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Abstract

For safety and health reasons, resin-bonded taphole mix has generally been used in the blast

furnaces of Australia. Shinagawa Refractories Australasia has fulfilled our responsibilities of

supplying the taphole mix products over a period of time. We worked on overall improvement

including both formulation and manufacturing technology for the purpose of even better

performance, and developed a new taphole mix which could maintain a long taphole length and cast

duration even at high levels of productivity. The taphole mix developed is being used in BlueScope

steel works and contributing to stable operation of blast furnace.
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1. Introduction

Resin bonded taphole mix is commonly used for
the blast furnaces in Australia mainly in view of
health and safety, and Shinagawa Refractories
Australasia (hereafter SRA) has fulfilled our re-
sponsibility for supplying it over the years.
Recently the productivity of our main customer's
blast furnaces has been becoming higher and higher
in response to the worldwide increasing steel
demand. A new taphole mix which would perform
well under these severe conditions has been strongly
desired.

The role for taphole clay to play includes many
things. However, it is especially important to keep
sufficient taphole length and cast duration. Taphole
length is thought to be determined by the balance
between a deposition of taphole mix on the inside
furnace wall and damage of taphole clay deposits by
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Table 1 Typical properties of taphole mixes

Ordinary Developed
Taphole Clay AT-70A4 HSB
Chemical Analysis [%]
AlOs 40 35
SiO, 15 26
SiC+C 42 31
Physical Properties (fired 1400°C)
Modulus of Rupture [MPa] 59 10.0
Cold Compressive Strength [MPa) 26 42
Apparent Porosity [%] 22.4 21.8
Bulk Density [ -] 2.36 2.35
Hot Modulus of Rupture [MPa]
at 500°C 6.6 8.0
at 1000°C 1.5 12.2
at 1200°C 10.8 14.9
at 1400C 7.6 7.6
Corrosion Testing [mm of wear]
Above Slag/Metal Interface 1.8 1.0
Below Slag/Metal Interface 2.0 0.7
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the influence of molten iron and slag, impact of
drilling and so on. As cast duration is thought to be
greatly affected by taphole diameter expansion due
to molten iron flow, it is important for long cast
durations to keep taphole diameter expansion small.
Therefore, when productivity is high, the taphole
mix must have a high corrosion resistance to molten
iron and slag and a high abrasion resistance to
ensure sufficient taphole length and cast duration.
It is also believed that the taphole mix which posi-
tively goes straight ahead during gun-up instead of
extending transversely inside the furnace is effec-
tive for stimulating the formation of taphole mix
deposits and retaining good taphole length.

Based on this philosophy, we aimed to realize a
new taphole mix having high corrosion resistance,
high abrasion resistance and an impressive ability
to go straight ahead. At the same time, we worked
on the improvement of the manufacturing process
for more stable quality. The following is an outline.

2. Improvement in Material Characteristics

2. 1 Improvement in abrasion and corrosion
resistance

The newly developed taphole mix went through
many changes in its raw materials formulation for
the targeted properties. One of the most important
changes was reformation of raw material grain size
distribution. Grain size distribution is a very impor-
tant factor affecting almost all characteristics of
taphole mix. However, we performed an optimiza-
tion of grain size distribution mainly for a dense
texture offering good strength and high corrosion
resistance properties and for a high ability to go
straight into the furnace when injected. The im-
provement in the size distribution of ultra fine
particles was especially effective in improving the
ability to go straight, which will be more fully
discussed hereinafter.

Improvements in chemical composition were also
made. In the same way as the ordinary taphole mix,
the new mix was composed mainly of oxide materi-
als like Al:O; and SiO, and non-oxide materials like
SiC and C. However, the component ratio was
modified so that the clay could have higher abrasion
and corrosion resistance. In general, taphole mix is
thought to be damaged by the influences of both
molten iron and slag in use. However, because the
majority of taphole mix deposited on the inside
furnace wall is situated below the boundary between
molten iron and slag, the deposit of taphole mix is
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Fig. 1 Outline of the method for evaluating the going
straight ability.
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thought to be damaged mainly by molten iron.
Therefore, the new taphole mix was improved
especially in the resistance against molten iron in
order to reduce the damage to taphole clay mix
deposits and maintain sufficient taphole length.
Table 1 shows the results of the corrosion test on
the new and ordinary taphole mixes. The test was
carried out in a way that some amount of iron and
slag was melted in a crucible made of taphole mix,
and the corrosion depth above slag/metal interface
was regarded as damage by slag while the corrosion
depth below slag/metal interface was regarded as
damage by metal. The slag corrosion resistance was
improved while the corrosion resistance to metal
was much more greatly improved in the new taphole
mix.

2. 2 Improvement of the going straight ability

The taphole mix injected into furnace needs to
deposit firmly and efficiently on the inner wall of
the furnace to maintain good taphole length and the
improvement in going straight ability is thought to
be useful for an efficient deposition of taphole mix.
After various studies to realize this property, we
found that optimizing ultra fine particle size distri-
bution provided a taphole mix with good shape
retention ability. Better shape retention ability
contributed to higher going straight ability. Fig. 1
shows an outline of the method for evaluating the
going straight ability. The test material is placed
into a pipe having three holes at one end: one going
straight and two perpendicular. The material is
then pushed out. The weight of material extruded
from the direct hole (W1) and side holes (W2) is
determined and the going straight ability index (S)
is defined by the following formula:

S = W1/W2.

As shown in Fig.2, the index (S) of newly devel-
oped taphole mix is higher than ordinary product
by about 30%. This taphole mix is expected to reach
deep into the furnace and form its deposit effec-
tively.

2. 3 Optimization of thermosetting property

The thermosetting property of taphole mix prod-
uct is designed such that the clay becomes hardened
at desirable speed by surrounding heat after injec-
tion. When taphole mixes contain resin binder, the
thermosetting property of the binder sometimes
causes problems of getting hard gradually before
use, by influence of slight rise in temperature
attributed to mixing at manufacturing, storage in
summer, waiting in mudgun and so on. It is
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Fig. 2 Comparison of going straight ability between
ordinary AT-70A4 and developed HSB.
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thought that this problem can be solved by restrain-
ing the thermosetting property. On the other hand,
when the curing time of taphole mix is too long, the
taphole mix once injected sometimes fails in closing
the taphole. In consideration of this situation and
based on verification results in actual use, the
curing time of the new taphole mix was increased
within limits which did not affect the closing func-
tion. The curing time of the new taphole mix is 50%
longer than that of ordinary product, which enabled
a stable injection and closing ability.

3. Manufacturing Process Improvement

3. 1 Mixing method improvement

Until November, 2003 SRA taphole clay products
were manufactured in a high-speed, high intensity
mixer. This mixer had the advantage of fast produc-
tion rate but it suffered from two major setbacks:

It was not possible to achieve an intimate degree
of mixing because of lack of kneading action,
especially in the case of formulation which includes
much fine powder. The inability to achieve intimate
mixing placed a direct limitation on the range of
products routinely producable in the high speed
mixer.

The rate of temperature increase caused by fric-
tion was rapid. The inability to adequately control
temperature variation during mixing, especially on
hot days, often resulted in a very high level of
product rejection. Furthermore, sometimes the
product that was initially approved and supplied
would have to be recalled due to changes in product
quality. This manufacturing process was inherently
unstable.

The change to a new type mixer having a superior
kneading ability immediately allowed us to
effectively produce products of the “ high
viscosity”, low resin demand type. This enabled us
to provide customers with products of greatly
improved properties, especially low apparent poros-
ity. The new mixer also made it easier to control the
mixing temperature because it has a higher open
surface area through which more heat can escape
and the mixing occurs more slowly (less than half
the speed of the high-speed mixer) .

3. 2 Cooling process

Despite the outstanding progress in taphole clay
manufacturing made possible by the introduction of
the new mixer, some quality issues remained. For
example, there remained some instability in long-
term extrusion pressure as a result of “stored heat”
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Table 2 Quality (extrusion pressure) before and after
process improvement

Manufacturing Month Sepztgon;ber Sepztgggber
Extrusion Pressure Average 1.36 1.20
(MPa] Standard Deviation |  0.17 0.13

3.2 AHUIROBA

I+ —DBAICK-T, = FHMELE T D &2
BRRBCWE S NIZD, B WL S0 HE 7S
Eancuwic, PlAIE, REMEOREL 2 2HHED
EIAW s 28 2 onc 3l c & cuwiah - 7o, JHIRI,
B, WL OPEEF - IREECRI G SIRE s h
e, WaNORESERFEWE ikt d 5 2 &1
b ot TOREE, WHEFNCHE GaEElGED %55
TH LIk THHS NIz, BEITIEDZEAL, HFE
PENDOEBRILPENTH D82S, HBBEE oML
WRELFHG L
3.3 HEIOEIRORENR

FEdodEEIcmA, FEOMERBE DM F, N1 vy —
NINEERLEOSER EZE ML 1o, Thoo TIREM
FodENRE, ERROBSME T 5 s
Lo THELE A I &N TE S, Table 213, AMIBAFL
te< v FH O, 20054 9 A3 L 020064 9 A Hifiisr O
HES O &R RZE AR T, 28R T 5709,
CO—FEOMICHHETI ORI EZLTE L TV A, |6
IZ8 & T44% DIEEERE, T b b 5D & DMK
SNTVE T ENNH 5,

BE, M7 O EEEFEZE A0, 1MPabll F % Bl &
SHA2EE T ot 20REERNLTEY, HELUE
DOEAERITE > T, 20074 IF S SITE/KEOHLT,
SEEHATER T B SHEEL TV B,

4. BARMOEFERRR

FiloBREEAR TS NI o~ Yy F# [HSB]
i, 20044118, 7NV—2 3 —FOHE5 SFIcBVLTT
2 MEH SNz, SR %ETable 3 1Trd, H#EHRR 2 H
BOREORES, =y FHMHEEDODRSBEICEVT,
MEFOEEE < o N TH - 2 AT-T0A4% F[5] 25 Bif#s
SR TD - 7chd, BAFLMEICRTED & - 7oo —ARD K
VLD A THFLTE 72 HRIZS0%ICHE > THY, 20%
DOBLTEMF Y v d L BeHBadiH s, o D30
W I EEAILTTDb Nz, HSBAHE T X5 2 &3S
MHTHY, FIREIER DA R ifHT 5 X 5 1,
DF D IR NS E N L 7,

HSBodiERTdH 5 [HSB-1] &, 200545 H,
TIN—R23=FOFE; EIF IV TEFRAHE SN,

Shinagawa Technical Report

causing the temperature to rise after the product
was packaged. This instability has been eliminated
by cooling the product (using forced cooling) before
final packaging of the finished product. The intro-
duction of this final cooling step has had a minimal
effect on productivity while ensuring low rejection
rates.
3. 3 Effect of process improvement

Other quality improvements include improved
raw material weight accuracy on the dry batches,
improved accuracy of the resin addition and so on.
The effect of the improvements in process control
may be measured by comparing the quality of

“HSB-1” taphole clay before and after process
improvement. Table 2 shows the quality (extrusion
pressure) of “HSB-1" taphole clay delivered to the
customer in September 2005 and September 2006.
This represents a reduction in variance of approxi-
mately 44% over the course of one year. At the
same time, the extrusion pressure range has been
relocated to provide optimal installation perform-
ance. We now continue to make further improve-
ments in the manufacturing process to realize a
standard deviation of less than 0.1MPa. We are
confident that by a process of step-by-step improve-
ment, this superior level of finished product quality,
with zero rejection, will be achieved in 2007.

4. Practical Performance

Following the R&D work, a new taphole mix
named “HSB” was tested at the BlueScope No.5 BF
in November 2004. The test results are shown in
Table 3. While these results were excellent in terms
of cast duration, taphole length and taphole clay
consumption, there was one significant drawback.
This was the difficulty in opening the taphole, as
reflected in the fact that just 50% of the casts were
opened using only one drill. A further 20% of the
casts needed additional drilling attempts and/or
punch bars in order to get the taphole fully open,
while 30% of the casts had to be opened using
oxygen. It was evident that HSB taphole clay was
too hard. Therefore, we modified the mix formula-
tion slightly, in order to reduce the amount of
strength developed across the entire temperature
range.

The modified version, “HSB-1", was first trialed
at No.5 BF in May, 2005. As Table 3 shows, the
modified mix was successful in improving the ease
in opening of the taphole. These results gave
BlueScope confidence to test the HSB-1 taphole clay
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Table 3 Practical performance of HSB and HSB-1

Taphole Mix HSB-1 HSB
Year/Month 06/11 06/08 06/06 | 04/11
BF 6 6 5 5
Number of casts 24 66 25 16
Furnace productivity [t/day/m?]| 2.55 2.39 - -
Extrusion pressure [MPa] 1.08 1.1 1.40 1.27
Clay volume [I] 204 167 168 120
Taphole length [m] 3.4 3.6 3.2 3.2
Open on one drill only [%] 96 83 80 50
Time to open overall [min] 8.7 17.3
Time to open on 1 drill only 8.7 10.4 - -
Iron run rate [t/min] 5.95 5.20 4.61 5.2
Cast duration [min] 176 180 163 172
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on No.6 BF under high productivity conditions. The
trials of HSB-1 at No.6 BF were conducted step-by-
step from November, 2005 and a final full accredita-
tion trial of 80 tons consecutively on one taphole
was conducted from the beginning of August until
the beginning of October, 2006. The performance
results are also shown in Table 3. This table shows
that the HSB-1 taphole clay is more than capable of
performing very well under high productivity
conditions at BlueScope No.6 BF. Taphole length
and cast duration remained at satisfactory levels,
and specific consumption of taphole clay remained
below benchmark levels despite furnace productivity
regularly exceeding 2.55 t/m’/day.

It is considered that at high productivity levels,
the time to drill open a taphole should not exceed 15
minutes in order to keep the level of molten iron and
slag in furnace as low as practical. Drill times for
HSB-1 remained within acceptable limits, with
average total times to open of 10 to 12 minutes.
These results proved HSB-1 could exceed the origi-
nal target of developing a new taphole mix which
could maintain a long taphole length and cast
duration even at high levels of productivity.

However, it is also true that a few drill openings
took over 15 minutes. HSB-1 contains more solid
particles and less open pores per unit surface area
and per unit cross-sectional area than conventional
clays. This close-packed texture is what gives the
product its superior wear resistance. Inevitably,
this high wear resistance manifests itself as resis-
tance to drilling and means that more energy must
be expended in opening a given taphole. For a fixed
level of power transmitted to the drill shaft, this
must mean that the taphole will take longer to
open. Fortunately, the opening performance of
HSB-1 with the benefit of a newly exchanged drill
motor has so far been outstanding in most recent
use. All casts have been opened in a time less than
the “acceptable” maximum of 15 minutes.

BlueScope intends to review the overall perform-
ance of HSB-1 taphole clay on a cost-benefit basis,
relative to competitor clays. We will continue to
work closely with BlueScope to achieve the best
possible performance from our taphole clay at
lowest total cost under the very high productivity
conditions for which the product was designed. In
this manner, our market share can increase on a
sustainable basis.



