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ABSTRACT

Alumina-Spinel fired refractory brick for steel ladmetal
zone lining is one of the recent innovations over last
decade. The purpose of such innovation was priynéwil
cater the growing need of advanced metallurgy foalow
carbon and automobile grade of steels to reducé&ddar
pick-up from refractory body to liquid steel. Evers
alternative to other C-free refractories, the nesdyeloped
alumina-spinel fired brick is another superior getien
fired refractory for achieving high performance highly
corrosive metallurgical environment (such as C/A.3;
CaF, up to 5%, MnG=2%). Such Alumina Spinel brick is
manufactured by using proper granulometry of hightp
synthetic alumina aggregate (Tabular alumina ortevhi
fused alumina or mixed), non-stoichiometric Magsfiinel

in finer fractions and calcined alumina in matrikhe
present work describes the effect of alumina aggeegn
product properties such as density, porosity, &age,
cold and hot strengths as well as on the applicatio
properties such as abrasion, slag corrosion, tHespadling
which are of prime focus of end users for evalgatin
refractories for predicting higher performances. MSE
studies and pore size distributions are analyzed to
understand the roles of aggregate materials oreptiep. It

is seen in industrial applications that refractbmng life
has increased with Alumina-Spinel lining compared t
previously used MgO-C lining due to better resistanto
abrasion and corrosion. Although the cost of reémic
lining has increased compared to traditional MgO-C
linings, however the overall cost of refractory pen of
liquid steel for the steel plant has reduced duéigher
lining life in metal zone. The present paper démzithe
usefulness of this newly developed fired aluminaalp
refractory in terms of refractory manufacturinge(i.
formulations and property evaluations) as welltaslsshop
application (i.e. application and performance).

INTRODUCTION

Steel ladle refractories evolved many stages ohgés
over last several decades. Till mid of 1990s, firegh
alumina refractories with significant amount oficstes
(e.g. andalusite or bauxite) were used in the neiaé of
steel ladle lining. They could not perform well ¢dontact
with corrosive calcium aluminate slag because afhhi
wear. The next developments were the era of gmaphit
containing refractories (e.g. magnesia-graphitalomina-
magnesia-graphite) where non-wettability of graghitas
the primary aspect to incorporate in refractoriéswever,
high quality steel demand called for reduction or
elimination of graphite present there. This demavab
strengthened by the development of increasing
requirements of special grade steels (e.g. ultratavbon
steel, alloy steels, interstitial-free steel etm) A&utomobile
and other industries where low concentration tar@étS,

P, O, N, H, C etc in steel [1] are essential. Terct these
demands, some process changes were also madeein ste
metallurgy. The first change was in steel metalkal
process with addition of various secondary treatmg3]
like vacuum degassing (e.g. RHD). This change hss a

resulted very severe process parameters for refiast
such as increased residence time, higher tapping
temperature, very corrosive slag etc. In the 128908,
further development was established in secondary
steelmaking area for advanced clean steel produatithe
form of alumina-spinel monolithics lining [4]. Theimary
need behind such innovation was to cater the grpwaed

of advanced metallurgy for ultralow carbon and engbile
grade of steels to reduce C-pickup from refractorlquid
steel. The monolithics concept was well supportgd b
endless lining idea. However, in absence of madmalit
ladle lining concept and limited ULC or IF gradeeedt
production, alumina-spinel fired brick is an alitine
superior refractory for achieving high performarjoeans
higher productivity in steel making shop supporteg
performance  predictability) in  highly  corrosive
metallurgical environment. Alumina-rich Mag-Al spginis
used to impart significant advantages of slag patieh
and corrosion resistance as well as spalling srsist
Alumina-rich  non-stoichiometric Mag-Al pre-reacted
spinel has the capability to absorb FeO or MnO from
corrosive calcium aluminate slag within the freearcies

in its crystal structure. Thus slag becomes moseotis
and this retards slag infiltration in refractories.
Additionally, excess CaO available in slag reactishw
Al,Oz in refractories to make thin layer of @An the
interface of slag and refractories. This works estqetive
layer over refractories and helps in slag penetnati
resistance. It is also well established that puotysuch
alumina-spinel refractory plays vital role in the
performance [5] and suitable quantity of spinelioye the
wear mechanism by improving corrosion and spalling
resistances [6,7,8]. Certainly to achieve thisppraquality

of spinel addition in terms of size grading is alao
essential aspect [9,10]. The recent developmealtuohina-
spinel fired brick made it suitable to meet theraefory
demands where steel ladle metal zone can withstand
aggressive slag attack and stay thermodynamicablesin
contact with clean steel metallurgy [11]. In addfitito this,
the C-free refractory also helps to overcome endogg
problem and other operational factors arising dudigh
thermal conductivity of graphite bearing refractbnng.

The prime raw materials for fired alumina-spindathkrare
aggregate alumina, mag-al spinel, calcined alunaind
organic temporary binder. Such aggregate aluming an
mag-al spinel materials are manufactured by syiathet
routes but can be either sintered or fused in patlihe
present paper describes comparative evaluation of
refractories made from sintered and fused manufiactu
routes of alumina aggregate. However, the effettpimel
manufacturing (sintered or fused) and other paramadike
selections of granulometry, type of matrix alumina,
refractory production parameters etc are not péarthis
paper. The evaluation of laboratory refractory kiowere
done for different physicochemical properties like,
porosity, density, strengths, expansion/ shrinkagelling,
corrosion, abrasion etc. On the outset, the obedf such
work was to see the effect of sintered Tabular alarand
white fused alumina in the refractory propertiesasoto
predict the performance of such refractories irliagfion.



EXPERIMENTAL

To restrict other oxide impurities at a very lowdg all the
raw materials of this type of alumina-spinel refoaies are
synthetic in nature. The selected raw materiald#ferent
commercially available size fractions of white fdse
alumina (WFA), tabular alumina (TA) and sinteredgrzd
spinel (SS78) and mentioned with the chemical ptase
in Table 1 and physical properties in Table.2. Dald
alumina is the matrix part of such refractory anpuaea-
alumina of mono-modal PSD with specific surfaceaare
(BET) of about 1.0 Aig and d50 of about 3.4 um is
selected. The matrix part is also constitutes ofed@s it is
distributed only in fine fractions so as to impaptimum
corrosion resistance. Commercially available organi
binder is used for the green shaping and providingng
strength.

Tab.1: Typical chemical analysis of selected raviemials

NaO | Fe0; | Si0, | MgO | CaO | Al,O;
% % % | % | % %
TA 0.28 | 0.03| 0.02| <0.01| 0.02 | 99.65
WFA | 031 | 003| 0.3 <0.01| 0.02| 99.60
Ss78 | 0.09| 0.6/ 0.04 2176 0.20 77574
/Elilés 0.11 | 0.02| 0.02| <0.01| 0.02| 99.8

Tab.2: Typical physical properties of selected raaterials

Water Absorption%| Open porosity ¢ BSG g/tc
TA 0.8 15 3.60
WFA 2.2 5.2 3.71
SS7¢ 0.47 1.t 3.2¢

Majority of refractory properties depend on the pedies

of raw materials mentioned on Tab.1 and Tab.2. Hewe
the grain size distribution of materials selected a
formulation also play very significant role to aptze the
final properties of the refractory. In order to dirsuch
optimum grain size distribution, initially, optimupacking
density of mixes made out of combination of comrizisc
available different size fractions of only Tabukumina
was checked. At first 100% Tabular Alumina, prodiuce
from sintered processing route, based formulatiod i&s
grain size distribution was selected (100T78B). rifhe
understand the effect of alumina aggregate frorferdint
manufacturing route, white fused alumina was inticeti

in the formulation in step wise addition of 25% by
replacing Tabular alumina. In this way, formulati®fi78B
was designed with 100% WFA. The Tab.3 indicates the
formulations selected. At this designing stage, dherall
volumetric particle size distribution of the dryuadina mix
was matched in each formulation because TA and WFA
have differences among BSG, distribution in graires
distribution of few size fractions and particle phaThus,

it was found that to control the mix grain sizeuroktric
distribution of the mix at similar trend, amountpafrticular
fraction of WFA vary with the amount of TA in same
fraction in different formulations. As grain tougtes and
reactivity of TA and WFA are different among these
synthetically produced-alumina aggregates and there is
also grain shape difference between TA and WFAs the
particle packing of the mixes with TA and WFA ari b
different as well. The formulation is shown in TeJ3l.

Similar experimentation with sintered spinel andsefl
spinel is also conducted but could not be shared an
discussed here due to space constrain.

Tab.3: Mix formulation of different combinations

100T78B| 75T78B| 50T788B 25T78B O0T78B

TA

1-3mm 35 18

4 . i

WFA

1-3mm - 17 34 38 39

TA

0.5-1mm 14 14 10 - -

WFA
0.5-1mm

TA

0-0.5mm 11 11 14 10 -

WFA
0-0.5mm

TA
0-0.2mm

WFA
100mesh

WFA
325mesh

SS78

0-0.5mm 9 9 9 9 9

SS78

-45um 13 13 13 13 13

Calcined

AlLO; 10 10 10 10 10

RESULTSAND DISCUSSION

Cube of 50x50x50mm size and rectangular bars of
25x25x150mm size were prepared using pressure of
~170MPa. These were first dried at 110°C for 24 hand
then fired at 1680°C with 2 hours soaking time. Sehe
blocks and bars were checked for density, porosity,
compressive and flexural strengths. High tempeeatur
flexural strength (HMOR) was checked both at 1456/@
1500°C with 30 minutes soaking time. Thermal shaels
evaluated by air quenching method for checking liswgal
resistance. The samples were heated up to 120@{E ak
that temperature for 10 minutes, then quenchedotonr
temperature for 10 minutes and again inserted th®
furnace. The residual flexural strength (MOR) ofe th
samples after 5 such thermal spalling cycles wassored.
Firing shrinkage was measured w.r.t green sample
dimension and repeat PLC (PLCR) was measured on re-
fired samples at 1700°C for 2 hours soaking. The
abradability index was checked where 14lbs of BFairg

of 0.7-1.7mm size were injected at 45° inclinececliion

and weight loss was indexed as per Morgan Marshall
method. X-ray diffraction (XRD) and SEM of selected
samples were compared. The results of the conduestsl

are discussed here. However, induction furnace slag
corrosion test is planned and will be shared later.

The very first and foremost characteristic of refosies for
working lining is its porosity. It also indirectlguides the
densification and strength as well as resistamzapalling
and corrosion. Fig.1 shows porosity trend of difer
formulations to indicate the effect of aggregateporosity.
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It is seen from Fig.1 that apparent porosity of biagches
increases as TA was stage wise replaced by WFA. fds
happened in spite of adjustments in overall mix P&iie
of 2 different alumina aggregates. The increasiegd of
porosity continues till 75% addition of WFA. Howeyén
case of 100% WFA, possibly the grain shape diffeeen
also played an effect and improved porosity by inglpn
compaction. Fig.2 indicates the effect of differaviite
aggregates in density and strength developmentitiddd
of WFA into the mixes increased bulk density incdkes.
This is quite obvious as WFA has higher BSG that &
TA. It is interesting to find that the effect of Ténd WFA
on porosity and density do not follow conventioralerse
relationship. As there is significant differencecg TA
and WFA in particle shape (affecting particle paggiand
reactivity (affecting sintering behaviour), so psitp is
lower in 100% TA batch in spite of lower green dndd
density. The higher sinter reactivity in sintereghiegate
TA compared to fused aggregate WFA of higher ires$n
has resulted this difference in porosity. Suchedéhce is
also quite prominent in strength differences andl@8%
TA containing batches showed much higher CCS teah r
batches with higher WFA proportions.
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Fig. 2: Effect of aggregates on density and stfengt

Similar trend of compressive strength was observed
bending strength too and the effect of higher sinte
reactivity of TA over WFA was also seen in casecolfd
MOR. The 100% WFA containing batch showed a
marginal increase of CCS and MOR compared to #hedtr
However, in case of cold MOR after thermal spalling
cycles, that trend didn’t persist (Fig.3). Here;amtinuous

fall in MOR was observed in spalled samples. With
increasing WFA%, the MOR drop% also increased. This
could be explained by the aggregate microstruanedysis

in Fig.4 where it is seen that TA is having webtdbuted
and small closed pores but large open pores aiiglevis
WFA. The presence of these micropores act as crack
inhibitors in TA containing body and imparted bette
thermal shock resistance than WFA containing bobickv
has large open pores and lesser number of cloged.po

o Cold MOR ECold MOR after thermal spalling

Figuress in data label indicate MOR fall%
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Fig. 3: Cold MOR — before and after thermal spagllin
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Fig. 5: Effect of aggregates on hot MOR

Fig.5 explains high temperature strength differsnicethe
batches. 100% TA containing batch showed much highe
hot MOR as compared to other samples mainly due to
inhomogeneity in the distribution of chemical imiies
especially in fines fraction. A marginal increase hot
strength for 100% WFA containing batch is probadhlye

to improved grain interlocking within materials same
nature of grain shape. However, HMOR of 100% WFA
batch is still significantly lower than that of 190TA
containing batch. This grain shape effect was cetapt
nullified during testing HMOR at 1500°C. HMOR at
1500°C had dropped for all the batches compared to
1450°C but still remained higher with 100% TA canitag
batch. The better compactness during sinteringhaglder
chemical purity played advantageous role for higher
amounts of TA containing batches (100T78B and 78)78
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Fig. 6: Effect of aggregates on shrinkages durirngg

Fig.6 explains the shrinkage behavior during ihigad
repeat firing. Significant difference in behaviobserved
among 100% TA vs 75-100% WFA containing batches
whereas 50-75% TA containing batches behave similar
This clearly indicates the reactivity vs inertnessong
these 2 different aggregates in same firing coomkti TA
being more thermal reactive in nature, showed major
shrinkage in T firing (PLC) and left with lower residual
shrinkage for 2 firing (PLCR). However, WFA being
relatively inert in nature, showed lower shrinkaigel™
firing (PLC) but left with further higher shrinkaga 2™
firing (PLCR) compared to TA containing batches.isTh
difference could be very significant for decidingould
dimension as the impact of aggregate switchingdtexvn
substantial effect on final fired brick dimensiammgrol.



The abrasion resistance behaviour is also showmgas
pattern (Fig. 7). Lower the value of abradabilitydex
better is the abrasion resistance. In this resd@% TA
containing sample has the highest resistance tasair.
Incorporation of WFA reduces the resistance to sibra
The brittle fused grains were displaced giving rise
generation of new surface in WFA containing batch
whereas sintered Tabular grains having toughenargle
microstructure exhibit higher abrasion resistanodex.
The particle shape difference also supports thisoooe.
WFA grains has low roundness (means splintery tarej
as derived from aspect ratio analysis and thus camhm
used in abrasive industry where the purpose isutate
other body by dislodging own grains. However, TAthwi
higher aspect ratio (means more cubic in naturéjbéx
better abrasion resistance property.

Abracdabilicy Index

Fig. 7: Effect of aggregate type on abradabilityer

Alumina-spinel fired brick are used in steel ladietal
zone mainly and slag corrosion resistance is net th
primary test which is essential to evaluate prgpeftsuch
brick. However, any change of aggregate can affecslag
penetration behavior and thus induction furnaceg sla
corrosion test is planned and the findings willgresented
later. It is good to remember that TA is produced i

sintered route and possess much lower average pore

diameter (0.7um) compared to WFA produced in fusion
route possessing much higher average pore sizeetbam
(43.9um). Tests conducted as per DIN66133 indicates
(Fig.8) that 100% TA containing body is supposed to
prevent slag penetration significantly than in 1009FA
containing body.
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The best combination of evaluated properties were
achieved for 100% TA containing batch 100T78B and
checked for stereomicroscopy and SEM-EDX. Fig.9
explains well embedded TA grains with equally distted
spinel in matrix. Corundum and Spinel are main phas
(Fig.10) which exhibited high thermo-mechanical
properties and there is no significant minor phastéced.

Fig. 10: XRD of 100T78B
ALUMINA-SPINEL BRICK - INDUSTRIAL USAGE

Newly developed fired Alumina-Spinel refractory used
successfully in LD2 and LD3 shops of Tata Steel
Jamshedpur in India for lining in 165 ton steelldad’he
process routes involve 60-70% LF in Al-killing mi&tagy
with partial RH degasser and Ca-treatment. The itgpp
temperature is in the range of 1640-1650°C withraye
holding time of 90 mints (LD2) and 120 mints (LD3j.
place of earlier MgO-C lining, the newly developesdck
shows potential of 25% higher service life with teg
production share of IF grade steel of severe metpll
The additional benefits achieved are uniformityenosion
pattern, better adherence and consistency to tdifget
better shop environment (reduction in fume genenati
during preheating) and saving of energy (reductiomap
temperature, lesser outer shell temperature, lesE%e-
heating etc).

CONCLUSION

Tabular alumina containing body shows lower poyoaitd
higher compressive and bending strengths due tbehig
sinter reactivity and typical microstructure intepof lower
density to WFA body whose thermal spalling resictais
worse due to absence of microporous with closedsuty:
Abrasion resistance is better with TA body due tairg
toughness and grain shape advantage. Hot stremgth a
volume stability is higher with TA over WFA due to
homogeneity and consistency in impurities and ablet
sinter reactivity of TA. Fired Alumina-Spinel lirgnhelped
to increase shop floor confidence significantly.
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