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ABSTRACT

One of the main difficulties in the operation afiigh and
runners at Arcelor Mittal Tubardo (AMT) Blast-furreano.02,
which is limited by two tap holes, is the reducedoant of
time available for repair procedures. The consecgiés that
the castable installation in main troughs must roftee
performed during hot conditions. The most critiisalue which
must be addressed is that the installed castahi&d aasily
detach from the base material during the early estaf
operation. This could result in exposing the prasly
oxidized base material to molten iron and corrosieg attack.
When events like this happen, emergency repairst rhas
executed, resulting in increased refractory unibscmmption
and an unplanned shutdown of unit operation. Highl
oxidation resistant materials were demanded inradaavoid a
decline in the efficiency of the furnace operatam increase
refractory unit consumption. This would achieveediable
campaign without any risks, and also reduce the baunof
hours spent in trough repairs. Considering thegetsr Nippon
Crucible Co. and Saint-Gobain HPR Brazil have developed
high-performance AD;-SiC-C composition based on an
entirely novel anti-oxidation technology. Oxidizimgactions
could be attenuated by adding an oxidant inhilditothe water
reducing dense material. As a result, the wateuired for
castable installation was significantly reducedaitidition to
reducing its open porosity values. The new matevad tested
on one of the main troughs at AMT BF no.02, resgltim an
improvement of campaign life in terms of pig irdwdughput
when compared with the regular castable. An armlgsithis
life improvement showed successful results for thaterial
after 250 days of campaign. We determined that rtizén
reason for such successful results was that theridegtion
caused by the oxidation was significantly less dmat this
change made on the high cohesive structure ofdbe material
was maintained for a long time. The attained resaltowed
Arcelor Mittal Tubardo to achieve longer trough gaigns,
and avoid any unplanned stoppages with zero breakdisks.

INTRODUCTION

The steel production in Arcelor Mittal Tubardo (AMT
plant in Serra, Brazil, is based on the operationttote
blast-furnaces. Among the three of them, BF n.Othésonly
one which is limited by two tap holes and, therefaequires
strict attention during repairs procedures in thstiog house.
When there is refractory maintenance in one of than
troughs, the blast-furnace production is carrietliowa system
of consecutive castings, using only one tap halethis case,
the furnace drain out is not balanced and the noig constant
flow leads to a concentrated wear in the hearthy ewse to
the side of the operating tap hole. For this reatiom troughs
must be available for operation as quick as possibhd
therefore the time spent for repairs is alwaystkohi

As there is very little time for cooling down, the
demolition step takes place at hot conditions, eimp the
residual refractory lining to intense oxidation. ¥hSiC and

carbon are oxidized, the castable structure is comjged due
to the higher porosity and its corrosion resistanse
significantly reduced [1,2], as illustrated by HRigMoreover,
due to some issues in the back lining profile, atimh was also
intense in the cold face of the working lining, alihnimakes this
mechanism as the most aggressive for theOASIC-C

castables in AMT BF#02 main troughs.
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Fig.1. Oxidation mechanism of AI203-SiC-C castablés.
regular structure; B: oxidized structure; C: infittom of molten
iron.

In order to avoid an undesired increase in the watm
during the trough campaign by the contact betweetiem pig
iron and the oxidized castable, the working liniisgmostly
replaced during the trough repairs. Neverthelebs, ligh
temperature faced in those occasions also leada fmor
adhesion between the new material and the resaheabnd, as
a consequence, the just installed castable coudillyedetach
from the base material during the early stage @frajon [3].
As described in Fig.2, when that happened, the izedd
residual material was exposed to molten iron amtbsive slag
attack, increasing the wear rate and demandingnatanned
stoppage for refractory repair. That chaotic sdenavas
interfering in the blast-furnace operation at AMiEffity, as the
through availability was much different from theepious
planned. Fig.3 shows the comparison between thanpth
trough campaign and the actual one.

The direct solution for that main hurdle to thenface
operation could be the development of a new tecugyobf

Al,O3-SiC-C castables focused on extremely high oxidation

resistance materials. The oxidation mechanism tgiase
when oxidizing sources, such as, @O or HO, for instance,
interacts with C, SiC or other non-oxide compoundainig at

high temperatures. The most effective way to preesidation

is, therefore, to create barriers in order to avihid direct
contact of the refractory with those gases. Thaussally
attained by using additives which generate glasmse at high
temperatures and create a chemical protection @nsitke
refractory structure. The main drawback relatethts practice
is the reduced corrosion resistance due to theepeesof such
low-melting point phases. Aware that this practieeuld not
work well at AMT BF#02, Saint-Gobain and Nippon Chlei
came up with a different alternative: decreasing ribfractory
contact with gases by controlling the grains sizgrithution

and by forming dense structure with another defitat,

consequently reducing the castable porosity.
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Fig.2. Wear mechanism during trough operation: wmasatable is detached during operation and the vatarincreases as the

molten iron reaches the oxidized layer.
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Fig.3. Comparison between planned trough campaigth an

actual one. GR: General repair; PR: Partial repair.

The present work addresses the results of such aode
innovative technology which not only showed veriemesting
lab results, but also led to a significant trouifh improvement,
helping to keep a stable and safe blast-furnaceatipe.

EXPERIMENTAL PROCEDURES

Without any change on the overall chemical compmsit
as observed in Tab.1, the novel technology desigmé@dprove
the castable oxidation resistance was based ore thman
modifications on the original composition: an optiation on
the grain size distribution, the use of a speoidilaculant, and
the combination with oxidant inhibitor. The new diped
castable (hereafter denoted as “S25 NG” — NG stordsew
generation”), designed according to such innovativacepts,
was comparatively evaluated with the previous tdstased at
ATM BF#03 main troughs (hereafter denoted as “S25 S
stands for “standard”).

Tab.1. Main differences between S25-S and S25-NG.

For samples preparation, the castables were mixe8 f
min following a two-step water-addition procedursed by
Pileggi et al [4,5]. After mixing, the samples weraered at
room temperature (~25°C) for 24 h and dried for tioldal 24h
at 110 °C.

The following physical properties were evaluatetkeraf
drying at 110°C and after firing at 1000°C/5h an8Q4€/5h in
reducing atmosphere:

- Cold crushing strength (CCS): measured accordinySteM

C133-94 standard, using cubic samples of 40mm x 4Grd®
mm;

- Modulus of rupture: carried out under three-pdiending
tests (ASTMC 583) using prismatic samples (160 0 xnm
X 40 mm);

- Open porosity and apparent density: evaluatediding the
Archimedes technique in kerosene, following the ABT380
standard;

Corrosion tests were conducted in a high frequency

furnace, using samples calcined at 400°C for 5h. thes
corrosive agent, a mix of blast-furnace slag arglipn was
used (80% slag + 20% pig iron for slag attack tesab.2
presents the chemical composition of the blasteoenslag
used in the tests. The testing took place for foaurs around
1550°C and the slag + pig iron mix was changed eeagh
hour;

Tab.2. Chemical composition of the blast-furnaea sised in
the corrosion tests (wt-%)

S25-S S25-NG

Al,03 (Wt%) 68 68
SiC + C (wt%) 28 28
SiO, (wt%o) 15 15
Additives Regular Special deffloculant

deffloculant + oxidant inhibitor
Water (wt%) 5.2 4.4
Flow values (mm) 160 158

SiO, CaO ALO; FeO; MgO MnO Basicity B2
34,0 455 10,4 0,4 5,5 0,7 1,3
At last, oxidation resistance tests were carried ou

according to the following procedure: cubic samplieS0mm x
50mm x 50mm were prepared and pre-fired for 5hO&101C,
in reducing atmosphere. The samples were thengliasie a
pre-fired furnace at 1000°C, under oxidizing atniwse, so
they could go through an aggressive oxidation mec&hey
were withdrawn after 6h or 11h and, after cooliroyvd, they
were cut and the cross-sections were used for miegsthe
oxidized layer.

“S25-NG” castable was also installed at AMT BF#02

main trough in order to run a pilot trial and comnfithe results
attained at lab scale. After 250 days of operagopgst-mortem
sample was brought back to laboratory and chenginalysis
through X rays fluorescence was performed at differegions
in order to analyze the carbon and SiC content énctistable
structure after use. The results were comparedhéo anes
attained with “S25-S” post-mortem sample after afirg a
similar campaign (roughly 250 days too).



RESULTS AND DISCUSSIONS
Tab.3 presents the physical properties of S25 SSatHd

Tab.4. Oxidation index of S25 S and S25 NG aftdadiaing
test at 1000°C for 6h and 11h.

NG after drying at 110°C/24h and thermal treatment a

1000°C/5h and 1450°C/5h.

Tab.3. Physical properties of S25 S and S25 NG dfeat
treatment at different temperatures.

S25-S S25-NG
Oxidized 6 h 100% 46%
Layer
(relative index) 11h 100% 39%

S25-S S25-NG

Apparent 110°C 2.95 2.96
density 1000°C 2.93 2.92
(g/cnt) 1450°C 2.92 2.93
Open 110°C 14.3 12.2
porosity 1000°C 20.3 17.9
(%) 1450°C 18.6 17.6
CCs 110°C 21.3 20.5
(MPa) 1000°C 41.6 384

1450°C 72.3 28.5
MoR 110°C 7.6 7.0
(MPa) 1000°C 9.0 7.6

1450°C 14.3 6.0

With a more packed structure and an improved désper
of the matrix components, the new developed castabl
demanded much less water during its process whempa@d
to the standard material, as shown in Tab.1, dmirig to
reduce its open porosity value (Tab.3). The lowalues of
mechanical strength for S25 NG after firing at 1W0and
1400°C are associated with the amount of carbonhi t
composition, which affects the sintering process iahibits the
excessive sintering at high temperature.

As predicted, such reduced porosity of the novel
developed castable was essential to ensure an lentcel
oxidation resistance, even after long exposure ito Fag.4
shows the castables cross-sections after the odditest,
whereas Tab.4 presents the oxidation index of Inodterials
calculated by the cross-section areas measurements.
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Fig.4. Cross-sections of S25 S and S25 NG samples af
oxidizing test at 1000°C for 6h and 11h.

One can easily notice that, owing to the innovative
concepts used for the formulation design, S25 N&zgmted an
outstanding performance when exposed to air atI0Mhich
is the most critical temperature for,®,-SiC-C castables, even
after 11h. Differently from S25 S, which presentex longer
any residual carbon content, S25 NG kept mostsobiiginal
structure. As a low oxidation rate leads to smalliances on
the castable porosity, those results indicate thatmaterial's
corrosion resistance would clearly be increasethduwse.

In order to evaluate the effect of the differentdation
rate on the corrosion resistance, a pig iron attest was
performed with both castables (Fig.5). As expected to the
combination of better particles packing, reducedogity and,
consequently, low oxidation rate, the new casté®?® NG
presented an improved performance with a corro&alex
14% lower than the original one.
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Fig.5. Corrosion index of S25 S and S25 NG after ipg
attack test at 1550°C for 2h

With promising results at lab scale, larger batahfeS25
NG were produced and installed at AMT BF#02 fordfigials.
After 250 days of operation (with roughly 300.0@ tof pig
iron throughput), a post-mortem sample was takem fthe
residual working lining, in a region close to theck lining (to
ensure that the sample was representative to @opaft the
base material that was not changed during anyapagpair).
The sample was then compared to another one fran th
standard material at the same conditions in terfnsooking
life and location in the through.

Fig.6 shows pictures of the post-mortem sampldsott
materials, highlighting the regions where chemiaahlyses
were performed. The results are expressed in Téhis.clear
that the reason for trough campaign instabilitARtT BF#02
was directly related to the poor oxidation resistanf S25 S.
The SiC + C content of the post-mortem sample was
significantly reduced when compared to the refezenalues
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presented in Tab.1, mainly in the regions 1 andl@sé to the
cold face) where oxidation is constant during ttoegeration.
The high oxidation rate is also evidenced by thghh8iQ

content in S25 S post-mortem sample, which restfted SiC

oxidation according to the following reaction [6]:

SiC+Q > Si0,+C

Conversely, S25 NG sample presented a much nicer

structure after use, with very slight signs of @tidn. One can
notice that in region 3, at the hot face, the SiC €ontent
barely changed, pointing out that the novel teobgwlhad
positive outcomes at field trials as well. Additidly, S25 S
sample presented some visible cracks at the het fakich is
most likely related to its inefficient adhesion tbe base
material during the repair step. At S25 NG sampétupe, no
signs of bad adhesion could be observed, which lad§ued to
improve the material working life.

Fig.6. Post-mortem samples of S25 S and S25 NG 2a§6
days of operation.

Tab.5. Chemical analyses of different regions ie th
post-mortem samples of S25 and S25 NG (resultexgmeessed
in wt-%).

Material Region AlO; SIC+C SiQ
1 62.2 11,7 22.4
S25S 2 65.4 11,9 17.6
3 59.6 13,7 16.2

1 68.3 19.4 9.6

S25 NG 2 68.3 22 7.0
3 64.7 27.0 4.9

possible to observe that not only was the instgbproblem
overcome, but also the intervals from repair toanepvas
extended. This result was of utmost importance tdTA
production plan, as it resulted in a higher trowyailability
rate and consequently reduced the risks to thet-hlesace
operation.
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Fig.7. Comparison between planned trough campaigsh an
actual ones with S25 S or S25 NG. GR: General repa:
Partial repair.

CONCLUSIONS

A high-performance ADs-SiC-C composition based on
an entirely novel anti-oxidation technology was eleped by
Saint-Gobain and Nippon Crucible in order to solve trough
instability issue at AMT BF#02. Due to the combines of a
special deffloculant and the optimization of thertioée
distribution, the water required for mixing was wedd and the
material's porosity was decreased. In addition thavel
castable could achieve an outstanding oxidatioisteese by
adding the oxidant inhibitor to the dense structudgich led to
an extended campaign life during field trials. WB25 NG
entirely implemented, BF#02 was able to operate vetluced
risks and a very stable production plan, whichaiyegmpacted
on the productivity level and on the furnace linprgservation.
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