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FIREPROOF CERAMIC MIX, FIREPROOF CERAMIC MOLDED BODY FORMED OF
SAID MIX AND USE THEREOQOF

Abstract

The 1nvention concerns a fireproof (refractory) ceramic mix (batch), a fireproof (refractory)

ceramic molded body (workpiece) formed of that mix and the use of the molded body.
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FIREPROOF CERAMIC MIX, FIREPROOF CERAMIC MOLDED BODY FORMED OF
SAID MIX AND USE THEREOF

Description

The invention concerns a fireproof (refractory) ceramic mix (batch), a fireproof (refractory)

ceramic molded body (workpiece) formed of that mix and the use of the molded body.

From DE 3720460 C2 a procedure for manufacturing a fired refractory magnesia brick with
forsteritic matrix is known, which brick comprises 15 to 30% by weight of zircon mineral
(ZrSi0y). These bricks have largely proven their worth. They are used for example in form of so
called checker bricks (hollow cylindrical brick) in regenerated checker works of glass melting
furnaces. Their corrosion resistance as well as the resistance at a change of temperature and

thermoshock, particularly in a longterm application of the bricks (> 10 years) is improvable.

Furthermore the zircon mineral is expansive.

From DE 2308171 A bricks for the lining of glass melting tubs are known, that are
manufactured from olivine and sintered MgO and from olivine and MgOAl,0; (MA) fused
spinel respectively. These bricks show sufficient corrosion resistance under ordinary
operating conditions, but fail at peak temperatures from > 1200°C and are therefore

insufficient for an application in regenerated checker works of glass melting furnaces.

DE 102006007781 Al describes a refractory batch (mix) with an alkaline main component
based on MgO or MgO/CaO, where the term main component i1s defined as the batch (mix)
containing over 60% by weight of the main component. The remaining batch components
consist of a forsterite material or a mixture that forms forsterite. From this batch (mix)
refractory bricks are obtained after firing, that can be used for example in rotary kilns for
cement manufacture or in lime shaft kilns. It is emphasized that these bricks show a good
resistance against siliceous melting phases, which originate from the material being fired and

showing durable crust formation on the refractory lining, particularly in parts of rotary kilns.

The object of the invention is to offer a batch for manufacturing of a ceramic
workpiece, that is refractory when used, which may be installed preferably in the upper or
middle checker work section of a regenerated checker work of a glass melting furnace as well

as in the section of the impact
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wall (baffle plate) in the entry section of the checker work and is characterised by a good

thermal conductivity, heat storage capacity and corrosion resistance.

The batch which meets these requirements consists according to the invention of:

- 30 to 95% by weight of a synthetically manufactured fine component of fused

forsterite with a grain size < 1mm,

- 5 to 70% by weight of at least one coarse component of the group: sintered MgO,
fused magnesia, with a grain size > Imm,

- up to 5% by weight of a sintering aid,

- not more than 5% by weight of at least one other component.

The outstanding corrosion resistance of bricks which are manufactured from this batch are
particularly caused by the fused forsterite as fine component. The fraction of fused forsterite
can therefore be well over the lower limit of 30% by weight based on the entire batch, for
example with a lower limit of 40, 55, 65, 75 or 85% by weight. Accordingly the fraction of

particularly the coarse component reduces, so that all batch components sum up to 100% by

weight.

According to one embodiment the fraction of the fine component (fused forsterite) amounts to

between 32 and 45% by weight, the coarse component between 55 and 68% by weight.

Bricks that are manufactured from a batch, where the mass fraction of fine component is
bigger than the mass fraction of coarse component, show a particularly good corrosion
resistance. In that respect the ratio of fine component/coarse component can for example
amount 80/20, 85/15, 90/10 or 95/5. Here the fraction of sintering aid and eventual other

components were not taken into account. Their fraction reduces the mass fraction of the fine

and coarse components respectively.

The tused forsterite of the fine component can entirely or partly be replaced by sintered

forsterite.

As other component for example sintered forsterite can be applied.
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The synthesised forsterite component(s) has (have) the essential advantage to be mostly free
of iron oxide (FeO/Fe,0;). Another advantage, for example compared to forsterite formed 1n
situ, is that a higher mass fraction in the workpiece can be obtained, because the formation of

forsterite in situ is accompanied by an volume increase. This distinguishes the synthetically

manufactured fine component from natural olivine (same composition), which always has a
fraction FeO/Fe;Os of at least 3% by weight based on the corresponding component. The
fraction of iron oxide (ferrous and ferric oxide) is sometimes largely greater. Fractions of iron
oxide (ferrous and ferric oxide) worsen the creep in compression (according to DIN EN 993-9).
Therefore according to one embodiment the batch should have a fraction of not more than
1.0% by weight of FeO + Fe,03, preferably < 0.5% by weight, at best 0% by weight. The

phase diagramm of Mg;Si0Os — Fe;SiO4 confirms the higher refractoriness of magnesia-

silicates with low iron oxide (ferrous and ferric oxide) content.

Further optimisations concerning corrosion behavior arise from restricting the CaO content to

< 2% by weight. This requires applying more or less pure MgO material as coarse component.

Furthermore the content of ZrO,/ZrSi04 should be as low as possible, preferably < 0.5% by
weight based on the entire batch. Batches and workpieces which contain no ZrO,/ZrS10, are
preferred. By not using Zr0,/ZrSiO4 the workpiece can be fired more easily from the batch

and the corrosion resistance at reducing conditions and alkaline attack will improve.

The fine component can be present in a grain size of < 0.7 mm, but can also be significantly

finer, for example < 100 um.

The coarse component has typically a grain size of up to 5 or up to 8 mm.

As sintering aid for example a clay suspension (slurry) is suited.

From the batch which has a total share of FeO, Fe,Os3, ZrO,, ZrSi10, of < 0.5% by weight in
one embodiment, a refractory ceramic workpiece can be manufactured by forming and

subsequent firing at temperatures over 1500°C, where the coarse component is embedded

insular in the forsterite martix.
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For workpieces according to the invention following exemplary values for the refractoriness

under load (DE) according to DIN-EN 993-8 and creep in compression (DF) according to
DIN EN 993-9 were determined:

DE: T¢=1590"C
Tos= 1660°C

DF:  Height change of the sample of +/- 0.1 and +/- 0.2 linear-% for 5-25h at a temperature
of 1500°C with a heat rate of SK/minute and a superimposed load of 0.2 MPa.

A microsection of the workpiece according to the invention is illustrated in Figure 1. (1)

indicates MgO grains which are embedded insular in the forsterite matrix (2).

Workpieces according to the invention have a good corrosion resistance towards sulfates as
well as towards alkaline species in the exhaust gas, which in particular occur in the middle
section of the regenerated checker work of a glass melting furnace (also called condensation
zone). The declaration ,,middle section” refers to a view in vertical direction, which means the
checker work has a section above this middle section and a section below this middle section.
The exhaust gas which can contain solids like SiO, and/or CaQ, is guided from an associated
glass tub, across the upper checker work section through the middle section into the
lower section of the checker work. The temperatures in the upper section of the checker work
are particularly high and can reach up to 1500°C. In the middle section of the chamber the
temperature load (thermal stress) caused by the exhaust gas is still at about 1000°C, while the

temperature in the chamber at the lower section of the checker work is 800°C and below.

The workpieces show a high corrosion resistance also towards SiO, dust which reaches the

hot section of the impact wall (baffle plate) and the upper section of the checker work of a

regenerated checker work of a glass melting furnace from the section ot a glass tub.

The coarse component includes magnesia in form of fused or sintered magnesia, with typical

MgO contents from 85 to 99% by mass, preferably over 95% by mass.

For the manufacturing of the batch component magnesia and silica sand (quartz sand) can be

used (besides the sintering aid and any other minor ingredients).
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In the following some raw material blends (batches) are listed exemplary:

Example
1 2 |3 4 5 1
fused forsterite < 0.7 mm 35 33 70 | 65 935
sintered forsterite < 1.0 mm 1 L5
sintered magnesia (1-5 mm) 64 | 11 34
fusedtrﬁ'agnesizi (11-6 mm) 42 11 I 3 -
sinzering aid (< 0.05 mm) 1 12 3 ~+1 12
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Claims

Refractory ceramic batch made of:
a) 30 to 95% by mass of a synthetically manufactured fine component from fused
forsterite in a grain size < 1 mm,
b) 5 to 70% by mass of at least one coarse component from the group: sintered
magnesia, fused magnesia in a grain size > 1 mm,
¢) up to 5% by mass of a sintering aid,
d) not more than 5% by mass of at least one other component

wherein the components a) to d) sum up to 100% by mass.

Batch according to claim 1 with a fraction of the fine component between 32 and 50%

by mass.

. Batch according to claim 1 with a fraction of the coarse component between 50 and

68% by mass.

Batch according to claim 1 in which the mass fraction of fine component 1s bigger

than the mass fraction of coarse component.

Batch according to claim 1 wherein the fine component at least partly 1s replaced by

sintered forsterite.

Batch according to claim 1 wherein the proportion (amount) of FeO + Fe, O3 amounts

to < 1% by mass.

Batch according to claim 1 wherein the content of CaO amounts to < 2% by mass.

Batch according to claim 1 wherein the content of Zr0Q,/ZrSiO4 amounts to < 0.5% by

Inass.

Batch according to claim 1 wherein the total content of FeQ, Fe,Oj3, ZrO,, and ZrSiOy

amounts to < 0.5% by mass.
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10. Refractory ceramic workpiece manufactured from a batch according to claims 1 to 9

by forming and subsequent firing at temperatures over 1500°C, where the coarse

component 1s embedded insular in the forsterite martix.

1. Use of a fired refractory ceramic workpiece according to claim 10 as a checker

brick 1n regenerated checker works of glass melting furnaces.
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