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Freiberg Refractories Symposium 2016

ince 2014 the Freiberg Refractories Symposium has been a fix-
ture in the diary of the refractories industry. Thanks to cooperation
between the German Ceramic Society — DKG, Freiberg University
of Mining and Technology/DE, RWTH University of Aachen/DE and
the refractories company Rath AG/AT, the Symposium went into its
second round with the red-hot topic of “Corrosion of refractories in
furnace engineering and high-temperature installations” on 21-23
November 2016. Andreas Pfneiszl, Director at Rath AG, Prof. Dr Chris-
tos G. Aneziris, DKG/DGM Joint Committee on Refractories, and Dr
Volker Uhlig, who heads the DKG's Technical Committee 3 on Ther-
mal Processes, welcomed over 100 attendees to the opening of the

Symposium at Tivoli in Freiberg.

Papers

In his paper, Prof. Dr Wolfgang Leisenberg
(Mittelhessen University of Applied Scienc-
es, Innovatherm Butzbach/DE) addressed
Energy Policy between Wishful Think-
ing and Reality. The ceramics industry and
especially the refractories industry are en-
ergy-intensive branches. They are therefore
directly affected by statutory regulations
and energy prices. Following the resolutions
made at the climate protection conference
in Paris, in Germany, as the forerunner in
climate policy, industries with high, par-
ticularly fossil energy consumption will see
themselves confronted with ever stricter re-
quirements that may be impossible to fulfil.
The Quality of Natural Gas as an Energy
Source - Results from a Market Analy-
sis at Gas Users and Gas Suppliers was
presented by Prof. Dr Hartmut Krause (DBI
Gas- und Umwelttechnik GmbH/DE). With
the use of different and new sources of
natural gas, in the near future, fluctuations
in the quality of natural gas may occur more
frequently and noticeably.

The DVGW — Deutsche Verein des Gas- und
Wasserfaches e.V. (German Technical and
Scientific Association for Gas and Water)
together with other societies, including the
German Ceramic Society (DKG), has started
a project concerning the development of a
sustainable gas quality strategy to enable
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the safe, efficient, low-emission and cost-
effective use of gas in the future, too. In
the first phase of the project, an analysis of
gas application engineering and installation
practice in the domestic, commercial and in-
dustrial sectors was conducted on the basis
of a market survey as well as a survey of
the current supply situation in the German
natural gas distribution network.
Alkali Corrosion of Refractory Ma-
terials in Industrial Furnaces was ex-
plained by Prof. Dr Ernst Schlegel (Freiberg
University of Mining and Technology, IKGB/
DE). Potassium and sodium are contained
in practically every natural raw material.
Corrosion of refractory materials caused by
alkali compounds has always been an issue
in the high-temperature treatment of high-
alkaline products and became problematic
when furnaces were operated in counter-
flow, as a result of which the low alkaline
content of the raw materials and fuels be-
comes concentrated in the furnace (alkali
circuit). There are several basic processes of
destruction by alkalis:
o Formation of eutectic melts (flux effect)
o Chemical reactions in the solid state (al-
kali bursting)
e Chemical reactions with the formation of
gaseous substances, e.g. chlorine
e Corrosive aqueous alkaline solutions that
attack metallic components

Fig. 1 Andreas Pfneiszl, Member of the
Rath AG Board of Directors, welcoming
the attendees

e Desubliming, solid alkaline salts that dis-
place the refractory materials
e Expansion phenomena caused by alkaline
salts embedded in the pores.

Numerous examples from the ceramics,
glass and cement industries, especially with
regard to the combustion of waste-derived
fuels, were given.

The Corrosion of Refractory Materials
in Energy and Combustion Technol-
ogy was analysed by Dr Thorsten Tonnesen
(RWTH Aachen, Institute of Mineral En-
gineering/DE). A distinction is made in re-
spect of the corrosion processes especially
in areas that are designed as air-cooled,
water-cooled or thermally insulated. Param-
eters influencing the corrosion of refractory
materials include the combustion chamber
and surface temperatures, dust- and solids-
laden hot gases and slag formation from
molten ashes. In the paper, test results from
laboratory experiments and post-mortem
analyses of different industrial installations
were presented.

Dr Stefan Schaffoner (Freiberg University
of Mining and Technology, IKGB) explained
the Corrosion of Refractory Products
with Ti Melts. The corrosion behaviour of
calcium zirconate (CaZrOS) crucibles during
vacuum induction melting of highly corro-
sive titanium and titanium alloy melts was
investigated. The contamination of the cast
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Fig. 2 View into the auditorium

metal was also determined to establish
the corrosion tendency caused by different
melts. A corrosion model was presented
that explains the high corrosion resistance
of Cazr0, in contact with Ti6AI4V melts
based on in situ formation of CaO. Alloy
melts with high aluminium and titanium ac-
tivity of, however, destroy this in situ layer,
which leads to more severe corrosion of the
crucibles.

Dr Rolf Weigand (ancorro Feuerfest- und
Schmelztechnologie GmbH/DE) spoke on
the Reduction of Refractory Corrosion
in High-Temperature Processes. With
selective coating and/or impregnation of
the refractory materials, the wear caused
by aggressive melts and ambient conditions
can be reduced by up to 90 %. The technol-
ogy developed by ancorro can be applied
in all high-temperature processes inde-
pendent of the refractory materials. Typical
applications involving refractory corrosion
caused by alkaline environment. Besides
laboratory results, results of industry tests
were explained, and the applicability of the
technology was discussed.

Lise Loison (RWTH University of Aachen, In-
stitute of Mineral Engineering/DE) reported
on the Refractory Corrosion of Biomass
Combustion Installations. The chemical
composition and the properties of slags in
biomass combustion influence the efficiency
of the combustion process by reducing the
lifespan of the refractory lining. The focus
of the study results was on evaluating the
microstructural characteristics, such as phase
transformations and porosity changes.
Measures for Improvement of the
Corrosion Resistance of Refractory
Materials Based on the Example of
Al,0,-Zr0,-TiO, were presented by Dr
Patrick Gehre (Freiberg University of Mining
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and Technology, IKGB). During their applica-
tion as lining material in high-temperature
installations, refractory materials are ex-
posed to various stresses, which can have a
physical origin or are the result of chemical
corrosion. Goal of the development work
was to improve the resistance of high-ALO,
refractory materials to coal slag and in this
way to lengthen their lifetime in syngas pro-
duction plants.

Corrosion Tests on Unshaped Mixes
in Respect of Application in Stainless
Steel Sector were the subject of the paper
of Prof. Dr Wolfgang Bauer (University of
Duisburg-Essen/DE). The use of unshaped
mixes in the production of higher-alloyed
stainless steels leads, owing to the higher
temperatures, longer treatment times and
more corrosive slags in the processes, to
much higher wear and shorter lifetimes,
so that the unshaped materials used up to
now need to be optimised. The corrosion
resistance of various batches of unshaped
thixotropic and self-flowing refractory mixes
was therefore determined with the help of
different industrial and synthetic slags in
the crucible process.

Manfred Salinger (Rath Filtration GmbH/AT)
spoke on Hot Gas Filtration — Potential
Applications and Advantages of Filter
Elements Made of High-Temperature
Insulation Wool. For many years, Rath
has been developing and producing vac-
uum-formed components that are known
to exhibit excellent thermal shock resist-
ance and are therefore ideally suited for
high-temperature applications.

FILTRATH® CAT catalytically active filter
elements were developed for the simultan-
eous removal of particles, nitric oxides and
gaseous organic compounds, e.g. dioxins
from hot gases. The operating temperature
of these filter elements ranges of 250—
400 °C, the existing catalyser is adapted to
the customers’ specific operating needs. The
new filter systems are used, for example,
in glass and cement production, in sinter-
ing processes in the iron and steel industry,
in waste incineration plants, power plant
processes and furnaces as well as in the
production and regeneration of catalytic
converters.

From the Fuel through Scaling to
Corrosion Based on the Example of
Waste Incineration Plants was the title
of the paper by Dr Martin Pohl (ENVERUM

Ingenieurgesellschaft fiir Energie- und Um-
weltverfahrenstechnik mbH/DE). The paper
showed, starting from the fuel, an overview
of the release of the mineral fuel substance,
the consequently possible scaling and the
resulting effects of corrosion. Active and
passive protection measures were pre-
sented as well as possibilities for analysis of
the degree of contamination and corrosion
potential.

The Wear of SiC Materials in Waste
Incineration Plants was described by Dr
Ulrich Hohmann (Allianz Centre for Tech-
nology/DE). The unshaped SiC products and
shaped SiC boards with Si,N, bond used
in waste incineration plants are subject to
corrosive attack by the constituents of flue
gases. Generally, alkaline, alkaline earth
and zinc chloride vapours diffuse into the
porous SiC material and react with the
binding matrix. In addition, sulphatization
reactions of the chlorides have an effect on
the corrosion. In optimization processes of
the refractory systems, temperature reduc-
tion is the most important measure to sig-
nificantly lengthen service lifetime.

Werner Schonwelski (STEULER-KCH GmbH/
DE) reported on Alkali Resistance on
Fired Alumina-Containing Refractory
Bricks and Mixes. At elevated tempera-
ture, alkaline components form aggressive
media especially against alumosilicate re-
fractory linings. The influence of the anionic
content of alkali compounds (chlorides, car-
bonates, sulphates) on the corrosion of fired
bricks on the basis of chamotte, andalusite
and bauxite was analysed and the influence
of different phosphate additives on the al-
kali resistance examined.

In a second step, different alumina mixes
used in aluminium furnaces were tested
with regard to their corrosion behaviour
when exposed to alkali compounds. In the
refractories industry, the term alkali resist-
ance is not clearly defined. Besides the clas-
sical alkali bursting, thermal resistance or
thermal shock resistance may deteriorate.
A harmonization of the terms and practical
test methods would be useful.

Dr Jens Petzold (KI Keramik-Institut GmbH/
DE) addressed Oxide Ceramic Compos-
ite Materials and Their Corrosion.
Oxide fibre-reinforced ceramic composites
(Oxide Ceramic Matrix Composite — OCMC)
are being used increasingly in furnace en-
gineering, especially for special structural
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Fig. 3 The Freiberger Bergsanger, a local choral ensemble with a repertoire of traditional

miners’ songs, delighted their audience at the evening event at Tivoli

components, seals, kiln furniture or burner
nozzles. In contrast to monolithic ceramics,
which should generally be pore-free, oxide
ceramic filament composites are, depend-
ing on the production process, character-
ized by high porosity. Here the filaments
have a defined loose bond with the ceramic
matrix. Such microstructural properties
bring stress-relieving effects on which the
damage-tolerant behaviour is based. Most
OCMCs are based on corundum or mullite
filaments and a suitable oxide ceramic mat-
rix. Excessive chemical, thermal or mechan-
ical attack, however, leads to destruction.
This is the case, for example, when they are
exposed to hydrochloricacid, NaCl, tempera-
tures above 1350 °C and tensile stresses
>2000 MPa.

Dr Mathias Klinger (Freiberg University of
Mining and Technology, Institute of Energy
Process Engineering/DE) looked at Cor-
rosion Mechanisms during Attack
of Acid and Basic Slags on a Newly
Developed AlLO,-Based Refractory
Material. In an earlier study, various
chromium-free refractories for possible
application in gasifiers were developed
and tested in the laboratory. It was shown
that an Al,0,-based material with added
2,5mass-% TiO, exhibits equally good
corrosion resistance to coal slag as a high-
chromium  brick. The corrosion tests and
mechanisms of this material were described
in detail. The findings could be used in fu-
ture for better development and selection
of suitable refractory lining for gasification.
The Characterization of Materials at
High and Ultrahigh Temperatures was
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addressed by Dr Uwe Lohse (XERION AD-
VANCED HEATING Ofentechnik GmbH/DE).
There is considerable motivation to know
the behaviour of material at high and ultra-
high temperatures. In most gases exposure
to temperature is not all, other chemical and
physical factors must also be considered.
These can be: gaseous and liquid media,
especially corrosive gases and melts; tensile
and compressive stresses as well as mag-
netic fields. Presented was the resistive,
inductive and radiative heating of samples.
Connection to testing machines and other
peripheral devices therefore requires special
consideration as often conflicting require-
ments result. For the measurement of the
properties, in situ and ex situ methods are
applied.

Tests of Corrosion Processes on Fur-
nace Engineering Materials in Labo-
ratory Tests and with Thermodynamic
Calculations were discussed by Dr Volker
Uhlig (Freiberg University of Mining, Insti-
tute of Thermal Engineering and Thermo-
dynamics). Corrosion processes in industrial
furnaces are caused by the complex stresses
on the materials caused by the thermo-
dynamic conditions, contact with other
chemical compounds and the properties of
the material itself. These processes were sim-
ulated in laboratory equipment by means of
model cycles. An analysis of the gas atmos-
phere leaving the furnace or the residual gas
in vacuum processes enables conclusions to
be made regarding the reactions in the fur-
nace. Current works concern the corrosion of
heat exchangers and regenerators in burners
with integrated air preheating.

Alkali Corrosion in Refractory Linings
of Industrial Furnaces was the subject
addressed by Ernst-Georg Hartung (Ried-
hammer GmbH/DE). When alkalis infiltrate
into the refractory lining, they react with the
matrix and the aggregates and, with alu-
mina and silicic acid, they form new mineral
phases with very low melting points. This re-
action is associated with volume expansion
that can lead to spalling and destruction of
the lining.

The destruction can take place within just
a few weeks in the case of relatively high
concentrations and occurs in continuous
furnaces even at comparatively low al-
kali concentration so that the wear effect
is often underestimated. For this reason,
it is extremely important in the design
of the furnace lining to make appropri-
ate provision for this in order to minimize
the corrosion effect by selecting the right
lining.

In the closing paper, Dr Karsten Zolldann
(Rath AG/AT) spoke on Experience with
the Use of Refractories in Human and
Domestic Pet Crematoriums. In crema-
tion furnaces, in the prevailing tempera-
tures, the refractories used are subject to
a very high exposure to concentrations of
noxious substances primarily in the crude
gas. Laboratory results based on standard-
ized test methods do not always deliver reli-
able forecasts with regard to the suitability
of refractory material for use. Surprising re-
sults were possible in both directions. The
limits of the suitability for use of normal
SiC material on the one hand and primar-
ily the surprisingly positive experience with
corundum-containing fibre materials were
presented.

Worth mentioning, besides the excel-
lent hospitality of the organizers at Tivoli
Freiberg is the evening programme in St
Nicolas’ Church with “Stories from the time
of German Reunification with accompany-
ing music” as well as the interesting tours
of the Institute of Thermal Engineering and
Thermodynamics, Institute of Energy Pro-
cess Engineering and the Terra Mineralia in
Freudenstein Castle. The fascinating confer-
ence programme with the expert talks on
analysis of refractory corrosion from the
perspective of research, production and
application engineering with reference to
practical aspects were framed by stimulat-
ing discussions. MM
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