +0.45 +0.35 +0.05 +0.04
Modulus of 1000°C-3h 10.8 1.1 4.7 5.1
rapture (MPa) 1500°C-3h 14.5 16.0 5.5 6.4
Crushing 1000°C-3h 42 44 25 31
strength (MPa) 1500°C-3h 55 66 24 32
Apparent 1000°C-3h 15.b 15.7 15.8 15.6
porosity (%) 1500°C-3h 16.3 16.2 16.2 16.0
Corrosion index (—) 103 100 102 100
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which has a different amount and kind of
accelerator. The amount of water added was
adjusted so that the V5 flow value was about
200mm.

Fig.3 shows the measurement results of
the hardening time of the mixture with
lithium salt and calcium hydroxide. The
more accelerator added to the mixture, the
shorter hardening time becomes. However,
when adding lithium salt of over 0.002% or
calcium hydroxide of 0.0296, the necessary
amount of water increased and the change in
flowability with time becomes large. These
results show that the upper limit of lithium
salt added to the mixture was 0.002% and
0.02% for calcium hydroxide. The hardening
time of the mixture without accelerator was
12 hours. The hardening time of the mixture
with lithium salt of 0.002% was shortened to
8 hours, It was also shortened to 5 hours
with calcium hydroxide of 0.02%. When
0.002% lithium salt and 0.015% calcium
hydroxide were added, the hardening time
was dramatically shortened to 2 hours.

It is commonly believed that lithium salt
accelerates the hardening reaction of cement
because the nucleation rate of cement hy-
drate is increased by the existence of lithium
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Fig. 4 Comparison of working time between
conventional and new mixerless casting
methods for the blast furnace trough.
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ion”. On the other hand, calcium hydroxide
accelerates the hardening reaction because
the pH of the mixture is shifted to alkali by
calcium ions. The hardening time of the
mixture containing these two accelerators
was shortened by two different hardening
acceleration actions.

6. Properties

Typical properties of new self-hardening
mixerless materials are shown in Table 3 in
comparison with conventional installation
castable materials for the blast furnace
trough of the same chemical composition.
These have almost the same properties and
corrosion resistance. So, the service life of
the new self-hardening mixerless materials
can be equal to that of conventional castable.

7. Result of Commercial Application

A comparison of installation time from
equipment preparation to material harden-
ing for the new self-hardening mixerless
materials and the conventional -castable
materials for the blast furnace trough re-
pairs is shown in Fig.4. The conventional
castable materials are mixed by mixer near
the installation site. The installation amount
was 30t for each case, and both materials
were installed by using a force feed system.
The new self-hardening mixerless materials
could shorten installation time by almost 1/3
that of conventional castable installation due
to no-mixing process and shortened harden-
ing time.

8. Conclusion

We developed new self-hardening mixerless
materials for troughs which didn't need to be
mixed at the time of installation and didn't
need heat curing any more and made it possi-
ble to shorten setting time easily.

The new mixerless materials can retain
good flowability even after one month by
adjustment of particle distribution and
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rials can shorten installation time by almost
1/3 that of conventional castable installation
due to no-mixing process and shortened
hardening time.
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