Alumosilicate “Made in Germany”: High-temperature Raw
Material with Excellent Innovation Potential
D. Cölle

With its impressive mineralogical characterization and its specific
diversity, the unique alumosilicate raw material luting sand, in German being called Eisenberger Klebsand, opens attractive and technically-economic potentials to the development of innovative ceramic
products that corresponds to the demand of a sustainable raw material-supply not at least. Under application of advanced proceduretechnologies the reliable availability of the present alumosilicate
“Made in Germany” could be associated to a global supply-situation
of high purity ceramic raw materials and furthermore integrated into
the production of silicate-ceramic construction-materials or metallurgic technologies under economic and ecological points of view.

Introduction
The objective of this deliberately concise
article is to examine on macroscopic and
microscopic level the essential characteristics of a raw material unique in Germany,
Europe and probably on global scale as well
as to raise awareness of its potential for the
realization of contemporary high-temperature materials. Eisenberg luting sand enjoys
as a whole the status of a geographically
narrowly limited, but sustainable raw material resource. Not at least with its mineralogical characteristics, selected fractions of
the Eisenberg luting sand, also with the addition of specific agents, open up new solution approaches for the production of hightemperature ceramics, composite material
systems or silicate building materials for applications in a wide temperature interval.

Renaissance of a natural
alumosilicate raw material
Since the beginning of the industrial age, the
natural product Eisenberg luting sand has
provided the basis for refractory building
materials or materials of an acid character
with a pronounced silicon dioxide (silica)
content. The special features of these mater-
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ials are consistently high quality and phase
fidelity. These were used mainly in smelting
and treatment equipment in iron and steel
foundries, and today are used especially in
artificial refractory building materials. In the
Federal Republic of Germany luting sands
exist in four regions, of which the Eisenberg
Basin, covering an area of 5 km2 and with a
thickness up to 100 m at the western edge
of the Rhine trench in the German state of
the Rhineland-Palatinate, holds the largest
reserves with around 200 Mt. Smaller and
technologically less significant deposits are
located near Euskirchen in North Rhine
Westphalia, in the Westerwald region of the
Rhineland-Palatinate and at Eisenberg/
Thuringia, each of which holds fewer than
10 Mt [1]. Eisenberg luting sand is a bonding refractory sand with a considerable clay
and silt content, quartz being present in
both the coarse and fine fractions, the clay
minerals on the other hand being increasingly concentrated in the fines range (Fig. 1)
[2]. The character of the natural alumosilicate basic raw material can already read
from the appropriate notation

[3], with the mineral phases quartz and
kaolinite of the type fireclay as the main
constituents and the clay mineral illite, the
most common clay mineral of the central
European tertiary clays, as the accessory
constituent. Potassium feldspars of the type
orthoclase are also present as accessory
constituents. By analogy with the mineral
phases, the mean bulk density of Eisenberg
luting sand is 2,6 g/cm3 in the as-delivered
state. In addition, fireclay as a specified
kaolinite with crystallite sizes below 1 µm
implies with its distorted crystal lattice
(translation of individual layer packages in
the direction of the b-axis by a multiple of
b0/6) increased reactivity under thermal influences. With this phenomenon known as
the Hedvall effect, in the temperature interval of polymorphic phase transitions an
increase in the solid reaction rates can be
observed, associated with crystal lattice deformations and expansions as a result of the
change of the elementary cell volume at the
crystallographic transformation point. Moreover, with mechanochemical activation of
the natural alumosilicate raw material, especially of the specific nanoscale or amorphous
phases, other vacancies, defects and free
valances can be induced, which contribute
to an increase in the chemical activity of the

Daniel Cölle
EKW GmbH
Research and Development
67304 Eisenberg/Pfalz
Germany
E-mail:
Daniel.Coelle@ekw-feuerfest.de
Keywords: luting sand, natural
alumosilicate, innovation made in
Germany

Qqz (83) Kfc (≈12) Iil (≈4) For (<1) – sand

5 (2013) [3]

81

Relative intensity

Quartz

Kaolinite

Kaolinite

Quartz,
illite

Illite

Kaolinite

Quartz

Kaolinite

Quartz

Quartz

Kaolinite

As-delivered state
Kaolinite
Quartz

Bragg angle, 2 θ, degree

Fig. 1 Radiographic characterization of Eisenberg luting sand supplied by EKW GmbH,
from [2]

phase components. The Hedvall effect consequently supports the reaction process under relatively “mild” conditions. Conversely,
a large number of reactions is inhibited in
mild conditions without the presence of reactivity-increasing substances.

Characterization and reactivity
With the view to technologically highly developed state-of-the-art refractory ceramics,
two particle size fractions of Eisenberg luting
sand have particular relevance. On the one
hand, with a maximum particle size of 1 mm

Tab. 1 Summarized characterization of technologically favourable particle size
fractions of Eisenberg luting sand (1) phase ratio, mass-%)
Coarse Fraction
[Quartz : Clay Minerals] [4 : 1]

Fine Fraction
[Quartz : (Clay Minerals + Alumogels)] [1 : 1] 1)

1)

d10 = 10 µm
d50 = 230 µm
d90 = 650 µm

d10 = 0,7 µm
d50 = 4 µm
d90 = 25 µm

SiO2 = 91 mass-%
Al2O3 = 6 mass-%
Synonym AlumoSilicate [AScoarse]

SiO2 = 71 mass-%
Al2O3 = 20 mass-%
Synonym AlumoSilicate [ASfine]

Tab. 2 Typical chemical composition of technologically favourable particle size
fractions of Eisenberg luting sand, without consideration of trace elements,
specified in mass-% (2) mass loss as a result of dehydration, constitutional water)
[mass-%]

SiO2

AScoarse
ASfine
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Al2O3

TiO2

Fe2O3

CaO

MgO

Na2O

K2O

m 2)

91,3

5,9

0,2

0,2

0,0

0,1

0,0

0,2

2,0

70,5

19,6

0,9

1,1

0,1

0,2

0,2

0,9

6,4

and a d50 at 230 µm, coarse components are
contained, which in simplified terms can be
described with 80 mass-% quartz and
20 mass-% kaolinite. Smectites are present
as accessory minerals. On the other hand,
specifically prepared fines with a d50 at 4 µm
are available, which are characterized with
50 mass-% quartz and 50 mass-% kaolinitic
clay minerals, combined with non-crystalline
phase fractions (Tab. 1). Selected fractioned
and extracted components conform to the
chemical composition in Tab. 2.
Notwithstanding its technical and economic
importance, there is only a relatively limited
number of purely technically oriented and
useful publications on Eisenberg luting sand,
especially on the geochemical and mineralogical characteristics on microscopic level,
which was expressed with the work of Fuhlberg [4] only published a few years ago. In
this work, the tertiary limnic-fluviatile loose
sediment is attributed unique features which
are closely connected with its formation
under hydrothermal influences (hydrothermal overprinting) to the grain collective of
kaolinized silica sand fractions observed
today.
Kromer, Mörtel and Oel [1] interpret essentially the locally found variegated sandstone
sediments under the influence of weathering
or sedimentary transformation processes as
starting material for Eisenberg luting sand.
Also the sandstones in the immediate vicinity of the New Red and Upper Permian formations cannot be excluded as starting materials [4].
Detached from its petrographic history,
Eisenberg luting sand is positioned between
raw materials of purely acid character
and chamotte products in the wideranging group of silicate ceramic materials
(Fig. 2) [5]. With the view to the hightemperature behaviour of alumosilicate
materials, the mullite is attributed special
importance as the only thermodynamically
stable phase in the system. Technological
aspects in the sense of modeled ceramic
high-temperature applications are supported by obviously typical and at the same
time regarded as important phenomenological and structural characteristics of Eisenberg luting sand, which are shown in
Figs. 3–6.
In order to clarify an example for modeled
ceramics, following selected example is presented: “During a recent bilateral industry-
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project the development of matrices focusing new non-polluting siliconcarbide-carbon-composites was realized to support the
manufacturing of function-ceramics based
on different kinds of alumosilicates for applications mainly in smelting-technologies of
the iron industry. Selected, completely harmless organic systems, with a noticeably reduced pollutant-emission with values close
to zero during heat treatment under different conditions, e.g. oxygen partial pressures,
replaces the partially pitch-derived carbonaceous bonding agents and binders which
frequently are observed and established in
SiC-C-refractories. Increased toughening
and flexibility can be expected due to the
formation of material-specific phases which
arise during temperature expositions and, of
course in principle, counteract a partial disintegration of the refractory lining. Material
characteristic taken from the interaction between the boundary layers of the iron-slag
liquid-phase-system underlines the industryrelevant corrosion behaviour and the improved technological and economic benefit
of the new non-polluting matrices at least.
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Bauxite
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Fig. 2 Location of Eisenberg luting sand in the binary material system SiO2–Al2O3,
simplified from [5]

The materials essentially become more complex with the following three characteristics
of customary problem-solutions and products: transparency of a cost-optimized raw

material-system, sustainability of native raw
materials and last but not least an availability of a constant quality-level. Different PSD
derived from alumosilicate of the luting sand

Fig. 3 Typical irregular grain of Eisenberg luting sand (l.); surrounded by clay particles (r.), from [4]

Fig. 4 Aggregates of new mineral formations with rod-like habitus (l.), structure of spherical Al-Si gel phases to form a
loosely connected aggregate (r.), from [4]

refractories

WORLDFORUM

5 (2013) [3]

83

Fig. 5 The left image clearly shows the existence of amorphous phase components [LM, cross polarizers], the right image shows
gel-like, cloud-like structures of Al-Si single aggregates in the nanometre range [SEM], from [4]

increase the resistance to oxidation by
forming barrier layers within the carbonaceous matrix. Not least, the application of
different variations of the new developed
carbonaceous composite material opens
“transfer possibilities” to join the native and
long-term available raw material with well
known alumina-siliconcarbide-carbon refractory technologies, e.g. runners for blast
furnaces or cupolas, under economic and
ecological points of view. It can be concluded that the results enable a wide range of
industrial refractory application within
metallurgic technologies on a long-term basis.” [9]
As Fuhlberg [4] explains in detail in her
work, the quartz grains are completely surrounded by clay particles. In their planar dimensions, the clay mineral phases themselves often exhibit a pseudohexagonal

habitus, the mean diameters of which take
on values between 1 µm and around 10 nm
(Fig. 3). Notable also is that besides the described forms, rod-like particles are quantitatively identified in Eisenberg luting sand,
which obviously concentrate with decreasing
particle size.
The rod-shaped minerals relatively dominant
in their dimension with a length up to
300 µm probably represent a transition
phase in the substrate-oriented precipitation
of kaolinite flakes from a gel phase of the
composition [Si : Al = 1].
Notable is the structural formation of spherical Al-Si gel phases to a loosely linked aggregate, as shown in Fig. 4. In addition, with
identical Al-Si ratio, new mineral formations
with a needle-like habitus and layer-like
structure are formed, which possibly indicate
an advanced diagenetic stage. From the

chemical composition of the gel phases, a
kaolinitic composition in the sense of an alumogel can already be derived.
This high-constitutional water-containing
X-ray amorphous aluminium silicate with
molar congruence of aluminium and silicon
with diameters between 1 nm and 100 nm
takes on colloidal dimensions, Fig. 5. The observed strip-like mineral phases effect an
enormous increase in the specific surface
area of the clay mineral phases of the fraction <2 µm with values up to 50 m2/g (according to BET) and are regarded as responsible for the bonding property and the adhesive capacity of Eisenberg luting sand (according to BET, around 6 m2/g) at room temperature.
Further in the submicrometer dimensions,
amorphous Fe3+ hydroxides were identified,
which indicate the formation of X-ray

pseudohexagonal
clay particles

strip-like minerals
roundish formations

Fig. 6 View into the microstructure of a transmission preparation with characteristic crystalline and amorphous phase components,
fraction <0,2 µm [TEM-BF], from [4]
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amorphous ferrihydrite [5 Fe2O3 · 9 H2O] or
Fe-containing allophanes. Electrostatic interactions with the observed alumohydrosilicates can contribute to improved rheological and plastic properties of Eisenberg luting sand. Amorphous Fe-Al-Si gels are interpreted as “lubricants” in the deformation of
the material [4].
Besides crystallinity, the characteristic
amorphous phase contents that increase
with decreasing particle size underscore the
potential for high-temperature ceramic applications thanks to their expected chemical
reactivity. The phases are shown in Fig. 6
based on the example of a preparation for
radiographic testing. As a consequence of
this, the following conclusion can be postulated: Eisenberg luting sand provides a
means to functionalize refractory products
[6].
Notable in this context is the expected direct
mullitization of microscale phase compon-

ents of Eisenberg luting sand at a reduced
temperature compared to genuine solidstate reactions of synthetic raw materials.
The direct mullitization is initiated with the
thermal decomposition of the kaolinite.
Brindley and Nakahira have reported in detail on the dehydroxylation of the kaolinite
[7]. In simplified and summarized terms,
the transformation to metakaolinite takes
place in a first reaction stage at temperatures around 500 °C as a result of the
splitting off of constitutional water from
the kaolinite Al2[(OH)4/Si2O5] according
to
Al2O3 ·2SiO2 ·2H2O → Al2O3 ·2SiO2 + 2H2O
(1)
For energy-related reasons, the second stage
of the reaction at around 925 °C is associated with the crystallization of an Al-Si
spinel (γ-Al2O3) with
2 (Al2O3 · 2SiO2) → 2Al2O3 · 3SiO2 + SiO2
(2)
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Outlook
Eisenberg luting sand primarily fulfils the
function of optimizing industrially established high-temperature ceramics for selected thermal or metallurgical processes.
This attracts considerable business interest
primarily as a result of the cost structure of
synthetic raw materials like synthetic aluminium silicates and aluminium oxide.
The reliable availability of the natural
alumosilicate raw materials and raw material derivates of Eisenberg luting sand
is basically a subject of the discourse
on supply costs and logistics of ceramic
raw materials, as also demonstrated by
statistical analyses regularly published the
Verband der Deutschen Feuerfest-Industrie
e. V., Bonn (VDFFI – Association of the
German Refractories Industry). Evident,
however, is that opportunities for production applications are opening for combination of the defined regional raw ma-

terial with novel technologies for economic and ecological purposes. With the
integration of logistic aspects, key advantages of a sustainable raw material supply
unfold.
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