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Abstract

The manufacturing process and specific prop-
erties of tabular alumina are described and com-
pared to white fused alumina. The global tabu-
lar product concept is explained and some con-
sumption figures are given. The advantages of
tabular alumina for different refractory applica-
tions are discussed, including new rasults far
fired corundum bricks.
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1 Introduction

For more than 70 years tabular alumina has
been widely used in high performance refrac-
tory materials for many applications in steel,
foundries, petrochemistry, and ceramics. Its su-
perior refractoriness, thermal shock resistance,
creep resistance and abrasion resistance has
made tabular alumina the dominant synthetic
high purity Al,O; aggregate. Despite the fact
that the overall consumption of refractories has
seen a tremendous decline e.g. in steel produc-
tion, the use of tabular alumina has grown rel
atively and in absolute terms. Beside the sin-
tered tabular alumina white fused alumina is
also being used in many refractory applications.
The purpase of this review paper is to describe
and compare the specific properties of tabular
alumina and white fused alumina and to dis
cuss advantages of tabular alumina in various

applications.

2 Synthetic alumina aggregates
2.1 Tabular alumina production
process

Tabular alumina was produced for the first
time in 1934 by Thomas 5. Curtis under Aleoa
contract using his patented shaft furnace. The
name tabular alumina is derived from large,
typically 50-400 pm flat tablet-like synthetic
corundum [m-alumina) crystals, which are vis-
ible in fractured surfaces of tabular alumina.

The production process (Fig. 1) starts with
the grinding of a purified synthetic calcined
alumina from the Baver process, which is then
agelomerated in a granulation process, In the
special Almatis ball-forming process, green
balls are made only with water and without the
use of any additives, e.g. organic binders or
Ti0;. After transportation to a drying cham-
ber the moisture of the compacted green balls
is removed prior to being transferred to the top
of the shaft kiln (converter). The dried green
balls are sintered in a continuous vertical shaft
kiln thereby converting to tabular alumina at
temperatures of 1800-1900 *C. The kiln is fired

by a combination of natural gas and air,
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Fig. 1 = Production process of synthetic tahular aluming by sintering

The fine grinding of the leedstock is impor-
tant for successful ball forming of green balls
with sufficient strength to avoid breakage dur-
ing handling and transport to the drving cham-
ber. Ball forming is the key production step with
respect to densification of tabular alumina dur-
ing sintering. To obtain full conversion to the
tabular alumina structure, as shown by the crys-
tal development of the converter discharge (CI,
the gas/air ratio is balanced and the throughpau
of the alumina balls through the kiln is con-
trolled.

The sintered tabular alumina converter dis-
charge balls (CID) are cooled, crushed and
screened 1o the various open and closed sized
fractions. Sized products pass through magnet-
ic drum separators to remove metallic particles
obtained from the wear of the crushers. Fine tab-
ular alumina powder < 0.3 mm is produced by
grinding tabular alumina grains in a ball mill
with ceramic grinding mecdia,

A comprehensive review of production
process, properties and applications of synthet-
ic alumina is given by Hart [1].

2.2 Tabular alumina properties

Tabular alumina is a homogeneously sintered
dense aggregate with a high melting point of
2050 °C, Main chemical impurities are Na, O
from the Baver alumina, and metallic iron from
the different crushing steps. Due to the contin-
uous sintering process, the Ma, O content is ho-
mogeneously distributed through the whole

product range without any portions containing
mch higher impurity levels, Metallic iron s care-
[ully removed by passing the crushed products
over several magnetic drums,

Mo additives are added to Almatis tabular alu-
mina, Potential additives could be organic binders
to tacilitate the ball forming process, or TiO, to
lower the sintering temperature during conver-
sion. Those additives would negatively influence
tabular alumina properties, e.g. the consistency
of the crystal structure, the open porosity or the
hot properties. High densification could be
achieved with TiOy, addition [2], but liquid-phase
sintering would already appear at 1350 “C with
Bayer alumina (Na,O 0.4-0.5 %) [3].

Table 1 = Typical data of tabular alumina T60/T64

sizes and white fused alumina (WFA)

Chemical analysis Unit TEO/TES
typical
Na,0 '}a 038
5i0; % o0z
B pe % 0.003
Fey0y % nd.
Physical properties
Bulk density glem? 355
Apparent porosity Y a0
Water absorption % 05

*] By difference
**] High batch to batch variation

> > >

The main physical characteristics of tabular
alumina are bulk specific gravity (BSG), appar-
ent porosity (AP} and water absorption (WA)
(Table 1), Properly fired tabular alumina has o-
alumina crystals that can easily be seen in re-
flected light by the naked eve. The appearance
of these crystals can be compared with accept-
ahility standards by visual inspection of the frac-
tured surfaces. The structure of tabular aluni-
na with large corundum crystals has no visual
open pores and has low open porosity of typi-
cally omly 2.9 %,

The microstructure as shown in Fig. 2a reveals

that tabular alumina has only small pores, either

Fig. 2 =« Microstructure of tabulér alumina (a) and
white fused alumina {b)

closed or interfacial, and these
pores are evenly distributed into
the whaole structure. This con-

WEA :
ypical tributes to the low water absorp-
\Hu?rﬁ ) tion.

e The high amount of closed
TE spherical porosity of less than
010 10 i in diarmeter can also be seen
n.d. in Fig. 3.

01 Careful control of firing during
production is required since un-

351% der- and over-fired tabular alumi-

P na cxhibits a high amount of open

S porosity which reduces BSG and

increases water absorption of both
tabular alumina and the final re-

fractory products. An excessive
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Fig. 3# Crystal structure of tabular alumina

open porosity would also result in greatly dif-
tering grain strength and high-temperature vol-
ume stability. Partially sintered grains would ex-
hibit poor volume stability and shrink further
when used in fired refractories. The resulting de-
fect structure would lead to a weakness of the
refractory and is a source of high porosity which
limits corrosion/erosion resistance of the re-
fractory in service. Sintering aids could over-
come these low densities, but, besides inferior
hot properties, crystal growth is limited result-
ing in lower thermal shock resistance [1],
Because of the amount of closed porosity in
tabular alumina the thermal spalling resistance
TSR] is very high { Fig. 4). The spherical closed
pores react to thermal shock as a crack stopper.
They avoid further propagation of the crack
through the whole grain. The result is a high
crushing strength of the individual grains and
of the whole refractory castable or brick formu-

lation even after thermal shock,

2.3 The global tabular product con-
cept of Almatis

Almatis as a global supplier of premium alu-
mina raw materials supports customers in the
refractory industry to enhance their business in
a more and more glabal business environment.

Tabular alumina TE0/T64 is one product. His
torically, the name Tal was used in all countries
except Morth America, and To4 was used for the
MNorth American market. Therefore, for the glob-
al tabular products the name Tal/Ta4 is used.

Since 2001, 14 standard grades have been of-
fered as Global Products (Table 2). Additional

Table 2 » Global T60/T64 tabular
alumina products, number

in parenthesis is Tyler mesh

TEO/TES 0-3 mm {-6)
TEOTES 01 mm {-14)
THO,TE4 0-0.5 mm {-28)
TE0/TE4A 0-0.3 mm (-43}
TEO,TEA 0-0.2 mm (-65)
TEO/TES -45 pm (-325) LI
TG0/TES -45 pm [-325) STD
TE0/TE4 -20 pm

TE0/TEA 3—6 mm {3-6)
TH0T64 25 mm {1/4"—8)
TBOTES 1-3 mm (614}
T60/TE4 1-2 mm (§-14)
T60,TE4 0.5-1 mm [14-28)
T60/T64 0.2-0.6 mm |25-48)

Open sizes

Closed sizes

O Brown fused
O White fused
B Spined

O Tabular alumina

Brown fused

=B

60

=20

Tabpular
aluming

Spinal
Whita fused

Fig. 4= Thermal spalling resistance of tabular alumina, white fused alumina and other refractory aggreqates
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special regional grades are available an request.
The chemical specification was harmenised in
2001.

The particle size distribution is specified in
millimetres and Tyler mesh, with equivalent
sieves across the whole particle size distribution.
Alsa, the test methods and the information pro-
vided on the Certificate of Analysis (CoA) have
been harmanised for the tabular products.

Tabular alumina Te0/Te is globally available
from five plants { Rotterdam / The Netherlands;
Ludwigshafen / Germany; Leetsdale / Narth
America; Falta f India; Qingdao / China) to the
same specifications,

[n the meantime, the global tabular product
concept has proved its value in the global mar-
ketplace. The technology transfer processes of
our customers have become much easier, be-
cause formulations do not need to be adjusted
with regard to particle size distribution, if glob-
al tabular sizes ave used. Also resources and time
consuming additional testing and qualification
of finished products by the end-user can be re-
duced or even avoided.,

Tl isa regional tabular alumina produced at
Iwakuni (Japan). It has a lower Na,O content
compared to standard To0 T4 (mace. 0.2 % vs.
0.4 %) and a higher bulk specific gravity com-
pared to standard Ta0/Ted (typically 3.7 vs.
3.55 g/em?). The sizes are not specifically har-
monised with the global tabular products, al-
though the particle size distribution for most of
the sizes is similar to T/ Tad global products.

2.4 White fused alumina production
process

Fused alumina was first produced in the late
19 century by fusing of an alumina feedstock
i a batch process with carbon electrodes and
subsequent cooling [4], Depending on the type
and amount of impurities in the feedstock, fused
alurnina is available as brown-, white-, pink-,ru-
by, and black fused alumina.

White fused alumina (WFA) is produced by
a batch melting process of a Bayer alumina feed-
stock. After melting of white fused alumina, pri-
mary conling of the block takes place and Na, (0
is segregated in the upper central portion of the
tused block as B-alumina (Na (- 11 ALO,). Sec-
ondary cooling begins after block is dumped on-
toa bed of alumina fines. Due to the inherent
cooling of the malten alumina block, WEA prop-
erties differ between the inner and the outer part
of the WFA block. Besides the difference in Na,O



content, the crystal size and the open porosity
also vary in the different regions. After cooling,
the block is broken into chunks < 40 mm by
dropping a large steel ball onto it. Careful selec-
tion of the various WEA grades is required to
separate the low purity WEA and the small crys-
tal size fused alumina from the higher quality
portion. The selected chunks are crushed and
subsequently screened and passed over a mag-

netic separator.

2.5 White fused alumina properties

Depending on the purity of the feedstock and
on the selection of the various fused alumina
grades within a lused alumina block, different
grades of fused alumina are available. In the out-
et part of the fused alumina block cooling pro-
ceeds much faster resulting in smaller corun-
dum crystals, whereas in the inner central part
cooling is slow and crystals can grow up to large
single crystals. These crystals usoally already
contain micro cracks induced during crushing,
These reduce the crushing strength of the single
Erains.

Na, (0 is the impurity which most affects the
properties of WEA, The total Na,O content of a
fused alumina block is not higher than that of
tabular alumina, However, due to the batch pro-
duction process of fused alumina, the Na, O is
not homogeneowsly distributed within the fused
alumina block as it is in tabular CI), There are
certain areas with very low, and other with very
high Na;(} content. The Na, O content at differ-
ent locations in white fused alumina blocks varies
between (L07 % and 4.0 % [4]. Careful selection
is therefore required after the first crushing of
the fused alumina block into chunks. In a large
block, the Na, O can be partially removed by dis-
carding the top centre section,

When compared to fused alumina, the con-
tinuous sintering process of tabular alumina gives
a constant Na,O level over the whole production
range, so no selection is required,

The Na, 0 forms B-alumina (MNayO - 11
ALOS) by reaction with Al 04, The Mohs hard-
ness of , B-alumina is much lower when com-
pared to corundum (6.5-7 v5,9) Subsequent-
ly during crushing and sieving the low-hard-
ness B-alumina powders into smaller sizes than
corundum resulting in an accumulation of
Ma, 0 in the WEFA fines (segregation), In par-
ticular the WFA fines below 45 pm carry a sig
nificant amount of soluble Na,O which has a

significant impact on castable setting behav

Table 3 » Comparison tabular alumina castable with

tabular vs. white fused fines

> >

resistance due to the lack of
closed porosity.

The visual appearance of

Type SFHL SFL tabular alumina and white
Component Tabfines WFA fines fused alumina can be seen in
Coarse fraction Fig. 5. As a result of the con-
[0.5-6mm) TEO/TE4 e &1 51 Linuows sinter process, prop-
Fine fraction erties of tabular alumina are
[0-0.5 mm) % 7 ) constant over the whale pro-
Aggregate TEOTES {-20pm| % 7 - duction range. Figure 3a
Fines WWEA [-20 pm) g 45 3 shows the surface of coarse
Heantive aluming Bimodal n 10 m graing of tabular alumina,
EEpa CA-18 M % 5 5 densely sintered in the outer
: ; and inner part of the CD,
Dizpersing b :
: Figure 5b shows a grab sam-
aluminas ADS 3 ADWT % 1 1 ] 3
ple from a single WFEA bag,
L o i .5 The different crystal size and
F10 Ll 25 260 the high open porosity can
SFL flow Fal mm 268 266 be clearly seen even with the
F&0 mm 253 256 naked eye,

iour and refractoriness. One author reports that
the soda content increases fram 0,31 % in coarse
sizes (= 14 mesh) to 1.08 % in the fines (< 120
mesh) [4].

The influence of soluble Na, O on the fow be-
haviour of low cement castables is well known
and was confirmed by own experiments, Table
3 shows a comparison of two tabular alumina
castables, where only 7 % of the tabular alumi-
na -20 pm fines have been exchanged for 7 %
white fused alumina dust <20 pm. To achieve the
same flow, the castable with white fused alumi-
na requires 5.5 % water instead of only 4.7 %
with tabular alumina -20 pm.

Figure 2b shows the microstructure of white
fused alumina. Although the total porosity of
white fused alumina is similar to that of tab-
ular alumina, it contains mainly large, inter-
connecting open macro pores in scale of up to
I mm or more. [n contrast, most porosity in
tabular alumina is present as spherical closed
micro pores, which form as a result of poros-
ity being entrapped during the granulation
process. This porosity coalesces during e-alu-
mina re-crystallisation on sintering (Fig. 2a).
As a result of this difference, the open poros-
ity of WFA is three times higher than that of
tabular alumina. Dense fused alumina has al-
50 been developed and is used in China and
Japan. It is produced with small amounts of
reducing additives added to the Bayer alumi-
na feedstock. The density can be as high as

3.90 gfem?, but with very low thermal shock

Fig. 5= Visual appearance of tabular alumina
{&) and white fused alumina (b}

3 Application of tabular alumina and
white fused alumina

The main volume market for refractory ag-
gregates such as tabular alumina and white fused
alumnina is the refractory industey, where these
aggregates are used in combination with spinel,
calcined and reactive aluminas, and binders such
as calcium aluminate cement, clay or resin. The

total global tabular and white fused alumina

Refractames Manusl 2007 NTIBrCEram 9
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consumption is estimated at 520,000 t, split by
region - Europe areund 220,000 t, Americas
L4100 0HK) £ and Asia 270,000 t. Refractory appli-
cations for high-purity alumina raw materials
are the iron and steel making industry,
foundries, aluminium investment casting, and
the petrochemical and ceramic industries. About
65-70 % of refractories are used as monolithics
or bricks in the iron and steel industry. The con-
tinuous advancement of steelmaking technol-
ogy and processes requires higher quality re-
fractories which — despite an overall decrease
in specific refractory consumption in steel-
making - resulls inan increased use of synthetic
alumina raw materials [5]. It is estimated that
more than 80 % of the total tabular alumina and
white fused alumina valume in refractories is
consumed by the iron and steel industry.

Key advantages of tabular alumina are high
thermo mechanical strength, chemical stability,
high thermal shock resistance, high abrasion re-
sistance, and consistent properties. Tabular alu-
mina provides reliable performance and avoids
adjustments to overcome quality variations of
the refractory aggregate. In contrary to tabular
alumina, the use of white fused alumina appears
to be more sensitive and the way of which for-
mulations are prepared should be different. Some
studies show that to achieve a certain vibration
flow of say 20 cm, the water demand increases
from approx. 8.3 % to approx. 10.3 % by ex-
changing only one tabular alumina size for the
corresponding white fused alumina size [7]. A
2% higher water demand results in a 6 % high-
er open porosity of the fired castable, which sig-

nificantly reduces the infiltration resistance,

3.1 Sliding gate plates
The first successtul application of tabular alu-
mina was the sliding gate plate, where the ther-

mal shock and wear resistance was clearly im-

proved, The use of tabular alumina in sliding

gate plates is state of the art technology world-
wide. The development of slide gate plate re-
fractories has been described by several authors
[8-12]. Commonly used mullite-bonded alu-
mina refractories {80-90 % AL O, ) have been
improved by reducing silica content and adding
graphite and also by carbon bonding, Mullite
further improves the thermal shock resistance
but its 510, content decreases the resistance
against corrosion caused by calcium-treated steel,
high manganese steel, and high oxygen stecl,
Slide gate plates with an addition of ZrO, instead
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of §i0}, demonstrate high corrosion and high
thermal shock resistance. The specific refracto-
ry consumption of sliding gate plates is around
0.05 kgt of stecl.

3.2 Castables in steel ladle side wall
and bottom

The increasing demand for steel cleanliness
and the continuous casting technology require
a varicty of metallurgical processes to be per-
formedd in the steel ladle. Details are discussed
by Bannenberg [13]. The development of ladle
metallurgy has resulted in more severe warking
conditions for the ladle refractorics becanse of
increased tapping temperatures of up to
1750 "C, extended residence time of the steel in
the ladle, stirring, heating, and various aggres-
sive slag conditions, for example during desul-
phurization [ 14].

Today, basic bricks (magnesia carbon or
diolamite) or high alumina castables (tabular alu
mina, corundum, spinel or spinel-forming) are
standard lining materials for steel ladles. They
are used either alone or in combination in vari-
ous installation practices, e.g. alumina-spinel
castables at the bottom and in the side wall, and
magnesia-carbon bricks in the slag line. Ladle
lining practices can differ significantly between
regions and steel plants as the result of different
metallurgical processes, working conditions, and
refractory concepts. Specilic refractory con-
sumption in steel ladles in integrated steel works
is between 1.0-4.0 ke/t of steel and contributes
to around 25 % of the total refractory con-
sumption in steel production [6].

3.3 Pre-cast shapes

The main applications of pre-cast shapes are
in steel ladles. Pre-cast shapes are used as purg
ing plugs, injection lances, well blocks, nozzles,
impact pads, and pre-cast ladle bottom elements.
In the tundish for continuous casting pre-cast
shapes are used as dams and weirs to control the
steel flow. These refractory products are not on-
Iy part of the refractory lining but necessary for
the performance of a required metallurgical
treatment. Temperatures up to 1750 °C in steel
ladles require refractory material based upon
synthetic alumina raw material such as tabular
alumina or spinel, Spinel addition to tabular alu-
mina refractories further increases the per-
formance in respect to thermo-mechanical prop-
erties and wear resistance 5], Alumina-rich
spinels such as AR 78 and AR 90 are used for alu-

mina refractories. AR 78 is used predominantly
in the fines and AR 90 in coarse sizes. Electric
arc furnace delta sections are often made with
large pre-cast shapes. The specific refractory
consumption of pre-cast shapes in steel manu-
facturing is around 0.15-0.25 kg/t of steel.

3.4 Fired alumina bricks

High purity corundum brick is widely used
as refractory lining for oil cracking units, coal
gasifiers, carbon black furnaces, black liquor gasi-
fication and other industrial furnaces. The rea-
son is the oulstanding performance of corun-
dum brick with respect to chemical corrosion
resistance, mechanical abrasion resistance and
thermo-mechanical properties like high tem-
perature strength, refractoriness under load and
Creep resistance, even in environments with cor-
rasive gas or liquid and with high pressure.

Synthetic-alumina based aggregates such as
white fused alumina and tabular aluming are the
two main aggregates available for high-purity
corundum brick, They are selected due to low
impurity content (e.g. 5i0.), high bulk density
and good thermo-mechanical properties. These
properties enable corundum bricks to meet the
requirerments for thermal, chemical and struc-
tural attacks [ 15] which gasifiers and other fur-
naces require in operation,

The different processes for WEA and tabular
alumina production (fusion vs. sintering) cer-
tainly create differences between the aggregate,
which also have an impact on the properties and
performance of the corundum brick, Tabular
alumina is well received and extensively used in
refractories for steelmaking such as slide gate
plates, Al Oh-MgO-C brick, castables and pre-
cast shapes, However, for many vears WEA has
been commonly used as the aggregate for high-
purity fired corundum brick for non-steel ap-
plications such as gasifiers and other industrial
furnaces, Itis often claimed that WFA aggregate
has a higher bulk density which consequently
increases the density of fired brick and the cor-
rosion resistance which could enhance the over-
all performance, These perceptions were inves-
tigated in an extensive evaluation [16].

High purity corundum brick with AL Oy con-
tent above 99 % was studied based on tabular
alumina and white fused alumina (WFA) as sin-
gle aggregate and the combination of both, When
compared to tabular alumina, WFA aggaregate
has a higher Si0;, content of above 010 % and
shows fluctuation on soda content. WEA also has




Table 4 = Brick formulation

> > >

gregates can improve thermal shock: resistance

of corundum bricks,

T100 75 T30 125 T0 + Pure tabular alumina and WFA bricks perform
Aggregate /% (Tabular or WFA] better on creep resistance compared to blends
1-3mm 42 195422 5 42 42 40 of the aggregates,
0.5-1 mm 15 15 1243 15 15
005 mm 0 0 10 10 10 3.5 AluMagCarbon bricks & AluCar-
Fines /% (Tab -325 mesh or WFA -240 mesh) 23 2 R T otk
; " Compared to other materials such as bauxite,
Calcined alumina CTBOOFG / % 10 10 10 10 10 ] :
¢ : brown tused corundum, or andalusite, synthet-
Sulphita pulp fiquor [ % +3 +3 +3 +3 +3 ic alumina refractory raw materials such as tab-
Amount of Tab [ % 100 73 50 25 0 wlar alumina and alumina-rich spinel benefit
from very high chemical purity (= 99.4 % Al, 0,
- _ S 1.4
5 “ W Apparent porosity/ % | mBulk density/ g/lem® ¥ B Shrinkage /%
16 o I
" ik
124 0.84
10 4
s U 0.6+
[§ 0.4
44 0.2 Fig. 6= Apparent
24 porosity, bulk density
0 0 TI00 7S TS0 T25 o and shrinkage of fired
THO TT5 TS50 T5  TO TI00 T75 TS0 TS TO A R
a high open porosity of 8.8 %, which very often
exists in the form of large single pores or in the 160 accsme] 01 B Coid MoR/MF=
: ; : Hot Mo R
torm of agglomerations of pores rather than the 140 30 4 = il
small closed and evenly distributed pores in tab- 120 25 1
ular alumina. Bricks with different ratios of tab- 100 20

ular alumina and WEA were tested lor firing
shrinkage, bulk density and apparent porosity,
cold and hot strength, thermal shock resistance,
and abrasion resistance. Slag tests with a coal
gasifier slag and an oil cracking slag were also
conducted.

Almatis global tabular alumina product
Telfa4 and a common commercial Chinese
WEA grade were selected as the aggregate and
fines, In the matrix, Almatis caleined alumina
CTROOFG was used. Sulphite pulp liquar was
used as temporary binder for corundum-brick
making. Five recipes were used in this evalua-
tion (Table 4}. The formula is named as T100,
T75, 150,125 and TO and the numbers stand for
tabwlar alumina content in respective brick, Table
4 gives the details with the tabular aluminag con-
tent highlighted.

The results of the comprehensive study on tab-
ular alumina and WFA for high purity corun-
dum bricks demonstrate that tabular alumina
can generally improve the performance of the
bricks and provide more balanced performance,
This is summarised as follows:

+ Tabular alumina containing bricks show high-

g0
60
40
20

T100 T75

TS0 7125 To

u.
7D T#5

TS0 T35 1O

Fig. 7= Cold crushing strangth of bricks

er sintering reactivity during brick production,
This results in improved densification,

* Tabular alumina containing bricks have high-
er bulk density and lower apparent porosity
{Fig.6).

* Tabular alumina brick has outstanding cald
crushing strength and cold modulus of rupture
and also the highest hot modulus of ropture at
1500°C (Fig, 7).

* Tabular alumina brick has the highest abrasion
resistance.

+ Tabular alumina containing bricks outperform
pure WEA-based brick on corrosion and infil-
tration resistance against slag from coal gasifi-
er and oil cracking unit.

* The co-use of tabular alumina and WFA as ag-

= 0% % AlLO, + MgO). Refractories based on
synthetic materials provide the desired lining
lite and also thermodynamic stability with re-
spect to steel cleanliness. Corus [muiden re-
ports that the lining lite of fired spinel bricks is
reduced up to a0 % if the 5i0; content is 1 % in-
stead of 0.1 % [17].

AlabMagCarbon (AMC) bricks consist of alu-
mina aggregate, preferably tabular alumina, fine
tabular alumina, ground calcined alumina, mag-
nesia and carbon (graphite and resin binder
compounds). During use, AMC bricks expand
at the hot face due to spinel formation, which
results in reduced wear in the brick joints, The
tabular alumina aggregate is used for high re-

fractoriness, thermal shock resistance and ero-
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Fig. 8 « Slag resistance of AluMagCarbon bricks

sion resistance. Generally, AMC bricks contain
50-85 % coarse high alumina aggregate,
2-35 % dead burned MgO, 5-15 % carbon from
graphite, and 2-3.5 % resin binder. The slag
resistance is achieved by the continuous spinel
formation between fine Mg and fine alumina
resulting in an expansion of the brick at the hot
face of the brick and the non-wettability due to
the carbon content.

Figure 8 shows the slag resistance of AMC
bricks with different raw material bases in an in-
duction furnace slag test with calcium aluminate
steel ladle slag, Slag composition: Caly Al O, =
115 % 50k, 5 % Mg, 5 % FeOl 4 % MnO, 6 %
CaFy. 15 kg steel ST32and 1 kg slag was used. Test
duration was 3 h at 1630°C, slag was exchanged
every hour. The tabular alumina based bricks
show the lowest wear rate, Bricks with higher
Mg content achieve a lower wear rate, but the
volume increase during firing (here shown as
permanent linear change - PLC) is very high,
and this is not acceptable for many applications.

AluMagCarbon bricks have become a com
mon lining for steel ladles in the bottom and al-
50 in the side wall, Tabular alumina based bricks
provide the hest performance especially in the
bottom impact area, where the highest wear re

sistance is required.
4 Conclusion
Tabular alumina is a superior synthetic alu-

mina aggregate for refractory applications. It
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provides a unique combination of important
properties such as high refractoriness and hard-
ness, thermal shock resistance, corrosion and
abrasion resistance and last but not least very
high consistency. This is the resull of the specif-
ically designed continuous manufacturing sin-
ler process.

Tabular alumina T T4 is offered asa glob-
al product to the same specifications from five
Almatis plants worldwide, This stanclardisation
provides benefits to refractory producers in min-
imising resource consuming qualification work
if technology is transferred to other regions in
the world. Tabular alumina is a standard refrac-
tory aggregate for shiding gate plates, steel ladle
refractories, as monolithics or bricks, and pre-
cast shapes.

The results of the fired coruncum bricks made
with tabular alumina indicate the future poten-
tial in this application, which has up to now
mainly white fused alumina,

Tabular alumina was introduced about 70 vears
ago. Starting with special niche applications such
as sliding gate plates it has developed to an im-
portant high volume refractory material for de-
manding applications in the iron and steel and
other industries. The demancd for tabular alumi-
na is constantly increasing even in mature mar-
kets due to technology trends in the end user in-
dustry. Almatis is constantly investing in pro-
duction capacity to fulfil the needs of a growing
global market for reliable high quality and stan-
dardised tabular alumina products, In 2006 a new

fully integrated tabular plant was completed in
Cingdao/China to expand existing capacities and
a new packaging machine will be invested in the
Rotterdam plant to increase the bagging capac-

ity for sized tabular alumina products,

References

[1] MacZura, G.: In Hart, L.[2, Lense, E. (eds):
Alumina chemicals science and technolo-
gv handbook. American Chemical Society,
[SBN 0-916094-33-2, (1990) 109=170

[2] Ikegami, T., Ketani, Eguchi, K.: |. Am.
Ceram, 50c.70 (1987 [12] B56-890

[3] Morgan, PE.Iv, Koutsoutis, M.S.: ]. Am.
Ceram. Soc. 68 (1985) [6] C156-C158

[4] Chichy, Pt In Hart, L.D., Lense, E. {eds):
Alumina chemicals science and technolo-
gv handbook. American Chemical Society,
[SEN 0-916094-33-2,(1990) 393-426

[3]  Industrial Minerals Raw Materials Survey:
Tabular & caleined aluminas - positive per-
formance, (1998) 51-60

[&] Buhr, A Refractories for steel secondary
metallurgy. CN-Refractories 6 {1999) [3]
19-30

[7]  Cantelaube, F, Alcan Specialty Aluminas
[France}, Tonnessen, T., KTWH Aachen
[ Germany: oral presentation at UNTTE-
CR 2003, Orlando, Florida

[#] Zhong, X.C.: Refractory developments.
Proc, UNITECR, Kyoto, Vol. 1 {1995) 75-85

[9] Wameishi, N., Nagei, B., Matsumura, T,
Taikabutsu Overseas Vol 12 (1992) [2]
40-50

[10] Kataoka, S.: Proc. UNTTECR, Kyoto Val. 1
[1995) 1-27

[11] Asano, 5.: Proc. UNITECR, %30 Paulo
[1993) 69-94

[12] Anderson, D, Taylor, I, Cameron, 1V
Proc. UNITECE Vol 3 (1997) 1385-1393

[13] Bannenberg, N.: Proc. UNITECR Vi, 1
[1995] B36-852

[14] Bannenberg, N., Buhr, A.: Stahl und Eisen

118 (1998} [10] 83-87

lehnson, R.C., Crowley, M.S.: Proc.

UNITECR (2005) 949-953

[16] Liu, X., Yanging, X., Keming, G., Buhr, A,

(15

Biichel, G.: Proc. 5th Inter. Symp. on Re-
fractories 2007, pp. 315-319 (Chinese),
344-348 (English)

[17] Franken, M.C., Siebring, ., de Wit, TW.M.:
Proc. UNITECR Vol 1 (2(H11) 128-133

Received: 26.07.2007




