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Lowering of the Refractory Corrosion
in High-temperature Processes
R. Weigand, H. Hessenkemper, A.-K. Rössel, D. Tritschel

Corrosion of refractories is a problem in any kind of high-temperature

process. Since 2008, a new technology for reducing refractory corrosion
has been developed at TU Bergakademie Freiberg/DE. With this surfacetreatment technology, wear of refractories has been reduced by up to
90 %. In a range of laboratory tests with different kinds of refractory
and melt (e.g. finger tests, crucible tests), the effects of the technology
were observed. The reason for the reduced interaction between the re
fractory material and melt was the change in the surface tension and
viscosity of the melt in the boundary layer via treatment of the bricks.
The different treatments can be used on every kind of porous refractory
brick, regardless of manufacturer. After using the surface treatment
technology for porous refractories, the bricks show the same corrosion
behavior as fused cast bricks. After a range of industrial tests, the re
sults at laboratory scale were confirmed, resulting in considerable sav
ings for operators of high-temperature plants.

1 Introduction
Today, high-temperature processes are be
coming ever more complex and require high
production standards to ensure successful
processing. Temperature ranges of up to
1500 °C, continuous 24-hour melting cycles
run over periods of 10 or more years, and
corrosive attack by glass melts on refrac
tories are normal in industrial plants. Due to
the wetting and infiltration of porous refrac
tories by glass melts, such refractories are
exposed to continuous dissolution. The
costly results of these effects during produc
tion are inclusions, blisters, and cat scratch
es in the final glass product, as well as
costly production downtime during the re
placement of the corroded components. For
this reason it became necessary to develop
technologies to reduce the interaction of
porous refractories and glass melts. In the
past, many technologies e.g. platinum coat
ing [1–2] were investigated: however, these
techniques were not economical enough for
industrial-scale glass production, and did
not become established. To solve such prob
lems, a surface-treatment technology for
increasing the service life of refractories was
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developed in 2008 at the Institute of Cer
amic, Glass and Construction Materials at
TU Bergakademie Freiberg. The surface
treatment technology lowers the interaction
process between glass melt and refractory
by up to 90 % [3–5].

2 Surface-treatment technology
The surface-treatment technology refers to
a deposition of materials or metal oxides
with a high standard electron potential in
the pores of the refractory. After the dissolu
tion of the materials and metal oxides in the
defined liquids, the refractory samples were
impregnated for up to 30 min. After a drying
process for 1 h at 100 °C, the samples were
heated up to 1000 °C at a rate of 5 K/min
and hold a maximum period of 3 h. During
this temperature cycle, the deposition was
realized in the porous structure of the
bricks. The result of the treatment was a socalled oxygen depression in the pores of the
brick.
Due to the positive results in creating an
oxygen depression in porous refractories,
the surface-treatment technologies were
optimized step by step over time. Today,
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over 30 different solutions can be used for
the treatment. The aim was the reduction of
the interaction of refractory and glass melt
by using a technology that could be applied
to every refractory material for high-tem
perature processes. After the first tests on
fireclay, where a corrosion reduction of
20 % was detected, the surface-treatment
technology was scaled up for industrial
bricks from the mass glass industry. A re
duction in refractory corrosion of up to
90 % and the amelioration of the crystalli
zation behavior of the glass were observed
[5]. Typical refractory bricks were tested,
e.g. corundum and zirconium-corundum.
Using the surface-treatment technology for
the refractory bricks resulted in strong and
wear-resistant refractory components on a
par with fused cast products [Fig. 1].
Tests of refractory components in the glass
industry at industrial scale confirmed the
results in the laboratory. Service life was in
creased by up to 50 %, and typical prob
lems after the replacement of the compon
ents like blistering were reduced by up to
95 %. In addition, the problem of crystalli
zation at the orifice ring (which results in
increased production downtimes) was re
solved. With the treated orifice ring, crystal
lization was prevented for over 2 weeks – a
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3 Mechanism of the technology

4 Calculation of the corrosion
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content, a reduction of the Na2O content in
the batch can be realized. Over 80 % of the
costs for the batch are defined by the costs
for soda ash as a raw material for Na2O. Re
ducing soda ash costs leads to considerable
reductions in raw-material costs. In addition,
the thermal stress the thermal stress on the
furnace is lowered. A reduction of the tem
perature by about 100 K lowers the corro
sion rate by about 50 % [9]. Due to the fact
that the service life of the refractory material
defines the furnace campaign, a decrease in
the fining temperature of about 20 K should
increase the service life of the glass tank by
up to 10 %. Combining all the savings, up to
500 000 EUR in costs per year and furnace
can be eliminated. Approximately 1500 con
tainer glass tanks are in operation world
wide, so the potential savings for this in
dustry are huge.

6 Outlook
Further applications, e.g. the surface treat
ment of refractories for use in the ferrous
metal, nonferrous metal, and cement indus

tries are now the focus of further research.
An initial test of refractory material for the
production of aluminum lowers the infiltra
tion of the bricks by up to 30 % using the
surface-treatment technology. To bring this
technology to the market, the foundation of
an independent company is planned for
autumn 2014.
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Mineral solutions
for your refractory needs
OUR MINERAL OFFERING FOR THE
INDUSTRY INCLUDES:

LKAB Minerals offer a range of virgin and recycled refractory materials for use in
a variety of heat-resistant applications. Our layering and toll processing facilities
coupled with our extensive technical knowledge, ensures our customers receive
quality products customised to their needs. Visit www.lkabminerals.com to read
more about our minerals and applications.

Brown Fused Alumina, White Fused
Alumina, Chrome Alumina, RASC
Bauxite, Chinese Bauxites, Mulcoa,
Mullite, Sarca Chamotte, Calcined
Kaolin, Olivine, Magnesite, Magnesia,
Recycled refractory materials.

LKAB Minerals is an international industrial minerals group with a leading position in a number of product applications. We develop sustainable mineral solutions in partnership with our customers,
supplying natural minerals engineered for functionality and usability. LKAB Minerals is part of the Swedish company LKAB, one of the world’s leading producers of highly upgraded iron ore products.
www.lkabminerals.com

