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(57) Abrégée/Abstract:

The invention relates to a material for refractory shaped bodies or compounds, wherein the material is a pleonaste and/or a spinel
of the pleonaste type which, in addition to FeO, and Al,O,, also Includes MgO, the ratio of the iron, calculated as Fe, O, Al,O,

ranging from 30:70 to 60:40, and the material containing from 20 to 60% by mass of MgO, based on Fe,O, + Al,O,.
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Synthetic, refractory material for refractory products,

and process for producing the product
Abstract

The 1nvention relates to a material for refractory
shaped bodies or compounds, wherein the material is g

pleonaste and/or a spinel of the pleonaste type which,

ln addition to FeOy and Al,0;, also includes MgO, the
ratio of the iron, calculated as Fe,05:A1,0; ranging
from 30:70 to ©60:40, and the material containing from
20 to 60% by mass of MgO, based on Fe,03 + Al,0s;.
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Synthetic, refractory material for refractory products,

and process for producing the product

The invention relates to a synthetic, refractory

material for refractory products.

In the text which follows, the term resistor denotes a
material which 1s the main component of a refractory
product. In the most general situation, this resistor
may be a metal-oxide, mineral, refractory material,

such as MgO, Al,03, doloma or the like.

In the text which follows, the term elasticizers
denotes mineral, elasticizing materials which have a
relatively high refractory quality and, on account of a
thermal expansion which differs from that of the
resistbr and on account of the resultant
microstructural defects, such as for example
microcracks, in particular along the grain boundaries,
and further effects lead to an increase 1in the thermal

shock resilstance of a mixture of resistor and

elasticizer, compared to the pure resistor.

Refractory products, 1in particular basic refractory
products based on magnesia, doloma, chromite and/or
spinel (MgAl,04) are wused in all high-temperature
processes with basic slag attack, such as for example
in the production of cement, lime, dolomite, iron and
steel and for the production of nonferrous metals and
in the glass industry as lining material for furnaces,
vessels and treatment units. However, 1f they have a
high refractory quality and good chemical resistance,
these materials or shaped bodies are highly brittle,
i.e. have a high modulus of elasticity, resulting 1in

adverse effects on the service 1life with regard to



{ M

10

20

2D

30

39

CA 02379885 2002-04-02

- 2 -
thermal expansion, stresses, mechanical loads and

thermal shock resistance (TSR).

Furthermore, it is known for refractory shaped bodiles
also to be produced on the basis of Al;0;3, 1n which case
the raw material used 1is 1n particular bauxite, tabular

alumina or fused corundum. Principal application areas

for bricks of this type are electric furnace covers and

ladles used 1in the steelmaking 1industry and cement

kilns and the furnaces used in the glass industry.

It 1is known to reduce the high thermal expansion
stresses of basic refractory products or shaped bodies
by laying the refractory bricks with mortar joints,
metallic inserts, such as metal sheets, perforated

metal sheets or meshes, arranged between them.

Furthermore, numerous measures have peen taken 1n the
past to improve the thermal shock resistance, 1in
particular even of basic refractory materials. It 1s
known from Harders/Kienow, Feuerfestkunde, Herstellung,
Eigenschaften und Verwendung feuerfester Baustoffe
[Refractory technology, production, properties and use
of refractory construction materials], Springer Verlag
1960, Chapter 5.5, pages 754 and 755, to considerably
improve the thermal shock resistance by adding chrome
ore (chrome magnesia brick) and by means of what 1s
known as a miscibility gap, 1.e. minimizing the mean
grain size fraction (0.2 to 0.6 mm). However, a major

drawback of the miscibility gap 1s, on the one hand,

that 1ts effect 1s only sufficiently high in
combination with a TSR component, such as for example
magnesia 1in chrome magnesia bricks or chrome ore 1n

magnesia chrome bricks, 1f, on the other hand, when

using the miscibility gap 1t 1s also 1mpossible to
achieve an optimum grain packing density as 1s desired
in order to achieve a high resistance to 1nfiltration

with respect to slags. Furthermore, with regard to the

addition of chrome ore (e.g. Harders/Kienow, page 754),
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the quantity of chrome ore and the optimum grain size
fraction of the chrome ore have been defined. To
achieve a sufficlent TSR, quantities of chrome ore of
between 15 and 30% by weight have been recognized to be
suitable. The elasticizing action of the chrome ore in
shaped bodies based on magnesilia Was hitherto
unequalled. However, decisive drawbacks of the use of
chrome ore as an elasticizer (TSR component) are that
material fatigue occurs when the kiln or furnace
atmosphere changes, and that the chromium oxide, which
1s present 1in trivalent form in the chrome ore, is
converted by oxidation under the action of alkalis into
toxic hexavalent chromium oxlide, with all the
associated problems 1in terms of safety at work and

disposal.

It 1is known from Austrian patent AT 158208 to add
alumina powder, corundum and aluminum powder to
magnesia bricks 1n order to 1improve the TSR, spinel
(Mg0-A1,03) being formed in situ during brick firing.
The spinel formed 1s concentrated 1n the matrix
material, which surrounds the resistor grains, and 1is
in some cases not fully reacted, so that 1n the event
of such bricks being attacked by slags, the matrix,
which 1s of crucial importance for the strength, 1is
preferentially destroyed. Furthermore, the improvement
in TSR which can be achieved 1s limited, since the
proportion of Al;03 required to achieve a decisive
improvement would have to be well over 8% by weight. On
account of the excessive growth of the DPpricks as a
result of an increase in volume i1in the matrix, however,
this 1is 1mpossible, since otherwise the dimensional

accuracy and mechanical strength become 1insufficient

and the porosity becomes excessive.

It has been possible to considerably 1improve both the
TSR and the chemicals resistance of magnesia bricks by

adding pre-synthesized magnesium-aluminum spilnel 1in the
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form of sintered or fused spinel, the quantities added usually

being between 15 and 25% by weight.

Furthermore, DE 44 03 869 Cl has disclosed a refractory ceramic
batch which, as carrier of the refractory gquality, substantially
contains sintered MgO, with a spinel of the hercynite type belng
used as elasticilzer. However, 1ts resistance to basic slags 1s

1nadequate.

It 1s an object of the invention to provide a synthetic,

refractory material for a refractory product which reliably
elasticizes the product and has a high corrosion resistance 1n

particular with respect to basic compounds.

The object 1s achieved by a material which is a pleonaste and/or a

spinel of the pleonaste type which, 1n addition to FeO, and Al,Os3,

also includes MgO, the ratio of the 1ron, calculated as Fe;03;:A1,0;

ranging from 30:70 to 60:40, and the material contalning from 20

to 60% by mass of MgO, based on Fe,O05 + Al,05.

It is further object of the 1invention to provide a process for

producing a product using the material.

This object is achieved by a process for producing a refractory

product using the material, wherein the material, as a solidified

fused product or as a sintered product, 1s commlnuted and 1s

prepared by classifying into grain sizes, the material belng mixed

with a refractory, mineral, metal-oxide resistor.

Advantageous refinements are characterized 1n the respectilve

dependent subclaims.

p—

The invention is explained by way of example with reference to a

drawing, the only figure i1in which shows the ternary system FeO,,
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Al,03, MgO, with the composition field 1 of the material according

P

to the 1nvention of the pleonaste type being 1illustrated 1n

hatched form i1n the ternary system.

o The material of the pleonaste type according to the 1invention,

given an MgO content of 20 to 50%, has an Al,03-FeO, ratio of 70:30

to 40:60 The material according to the 1invention used 1s 1n
particular even pleonaste 1tself. According to Matthes, S.,
Mineralogle

10
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[Mineralogy], Springer Verlag, Berlin Heidelberg New
York Tokyo 1983, p. 68, pleonaste 1s a solid solution

of the composition (Mg, Fe‘') (AL, Fe3+)204.

Surprisingly, it has been found that the pleonastic
material or material of the pleonaste type according to
the invention, 1in particular pleonaste 1itself and in

particular 1in the case of refractory shaped bodies

which contain MgO as resistor, given a high
elasticizing of the MgO, results 1in a significant
improvement to the corrosion behavior of a product
produced from MgO and pleonaste. On account of the MgO
content of the pleonaste of 20 to 50% MgO, pleonaste 1is
chemically and mineralogilcally close to the resistor
MgC. Usually, a mineralogical and chemlcal closeness of
this nature between the material which acts as the
elasticizer and the resistor reduces the elasticizing,
since, in particular, the thermal expansion of the
resistor and of the elasticizer are similar. In the
material according to the 1invention pleonaste co¢r
material of the pleconaste type, the elasticizing action
of the material 1s surprisingly not reduced compared tc
a pure FeO4/Al,0; spinel. However, compared to materials
which do not contain Mg0O, 1t 1s possible to obtain a
very much higher chemicals resistance, 1n particular
corrosion resistance  with respect to basic, in
particular calcium silicate compounds, which cannot be

achieved with comparable FeO4/Al,03 spinels.

The increased thermochemical resistance can be proved
by means of a heating microscope. To obtain practically
relevant results with regard to the corrosion behavior,
substrates were produced from hercynite (FeAl;04) and
the material of the pleonaste type, which contained 20,
35 and 50% of MgO. The pleonaste material 1s produced
by melting in an arc furnace at a temperature of
approx. 2000°C, the pleonastic material being produced
from the respective oxide raw materials aluminum oxide,

iron oxide and magnesium oxide. The starting substances
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used were in particular alumina, magnetite and caustic

magnesia. After cooling, substrates with dlimensions of

10 x 10 x 3 mm were cut from the pleonastic material,

and their behavior with respect to calcium silicate
compounds was examined. Various cement clinkers, namely

Portland cement clinker, white cement c¢linker and

clinker of a sulfate-resistant cement, were used as
reference substance for calcium silicate compounds,

which can also occur in the steel 1ndustry as slags.

A shaped cylindrical specimen with a height of 3 mm and
a diameter of 3 mm, respectively comprising Portland
cement clinker, white cement clinker or clinker of a
sulfate-resistant cement, 1s placed onto the substrates
and introduced into the heating microscope. This 1is
heated until the substrate 1s corroded by the cement
clinker. The corrosion temperature corresponds to the
first occurrence of a reaction or melting 1n the
boundary between substrate and cement clinker. The

corresponding values are given in the table below:

Table 1: Dependency of the corrosion temperature of

hercynite or pleonaste on the MgO content

||

F

—

Sulfate- Portland White
resistant cement cement
. Jcement I |
Hercynite 1370°C 1305°C 1360°C
(0 MgO) o _
Pleonaste 1405°C 1350°C 1400°C
| (20% MgO) B B )
| Pleonaste 1420°C 1380°C 1415°C
(35 MgO) | ] _
Pleonaste 1470°C 1400°C 1450°C
(50% MgO)

wtms whe ‘e

It can be seen from the table that, as the MgO content
in the pleonaste material increases, the corrosion

temperature rises drastically and it 1s possible to
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reach values which are up to around 100°C higher than

the corrosion temperature when using hercynite. Since

th
rises as the MgO content 1ncreases,
contains the material of this type 1s also considerably

c corrosion temperature of the pleonaste material

.

a shaped body which

more resistant to corrosion than a shaped body which

contains hercynite.

the corrosion-resistant

The action of

material according to the invention 1s explained on the

elasticlzing
basis of the followlng example:

Magnesia with a maximum grain size of 4 mm and a grain

size distribution corresponding to a typical Fuller

curve 1is mixed with 15% of pleonaste and then with the

required quantity of 1lignin sulfate as temporary
binder. Then, the batch obtained 1n this way 1is
compressed under a speclfic pressure of 130 MPa. After
drying, the shaped body 1is fired at a sintering

temperature of 1450°C.

The properties achleved are 1listed 1in the following

Table 2.
Table 2
Magnesia | Magnesia Magnesia { Magnesia Magnesia Magnesia
brick chromite spinel pleconaste pleonaste pleconaste
| brick brick (with 20% | (with 35% |(with 50%
of MgO lof MgO of Mgo
| in the tin the Iin the
I ~ r | pleonaste) 11__-;31e’:c:~r1aste) plecnaste) ’
Apparent 2.93 2.94 2.92 Z2.93 2.91 2.92
! i I
density | I |
. g/cm’ ] i
Porosity 16.7 16.8 16.6 17.1 17.4 16.9
|
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Magnesia Magnesia Magnesia Magnesia Magnesia Magnesia
brick chromite spinel pleonaste pleonaste pleconaste
brick ibrick (with 20% (with 35% (with 50%
| Iof MgO of MgO of MgO
| in the in the in the
_ | pleonaste) pleonaste) pleonaste)
Modulus 81.6 2?.4 l 25.3 | 25.1 26.8 28.6
of elas- | l
ticity | !
GPa
Cold 83.0 | 72.3 68.1 | 69.5 60.6 75.4 |
compres- | | q
sion i
strength { .

MPa

s o |>a00 |00 |>100 | >0
10 'c | 1e00 | 1530 s0e | 1si0 | 1ss:

In the table, a comparative brick comprising magnesia

which does not contain any material according to the
invention, a magnesla chromite brick, which contains
chrome ore as elasticizer, and a magnesia spinel brick,
which contailns magnesia aluminum spinel as elasticizer,
are compared with magneslia pleonaste shaped bodies
according to the 1invention, the pleonaste material
according to the invention containing 20, 35 and 50% of
MgO. The Ty value 1s determined 1n accordance with DIN
51 053, Part 1, and 1s the temperature at which the

maximum expansion Dpay OcCcurs. Accordingly, this is the

temperature of the maximum of the height
change/temperature curve given in Figure 1 of
DIN 51 053.

Compared to the magnesia brick, 1t can be seen that the
modulus of elasticity can be very effectively reduced,
by adding the material according tc the i1nvention, into
a range which corresponds to that of the magnesia
chromite brick. When using a pleonaste containing <20%

by MgO, the values are even slightly better than when
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using a magnesia spinel brick. It 1s notable that, at a
very high cold compression strength of 75 MPa 1in a
magnesia pleonaste brick containing 50% of MgO in the
pleonaste material, it 1s possible to achieve a high
thermal shock resistance 1n combination with a
relatively low modulus of elasticity. Furthermore, with
a magnesia pleonaste brick of this type, 1t is possible
to achieve a good Ty value 1n the softening-under-load
test, while at the same time the very high corrosion

resistance which has already been presented 1n Table 1

1S achieved.

Naturally, the moduli o©f elasticity of the shaped
bodies can be varied within different limits which are
matched to the particular requirements by varying the
addition of the pleocnaste material or pleonastic
material according to the invention. Furthermore, 1t 1is
possible Ito add pleonaste to sintered magnesia of
varying provenance. Furthermore, the inventive
elasticizer pleonaste can also be used to elasticize

fused magnesia or shaped Dbodies with completely

different resistors.

Furthermore, the material can be used as elasticizer 1in
the form of a mix comprising the pleoconastic material

and other known elasticizers, 1n particular magnesium-

aluminum spinel.

In the material according to the 1invention and products
produced therefrom, it 1s advantageous that, given the
same elasticizing <capacity as that achieved with
conventional elasticizers, a considerably greater
corrosion resistance, 1n particular with respect to
basic slags, 1s achieved. A further advantage 1s that,
in particular resistors based on periclase (MgO) are
not attacked by the inventive pleonastic material by

diffusion 1in the microstructure 1n the way which

occurs, for example, when hercynite 1s used.
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Claims:

A material for refractory shaped bodies or compounds,

the material Dbeing a pleonaste, a spinel of the

pleonaste-type, or a combination thereof, the material

including a FeOx, Al,03, and MgO, the material having a

P

ratio of 1ron (calculated as Fey03 :A1,03 ranging from

30:70 to 60:40 and containing from 20 to 60% by mass of
MgO based on Fe O3 + Al,03.

The material as claimed in claim 1, wherein the spinel

of the pleonaste-type 1s a fused synthetic spinel

formed from the raw materials magnesia, alumina and

lron compounds.

The material as claimed in claim 2, wherein the iron

compound 1s an 1ron oxide.

The material as claimed in claim 3, wherein the iron

oxide 1s magnetite.

The material as claimed in claim 1, wherein the spinel

of the pleonaste-type 1is synthetic and sintered from

the raw materials magnesia, alumina, and magnetite.

The material as claimed in claim 1, wherein the MgO

content in the material 1S increased within the

-

specified limits of claim 1 at the expense of Fe,03 .

pr—
M

Al,03 to control a corrosion temperature of the

material.
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A process for producing a refractory product using the

P

material as c¢laimed 1n any one of <claims 1 to 6,

whereilin

= the material 1s produced by fusion or a

sinter process and solidified,

- the solidified material 1s commlinuted and

prepared by classifying 1nto selected grain sizes, and

= the <classified grain sizes are mixed with. a

refractory, milneral, metal-oxide resistor to produce

the refractory product.

The process as claimed 1n claim 7, wherein the resistor

contains MgO.

The process as claimed 1n claim 7 or 8, wherein the

resistor contains Al,03 or doloma.

The process as claimed 1n any one of claims 7 to 9,

whereln the resistor 1s fused magnesia, sintered

magnesia or a combilnation thereof.

—
—

The process as claimed 1n any one of claims 7 to 10,

wherein a maximum grain si1ze of the resistor is 4 mm,

the resistor having a grain size distribution

corresponding to a typical Fuller curve, the resistor

pbeing mixed with 3 to 50% of the material.

The process as claimed 1n claim 11, wherein the

resistor 1s mixed with 5 to 20% of the material.
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The process as claimed 1n c¢laim 12, wherein the

g

resistor 1s mixed with 8 to 16% of the material.

The process as claimed 1in any one of claims 11 to 13

further comprising:

A

mixing the refractory product with a quantity of

lignin sulfonate as a temporary binder.

The process as claimed 1n claim 14 further comprising:

compressing the temporary binder containing-

P

refractory product under a specific pressure of >50 MPa

to form a shaped body.

The process as claimed 1n claim 15, wherein the

pressure 1s 100 to 200 MPa.

The process as claimed 1in c¢laim 15 or 16 further

comprising drying the shaped body.

The process as claimed 1n any one of claims 15 to 17

further comprising firing the shaped body at a

P

sintering temperature of >1000° C.

The process as claimed 1n claim 18, wherein the

sintering temperature is 1200 to 1700°C.

The process as claimed 1n c¢laim 19, wherein the

sintering temperature is 1350 to 1600°C.
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MgO-FeOx-Al;03 system
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