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INTRODUCTION

of the theoretical density of calcium hexaluminate

Changes in the secondary metallurgy processegtable 1).

performed in the steel ladle have also requirechgbs
in the refractory lining of steel ladles. The reside
time of steel in the ladle and the tapping tempeeat
has increased. Thinner refractory linings have bee
applied to increase the ladle capacity. Therefoleas
become necessary to install insulation

shell temperatures [1]. Insulating refractory miaisr
do not provide a safety function when the weantinis
completely worn, so a permanent lining is requiasch
safety layer to avoid break outs. In addition, the
insulating materials need to be protected fromhigh
contact temperatures.

For the selection of back lining materials, it is
important to consider not only the thermal conduitti
but also the thermo-mechanical stability to ensare
long lining life. Monolithic back linings are oftemsed
for one year which accounts for about 800 heathén
steel ladle.

The dense calcium hexaluminate Aggregate,

layers to
counterbalance increased heat losses and highalr st

Tab. 1. Typical data of Bonite.
BONITE — Calcium hexaluminate

Mineralogical composition

main phase CA;, about 90 %

minor phase Corundum

traces CA,

Chemical Analysis

Al,O, % 90
CaO % 8.5
Sio, % 0.9
| Fenyg % <0.02
Bulk density g/cm3 3.0
Apparent porosity Vol. % 8.5

PROPERTIES OF BONITE-BASED CASTABLES

Thermal conductivity
The thermal conductivity of minerals is a directibn
property with high values for the axis of densemait

Bonite, has a high refractoriness and exhibits apacking and lower values for areas with less dense
comparably low thermal conductivity combined with packing, material defects, and interfaces. Theiaic

high wear resistance. This set of material progerti
makes it an interesting aggregate for refractariethe
permanent lining of steel ladles.

MATERIAL PROPERTIES OF BONITE
The initial objective of the product development
was to expand the properties of calcium hexalurainat

which is formed in the matrix of calcium aluminate |
to the whole castabl

cement bonded castables,
formulation. The CA formation begins at temperatures

above 1300 °C, and it is associated with a volume
expansion of about 14 %. The newly formed mineral
phase bonds strongly to alumina or spinel graind an|:

shows a very high refractoriness, a low wetabibty
molten metals and slag (ferrous and non-ferroud)an
low solubility in iron-containing slag [2].

hexaluminate crystals in Bonite appear as platelats
form a structure where the face sides of the cly/stie
linked to the flat side of another hexagonal crytas
forming a structure that is similar to a house afds
(figure 1).
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The Bonite features the same positive properties alexagonal CAplatelets and few pores in between.

o

IisHecion)

the CA; formed as a mineral phase in castables.

of corundum, and traces of calcium di-aluminate JCA Pased castable exhibits a much lower thermal
It has a bulk density of 3.0 g/énwhich is about 90 % conductivity when compared to other high alumina



refractory materials which are often used in aldtzie to achieve a high CO-resistance. Special attemtiast
permanent lining. It is important that the micrasture  be given to low iron content of the materials used.
of Bonite remains stable even at temperatures above The CO-resistance of a Bonite castable was tested a
1500 °C [3], and therefore no change of the thermaDIFK/Bonn according to ASTM C288-87. The test bars
conductivity must be anticipated even during thewere made from a conventional castable with 20 % CA
extended life time of a back lining in a steel éad| 14 M cement and a water demand of 12 %. The purpose
A comparison of the thermal conductivity of a was to achieve a high open porosity of 32 % after
Bonite-based low cement castable and other standarfiring, because a high porosity intensifies the &ack
materials for a steel ladle permanent lining isegiwn on refractories. Despite the high porosity, the iBon
figure 2. In spite of the comparably high densit@5  test piece was rated class A (highest resistarass)l
g/cm3, the Bonite-based castable shows a signtfican after pre-firing at 540 °C, and class B after prig at
lower thermal conductivity when compared to the 1095 °C.
bauxite based brick which has a bulk density of 2.7
g/cms. It is even lower in comparison to the ansit¢du  Slag resistance of Bonite
based castable which has a lower bulk density (2.5 Although the permanent lining in steel ladles i$ no
g/cm3). The low thermal conductivity of Bonite i$ o in contact with slag under normal conditions, itsnu
interest for applications where a combination ofawe provide a certain slag resistance to act as ayshfigtg
resistance and insulating behaviour is required, foin case of wear lining damage. High alumina

example in the permanent lining in steel ladles. refractories based on alumino-silicate or bauxite a
often used as back linings in steel ladles. Evanesp
28 castables are sometimes applied where the conslition
- are more severe (slag line, Io_w minimum thicI_<neSs 0
_— the wear lining). The slag resistance of a Bonéseul
E 24 ) LC castable, in comparison to bricks from bauxite,
% 2.2 andalusite, and forsterite, was determined (taple 2
R e -
é 18 \\n\ Tab. 2. Data of refractories used for permanerindin
g 16 T - in steel applications: commercially available bsand
E | a Bonite-based low cement (LC) castable.
£ 1,4 —&—Bonite (BD.: 2.85 g/03m3) ] i ) Po cp
TR o A e en ) Vol |0k )
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Fig. 2. Thermal conductivity of refractory matesial [FEIEGICM 076 | 36 (065 54 | 0 | 59 | 27 | 13 | 1400
used for steel ladle permanent linings [4]. T o1 [ o075 [ 82]003| 0 |003 28 [ 17 1 50

CO-resistance

The resistance against carbon monoxide attack fro
hot metal or carbon bonded refractories is an ingmbr
feature of refractory materials suitable as permane
and insulation linings in steel applications [56arbon
monoxide can penetrate the ladle lining up to e |
insulation layer and it can form carbon depositat th
lead to a destruction of the refractories. The ddjpm
of carbon in the pores of insulating materials éases

The test was conducted in an induction furnace at
Mhe DIFK/Bonn. The brick samples were cut, whereas
the Bonite castable was moulded with 6.5% water,
dried at 110°C/ for 24h and prefired at 1000 °C3br
before being installed. The samples were mounigde si
by side forming a crucible. The samples were
simultaneously subjected to 15 kg of steel ST52eund
an oxidising atmosphere (air).
the thermal conductivity and results in a loss of After reaching the test temperature of 1600 °C, 750

g of a synthetical calcium aluminate slag was added

'nsﬁﬁgngtgicgn refractories by carbon monoxide isThis slag is typical for aluminium-killed steel ahdd
y the following composition:

discussed in detail by Bartha and Kéhne [7] and was o
recently investigated as part of an AlF-projecttte 41.5wt.% CaO,

German refractory institute DIFK in Bonn. Although : 38'5(;’“'% ALOs,
the details of the wear mechanism under CO atteek a © Swt%SIQ,
still under discussion, it is commonly acceptedt tha * Swt%MgoO,
selection of appropriate refractory materials iguiged ¢ 6wt.% FeQO;,

* 4 wt.% MnO.



The slag was replenished after one hour and the tes =  horizontal surface facing up= 2,38AT"?
was aborted after two hours due to the high weamnef = horizontal surface facing down= 1,2:AT??
sample. The test specimens were cut in a longiaidin In general, the heat loss through the ladle susface
direction and the wear profile was measured asthg  can be split to about 55 % through the slag litmua
level. The discolouration of the sample, the slag35 % through the barrel and about 10 % through the
penetration and the formation of cracks were alsobottom. This means that an efficient lining concfept
investigated. the sidewall is an important measure for energynggv

Figure 3 illustrates the result of the corrosiost ten
the cut samples. The andalusite brick shows thestwor
result with almost no remaining material in thegsla
line. This confirms the inferior behaviour of angsite
as a wear lining in steel ladles when calcium ahatd
slags with a ratio of CaO to AD; of about 1 are used
(calcia content above 30 %) [6].

The wear rate of the andalusite brick in the sésg t
was 12 mm/h whereas in the case of the bauxité bric
was only 4.6 mm/h. However, the bauxite brick was
deeply infiltrated by slag which led to the forneetiof

4,25 m —|

h=

cracks parallel to the attacked surface. The Benite I— d=320m —|

based castable performed best with little slagFig. 4. Transient, two-dimensional, and axis-sym-
infiltration, no cracking and the lowest wear rafe3.2 metrical FEM model of a steel ladle.

mm/h.

The following settings were used for the simplified
model:

= AluMagCarbon bricks (7 % MgO, 7 % C) as
wear lining in the barrel; two cases: 1) “new”
wear lining (155 mm) and 2) old/worn lining
(50 mm); a comparison of different permanent
lining concepts,

= MagCarbon bricks (10 % C) in the slag line
(187 mm), permanent lining alumina-spinel-
castable (100 mm) plus vermiculite insulation
(10 mm),

= Alumina-spinel-castable in the bottom (250
mm), permanent lining high alumina castable

Bauxite Forsterite Andalusite Bonite

Fig. 3. Samples after slag test; CaQ@ratio 1.08 (150 mm) and no insulation,
(Induction furnace, 1600 °C / 2 h; air) = For .5|mpl|f|cat|on, wear has only been
considered for the barrel but not for the slag
THERMAL MODELING OF LINING CONCEPTS line or the bottom,

The thermal modeling of different ladle lining Tapping temperature 1670 °C,
concepts was carried out by the CORUS Ceramics Tap to tap time 260 minutes (about 5 heats per
Research Center in IJmuiden. The transient FEM day): 120 minutes from converter to
analysis of a generic steel ladle (figure 4) was continuous casting machine, casting time 40
performed to simulate the performance of Bonitesdas minutes, 100 minutes back to converter;
refractories in steel ladle permanent linings. @he of Casting time was split between *filled” time
the analysis was to predict the temperature profitae (120 + 20 minutes) and “empty” time (100 +

lining and the cooling rate of the liquid steel idgra 20 minutes), _
service cycle. = Ten service cycles performed in a row to

In order to calculate the heat transfer from the achieve quasi stationary thermal conditions in
surfaces of the modeled ladle, convection and tiadia the lining, _
were included. The ambient air was set at 20 °G Th * Eleventh cycle. used for calculations of
emissivity for radiatiort was set at 0.85 the figure used temperature profile and heat loss.
for white refractories according to [8]. Free cocti@n
was defined with the coefficients below [9]:

» vertical wallsa = 1,63AT%3



The difference in the steel cooling rate makes the

The results of the following permanent lining positive influence of Bonite even clearer. The aupl

concepts will be discussed in detail:

rate of the bauxite version is around 0,03 °C/nighér

= Bonite low cement castable compared to(0.71 vs. 0.68 °C/min) when compared to the Bonite
bauxite brick, with vermiculite as the version. This amounts to an energy saving with the

insulation layer,

Bonite version in the range of about 22,000 € Ty

= Bonite low cement castable compared to per ladle (assumption of 800 heats per annum fer th
andalusite brick, with vermiculite as the permanent lining and according to calculationsLioy]).

insulation layer.

In addition, the Bonite layer reduces the contact

More concepts were evaluated, including temperature at the insulation layer by about 100 °C
combinations of Bonite with the microporous £A This becomes important in case of the worn ladle

insulating material, SLA-92, but the results canhet

discussed here in detail.

because it reduces the risk of overheating thdatien
layer. Such overheating during the long lining Idé

Figures 5 and 6 show the result of a typical ba&uxit the back lining, can lead to a considerable detatitn
based permanent lining when compared to the Boniteef the insulation layer. The whole lining stabilityay
based castable. All conditions were kept constante reduced.

during the comparison, so the differences in resale
only due to the use of Bonite. It can be cleargrsthat
for the “new” lined ladle with Bonite as back ligirthe
temperature of the steel shell is about 20 °C lower
the worn ladle (50 mm remaining in the wear linitigy
difference is even higher at 30 °C.
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The comparison of the Bonite-based permanent
lining with the andalusite brick version shows
comparable results with regard to the steel shell
temperature. Here Bonite provides considerably drigh
protection against break outs in case of wear dinin
damage. This is due to the superior slag resistance
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Fig. 5 Temperature distribution in the “new” linifigft) and old/worn lining (right)
(155 mm AMC-brick, 100 mm bauxite castable, 13 warmiculite board)
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Fig. 6 Temperature distribution in the “new” linifigft) and old/worn lining (right)
(155 mm AMC-brick, 100 mm BONITE castable, 13 raermiculite board)



SUMMARY AND OUTLOOK

The dense calcium hexaluminate aggregate Bonite
shows clear advantages for applications in the back
lining of steel ladles or other industrial furnaces

e High refractoriness and thermo mechanical
stability,

* Resistance against carbon monoxide attack,

* Resistance against calcium aluminate steel
ladle slag,

* Low thermal conductivity.

These properties enable refractory concepts for
back linings which combine safety with the reduatio
of heat losses during the process. The Bonite-based
low cement castable has displayed superior slag
resistance when compared to andalusite bricks and
even bauxite bricks which are often used in thekbac
lining of steel ladles. The simulation of differdatlle
lining concepts has shown the potential of Bonite-
based material for the reduction of contact
temperature of an insulation layer, steel shell
temperature, and heat losses during the process. Th
also indicates a potential for reduced lining thieks
to increase the overall steel ladle capacity.

Bonite can be combined with the microporous
insulating calcium hexaluminate SLA-92. This
enables the formulation of a wide range of insofati
products and lining concepts for other back lining
applications in addition to steel ladles.

REFERENCES

[1] Buhr A. Refractories for Steel Secondary
Metallurgy. CN-Refractories, Vol. 6, 1999, No.
3, 19-30.

[2] Criado E, De Aza S. Calcium Hexaluminate as
Refractory Material. UNITECR '91, Aachen,
Germany, Proc., 403-407.

[3] Buhr A, Biichel G, Aroni JM, Racher RP.
BONITE — A New Raw Material Alternative for
Refractory Innovations. 47. International
Colloguium on Refractories, Aachen, Germany,
2004, 205 - 210.

[4] Routschka G, Wuthnow H. Pocket Manual
Refractory Materials."8Edition, Vulkan
Verlag, 513-520.

[5] Koltermann M. Andalusite bricks for torpedo
ladles. Metallurgical Plant and Technology,
1980, 24 — 31.

[6]

[7]

[8]

Buhr A, Koltermann M: Neue feuerfeste Roh-
und Werkstoffe mit mehr als 60% A, -
Entwicklungsrichtungen und Versuche in
Torpedo- und Stahlgie3pfannen. 39.
International Colloquium on Refractories,
Aachen, Germany, 1996, 161-165.

Bartha P, K6hne V. Untersuchungen zur
Carbondesintegration feuerfester Baustoffe.
Tonindustrie-Ztg. 97, 1973, 244-247.

VDI Warmeatlas, VDI Verlag 1988
Perry RH, Green DW. Perry’s chemical

engineers’handbook "edition, McGraw-Hill
Book Cy., New York, 1984.

[10] http://www.steeluniversity.org



