











consumption are evaluated constantly to
monitor and measure energy-related per-
formance and to determine system-inter-
nal Energy Performance Indicators (EnPl).
The indicators represent a quantitative
metric.

tionating the technologically relevant par-
ticles of Eisenberger Luting Sand led to an
effective improvement in energy-related
performance and thus to a cost-optimised
discharge of the company's own alumino-
silicate raw materials.

improvement of the material flow by
currently 1000 kg per day of the tech-
nologically most important fraction, the
Al-Si gel phase-enriched, highly reactive
key raw material. The improvements in
the EnPl compared to the initial period in

From September 2017, optimisation meas- ~ The optimisation measures addition- 2017 is mapped today in a larger two-digit
ures on the processes for drying and frac-  ally brought about the quantitative  range.
Case A No reaction/infiltration
Case B Infiltration, but no degrading reaction
Case C Reaction to dense, protective layer
Case D Melt solidification in the refractory material
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Fig. 3 d Outline of material exposure: Case D

Fig. 3 e Outline of material exposure: Case E

Fig. 3 f Outline of material exposure: Case F
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5 Corrosion — a brief excursus:
impacts on refractory ceramics

This compact excursus, which is based on
the presentations in [5], is intended to il-
lustrate an important factor of extrinsic-
ally induced effects by means of selected
examples. In the present context, the fre-
quently observed corrosion of refractory
materials is considered. Using a simple par-
ameter representation of reaction versus
infiltration, six typical cases of corrosion are
outlined (Figs. 3 a—f).

Case A — no reaction/infiltration

None of the parameters deviates from its
zero point. Both a potentially corrosive
medium and the refractory ceramic do not
interact in a macroscopically visible way
(Fig. 3 a).

Case B —infiltration, but no degrading
reaction

Almost the only parameter that deviates
from its zero point is infiltration. A potential-
ly corrosive medium enters into macroscop-
ically visible interaction with the refractory

ceramic, but without causing any damage
toit.

The infiltration shown remains in principle
without effects, which ideally also extends
to the thermal stress states of the refractory
ceramic. This assumes that both the thermal
expansion coefficient and the density of the
infiltrated corrosion medium and the refrac-
tory ceramic are very similar (Fig. 3 b).
Case C —reaction to dense, protective
layer

Almost exclusively the reaction parameter
deviates from its zero point. A potentially
corrosive medium enters into macroscopic-
ally visible interaction with the refractory
ceramic, but without damaging it. The re-
action shown causes a protective layer to
form on the near-surface area of the refrac-
tory ceramic, which protects it from further
corrosive effects. Prominent examples of the
phenomenon known as passivation are also
aluminium oxide on aluminium or silicon di-
oxide on silicon carbide (passive oxidation).
If the coefficient of thermal expansion of

* Improvement of the
microstructure

* Lowering the number of
interconnected pores

e Reduction of the pore size

* Modification & in situ alteration
of the wetting properties

i Metallurgy

Influencing the reaction phases
Affecting the corrosive potential
Change in wetting properties

Raising the viscosity of the melt

Fig. 4 Synopsis to improve the corrosion resistance. Editorial and documental revised

excerpt from [7]

the reaction layer is similar to that of the
refractory ceramic, induced spalling of the
reaction layer is to be expected (Fig. 3 c).
Case D — melt solidification in the re-
fractory material

Both reaction and infiltration deviate from
their zero point. A potentially corrosive
medium enters into macroscopically vis-
ible interaction with the refractory ceramic
and damages it. The infiltration shown does
not remain without effects and, as is to be
expected, will initially degenerate matrix
constituents of the refractory ceramic. If the
viscosity of the molten corrosion medium
is increased, the corrosion process can be
stopped (Fig. 3 d).

Case E - infiltration and reaction to
new phases

Both reaction and infiltration deviate inten-
sively from their zero point. A potentially
corrosive medium interacts with the refrac-
tory ceramic in a macroscopically visible way
and damages it. The infiltration shown does
not remain without effects and, as is to be
expected, will initially degenerate matrix
constituents of the refractory ceramic. New
phases are formed from the reactants cor-
rosion medium and refractory ceramic. The
similarity of the values of the thermal ex-
pansion coefficient and density of a respect-
ive reaction phase with those of the refrac-
tory ceramic is questionable. This can lead to
a general reduction in the thermodynamic
stability of the refractory ceramic, accom-
panied by a deterioration in thermal shock
behaviour and structural fatigue (weaken-
ing of the microstructure; Fig. 3 e).

Case F — disintegration/destruction
Both reaction and infiltration deviate max-
imally from their zero point. A potentially

Visualisation of corrosive influence of slag
on refractory ceramic via corrosion tests
under static conditions with typical,
operationally related parameters, cf.
temperature and atmosphere.

Standard system versus functionalized
system
Refractory shows time-dependent

which in the direct
contact zone between refractory ceramic
and slag indicate a partial disintegration of
the microstructure, obviously as a function
of the substantial constitution of the
material matrix.

infiltration effects,

First cycle, 1550 °C, 5 h,
oxidizing atmosphere

Second cycle, 1550 °C, 5 h,
oxidizing atmosphere

Third cycle, 1550 °C, 5 h,
oxidizing atmosphere

Reference material
standard

Innovative
material composition

Fig. 5 Macroscopic visualisation of corrosion effects under static test conditions after different periods of exposure to treatment

16

refractories WORLDFORUM

15 (2023) [3]



corrosive medium occurs in macroscopically
visible interaction with the refractory ceram-
ic and damages it noticeably. The infiltration
shown does not remain without effects
and integrally disintegrates the refractory
ceramic via its components. New phases
are formed from the reactants corrosion
medium and refractory ceramic both in the
material volume and on its surface of the
refractory ceramic, which is manifested by
the build-up shown. The complete destruc-
tion of the refractory ceramic is initiated
(Fig. 31).

Between refractory ceramics and the en-
vironmental impact there are interacting
relationships and effects that should be in-
dividually adjustable, exemplified in Fig. 4.

6 Case studies of functionalised
refractory ceramics: examples
from everyday life in industry

The adaptive application of the Eisenberger
Luting Sand within the systems of black
ceramics is impressively demonstrated in
Fig. 5 by the example of macroscopically
appearing corrosion effects. The impact of
corrosive media is inhibited by the mechan-
ism of in situ carbonisation.

Despite the oxygen partial pressure of the
air atmosphere, this is made possible by
“aluminosilicate barrier layers”, which are
generated by essential gel phases of the Ei-
senberger Luting Sand steadily with increas-
ing temperature and assist in preventing
oxidation of the carbon contained [8]. The
integration of jelly phases of the Eisenberger
Luting Sand is not limited to black ceramics.
Primarily, the realisation of aluminosili-
cate phase components has increasingly
prevailed within a recent time interval. At
medium and high temperatures, the so-
called stimulated mullitisation supports
the matrices of white refractory ceramics.
The aim and result are generally improved
thermomechanical properties, which are
also associated with a mineralisation of
softening or plastic fine grained particles.
Some example scenarios considering the
abovementioned insights, which have their
own implications, from the typical customer
industry of innovative refractory materials
are shown in Figs. 6-9.

In 2021, EKW received an honourable men-
tion for its innovative ideas and solutions
that are becoming increasingly established
in everyday industrial life. More about the
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Crucible Inductor

Aim: Corrosion stability & Production reliability for the pressurized
casting furnace for low-pressure casting processes

Installation of vibratable
NCC to generate a
monolithic lining with
alumina-bonded Alumina
(vessel) & silica-bonded
Mullite (inductor)

Fig. 6 An insight into a case study of the iron metallurgy I: inductively operated pouring

furnace

AiM: Production reliability of transport & casting processes

Installation of vibratable
NCC to generate a
monolithic lining with
silica-bonded high purity
Mullite

Fig. 7 An insight into a case study of the iron metallurgy II: high capacity pouring ladle

for cast steel

Aim: Cost optimisation of the whole treatment & casting processes

Installation of vibratable
NCC to generate a
%% monolithic lining with
@ silica-bonded Mullite
(Chamotte)

Fig. 8 An insight into a case study of the iron metallurgy IlI: treatment ladle for ductile

cast iron

award winner in the category Special Price
Industry in moving pictures:
https://www.ekw-refractories.com/en/
news/

7 Sustainability and progress

It is to be expected that the contribution to
a viable, resource-saving implementation of
the company’s own raw materials will devel-
op into success with regard to new applica-
tions of the Eisenberger Luting Sand with its
fractionable and defined fine grain fractions
in micrometre and sub-micrometre scales.

A consideration on the subject of “efficien-
cy": discussions about the so-called Carbon

15 (2023) [3]

Leakage Regulation implies an enormous
financial burden, especially for small and
medium-sized enterprises. The trend to-
wards rising CO, costs is also getting to the
substance of historically grown companies,
which often look back on centuries-old local
traditions and have accordingly provided
jobs and are still responsible for them today.
In this context, the terms “resource protec-
tion” and “transport efficiency” may possibly
inspire and positively influence the discus-
sion about CO, pollution. By using sustain-
ably and regionally produced consumables,
and these consist of refractory ceramics, for
the operation of, for example, combustion or
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AimM: Replacement of SiC N-bonded bricks arch for current
maintenance of the tap hole

Fired precast tap hole silica-
bonded Alumina for silicium EAF

Fig. 9 An insight into a case study of the non-ferrous metallurgy: thermally processed
component of superior cleanliness with highly dispersed refractory matrices

metallurgical plants, a customer company in  related CO, emissions. The example of na-
principle makes an effective contribution to  tional raw material extraction and associ-
the reduction of production and transport-  ated resource-efficient production intended

Silicon Carbide

Silicon carbide for refractory
applications

« 90% to 98.5% SiC content

- All standard splits, blends, fines
and custom specifications

- Cubic and sharp-edged grains

- Short delivery times

visit our website:
www.fiven.com

G"%@? For more information
L :
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. Booth109 /110

to stimulate the discussion of sustainably
and regionally produced refractory ceramics.

8 From history to today

Following the idea of the resource-efficient
use of Eisenberger Luting Sand, the need for
cost-intensive, synthetic raw materials in re-
fractory products can be completely avoided
or significantly reduced and, in principle,
the demands of industry can be met. In this
way, EKW contributes to the self-sufficient
and progressive use of regional raw mater-
ials and, last but not least, supports custom-
er companies in reducing their use-specific
carbon footprint.
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¢ HANDLE

Flexibilitat, Qualitat und Prozesssicherheit:
mit der HANDLE Feuerfest Extruder Reihe

Flexibility, quality and process reliability:
with the HANDLE refractory extruder series

Die HANDLE Extruder Reihe EF wurde speziell fiir
anspruchsvolle Anwendungen in der Feuerfestindust-
rie konstruiert. Abhangig von Materialeigenschaften und
Betriebsgegebenheiten ermdglichen der modulare Aufbau
und die individuelle Kombinationsmaglichkeit von Extruder,
Vakuumkammer und vertikaler Vorpresse eine Anpassung
an samtliche Anforderungen und Durchsatzleistungen.

FORDERN SIE UNS HERAUS!

HANDLE GmbH Maschinen und Anlagenbau - Miihlacker (Germany) - www.haendle.com
Contact: Hans-Jorg Walter - Phone +49 7041 891-233 - H.Walter@haendle.com
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The HANDLE EF extruder series has been specially
designed for challenging applications in the refractory
industry. Depending on material properties and operating
conditions, the modular design and the individual com-
bi-nation options of extruder, vacuum chamber and ver-
tical primary pug mill enable adjustment to all customer
demands and throughput requirements.

GIVE US A CHALLENGE!



