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Cement industry is facing growing challenges in conserving materials and conforming to the demanding environ-
mental standards. Therefore, there is great interest in the development, investigation and use of binders alternatives
to Portland cement. Natural hydraulic lime (NHL) binders have become nowadays materials with high added
value, due to their advantages in various construction applications. Some of them include compatibility, suitability,
workability and the versatility in applications. NHL binders are made from limestones which contain sufficient
argillaceous or siliceous components fired at relatively low temperatures, with reduction to powder by slaking with
or without grinding. This study is focused in developing technology for small-scale production of cementitious
binders, combining the knowledge and experience of geologists and mineral resources engineers. The first step
of investigation includes field techniques to the study the lithology, texture and sedimentary structure of Neogene
carbonate sediments, from various basins of Crete Island, Greece and the construction of 3D geological models,
in order to determine the deposits of each different geological formation. Sampling of appropriate quantity of raw
materials is crucial for the investigation. Petrographic studies on the basis of the study of grain type, grain size,
types of porosity and depositional texture, are necessary to classify effectively industrial mineral raw materials for
this kind of application. Laboratory tests should also include the study of mineralogical and chemical composition
of the bulk raw materials, as well as the content of insoluble limestone impurities, thus determining the amount
of active clay and silica components required to produce binders of different degree of hydraulicity. Firing of
the samples in various temperatures and time conditions, followed by X-ray diffraction analysis and slaking rate
tests of the produced binders, is essential to insure the beneficiation of their behavior. Beneficiation is defined
as the implementation of the best available techniques to insure the production of an economically usable final
product which combines both the hydraulicity of the silicates, aluminates and ferrites, as well as the reactivity of
the calcium oxide amounts that are present.
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Introduction

Cement industry is facing growing challenges in conserving
materials and conforming to the demanding environmental
standards. Therefore, there is great interest in the
development, investigation and use of binders alternatives to
Portland cement. Natural hydraulic lime (NHL) binders have
become nowadays materials with high added value, due to
their advantages in various construction applications. Some of
them include compatibility, suitability, workability and the
versatility in applications. NHL binders are made from
limestones which contain sufficient argillaceous or siliceous
components fired at with

relatively low temperatures,

reduction to powder by slaking with or without grinding. This
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Slmpllfled geologlc map of the basement units of Crete and their
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are pointed in circles.
Several Neogene carbonate sediments were collected and

investigated, as potential geomaterials for the production of

NHL binders. h ry and mi logy of both the bulk
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and their i

residue, are used to characterize
the sediments and to determine the amount of active clay and
silica components required to produce after firing, binders of
different degree of hydraulicity. Feature results of this study

are presented herein.

Field Techniques — 3D Neogene lithotype models

3D geological models are used to comp

| structures and to carry out volume

calculations. Carbonate rocks classified after petrographic studies, mineralogy and chemistry as various

sufficient di

to support a small-scale NHL processing.

3D geological models and the cor di ! | sections ob
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data, using the RockWorks software. Captions: A) Apokoronas basin, 1. non laminated calcareous marls (Sample

A), 2. laminated calcareous marls (Sample B), 3) bioclastic limestones and 4) marly limestones.
basin, 1. reefal limestones, 2. calcareous marls (Sample E), 3. marly li c&D),

B) Agia Varvara
4. 5.

sandy limestones. All studied samples are of Upper Miocene (Messinian) age / Vrysses Formation

Ex

imental Results
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The quality of raw materials is directly related to the

Laboratory slaking rate tests were performed for each

chemistry and homogeneity of carbonate rocks, the product, indicating the

in order to

amount and quality of the insoluble residue, which
in turn depend on the lithology of the formations.

obtain high reactive hydraulic lime binders.

Experimental Results

X-ray diffraction of insoluble residues
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Particle size analysis of the insoluble residue by laser di The grain-size di functions of
unimodal or polymodal residues, significantly affect the firing process in each sample and the mineralogy
of the produced binders (especially in the presence of coarse quartz grains, comparison of samples C & D).
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Insoluble resldue mineralogy of various Neogene sediments. Samples with higher
amounts of ins. residue (mainly marly limestones and calcareous marls), thus richer in
clay minerals (ilite, kaolinite, montmorillonite, paragonite) give after firing NHL
binders with higher proportions of calcium i and calcium i

comparative to other raw mats

Firing experiments — Various NHL products
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Firing of the samples in various temperatures and time
conditions, followed by quantitative X-ray diffraction analysis,
showed the production of binders of different degree of
hydraulicity from the same raw material. The variance ratio of 3-
C,S/Ca0, indicates three different fields of firing which decisively
affect the mineralogical composition and thus the characteristics
of produced cement. Up to 900°C and 6 hours the products are
moderately natural hydraulic limes, after until 950°C and 9 hours
eminently NHL and the product at 950°C and 12 hours considers
to be a Natural Cement binder. Calcination conditions and not
only the lithotype of the raw material are those which largely
determine the type of itious binders prodi ],
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X-ray diffraction patterns of hydraulic limes produced after calcination. The binders contain different
amounts of cement phases (calcium silicates, calcium aluminates, calcium aluminosilicates and ferrites),
Ilme/pnnlandlte and unreacted silica and display various hydraulicity. C,S-larnite, C;A-tricalcium aluminate,

[ C,AS-gehlenite, C: C-calcium oxide, CH-portlandite, Q-quartz.

Conclusions

The implementation of the best ilable techni combining both field
techniques and detailed laboratory analyzes are necessary to insure the
production of and economically usable final product which combines both the
hydraulicity of the silicates, aluminates and ferrites, as well as the reactivity of
the calcium oxide amounts that are present. 3D Ilthostratlgraphlc models in
combination with the appropriate experi | of sel i Neogene
sediments, could assist in the beneficiation of the production process of
Natural Hydraulic lime binders in small-scale production plants.
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