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1 Introduction

On 1st June 2007, the REACH-Regulation (Registration, Authorisation, Evaluation
and Restriction of Chemicals) entered into force. The overriding goal of the regulation
is to improve the protection of human health and the environment from the risks of
chemicals while enhancing the competitiveness of the EU chemicals industry. By
this, all chemicals manufactured in or imported into the EU have to be registered at
the European Chemicals Agency (ECHA). The registration requires information on
the properties and the potential risks of the substances.

As Coal Combustion Products (CCPs) are mainly utilised in the building material
industry, in civil engineering and in road construction they are placed on the market
and for many applications, i.e. those which are not covered by waste legislation and
served with (by-) products, they are subject to REACH. By this, each producer or
importer of coal combustion products (CCPs) placed on the market as construction
materials have to pre-register and to register their substances. The pre-registration
requires information on the substance identity, the tonnages and the name and
address of the producer. The registration requires i.a. comprehensive information
about toxicology and ecotoxicology of the substances.

In Europe, non registered substances can not be placed on the market after 1st June
2008 any more! For CCPs, since they are already registered in the European
Inventory of the Existing Commercial Chemical Substances (EINECS) the deadline
for registration is extended to 1 December 2010. This is only true if the producer pre-
register in the period of 1st June to 1 December 2008! In special cases also late pre-
registration by 1% November 2009 is possible.

This paper deals specifically with the relation of REACH and CCPs and will highlight
the work of pre-registration and joint registration of CCPs.

2 REACH Background and Development

On 27 February 2001 the Commission issued a White Paper on a Strategy for a
future Chemicals Policy. This has subsequently been developed and extensively
discussed with major stakeholders, resulting in the release on 29 October 2003 of the
Commission's proposal (REACH - Registration, Authorisation, Evaluation and
Restriction of Chemicals).
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Under REACH enterprises that manufacture or import more than one tonne of a
chemical substance per year are required to register it in a central database. REACH
will furthermore give greater responsibility to industry to manage the risks from
chemicals and to provide users in the supply chain with safety information on the
substances.

The European Parliament first reading of the REACH proposal was finalised on the
17th of November 2005 and the Council reached a political agreement on the 13th of
December 2005. The REACH Regulation was formally adopted on 18 December
2006 by the Council of Ministers following the vote in second reading of the
European Parliament on 13 December 2006. REACH entered into force on 1 June
2007.

The main task of the European Chemicals Bureau in the interim period until the entry
into force of REACH was to develop technical guidance and IT tools that will enable
the industry and authorities to administer the legislation effectively from the start. This
was done through a number of REACH Implementation Projects (RIPs) that were
carried out in close collaboration between the Commission Services and
stakeholders of REACH. Most of these projects have been finalised and handed over
to the European Chemicals Agency (ECHA), which is formally responsible for making
guidance available.

The European Chemicals Agency (ECHA) was created on 1 June 2007 in Helsinki
and is responsible for managing the registration and evaluation processes for
chemical substances to ensure consistency in the European Union. It will also have
an important role in the authorisation and restriction processes under REACH. All
information regarding REACH is placed at the website (http://echa.europe.eu).

30.12.2006: REACH regulation was published in the official journal of the EU
01.06.2007: REACH entered into force
01.06.2008: European Chemicals Agency (ECHA) becomes operational

01.06.2008 — 01.12.2008 Six-month window for companies to pre-register “phase-in”
substances

by 01.06. 2008: European Commission must adopt a regulation setting the fees
payable by firms under various parts of REACH

by 01.12. 2008: Commission must review criteria for identifying persistent and
bioaccumulative substances, a class of dangerous chemicals
targeted by the authorisation procedure. By the same date the
commission must define the criteria that will allow some firms to omit
some testing requirements under REACH

on 01.01.2009 Chemicals agency will publish the list of pre-registered substance

by 01.06.2009 Chemical Agency will make its first recommendations on priority
substances to be included under the authorisation requirement

by 01.12.2010 End of registration of pre-registered phase-in substances (> 1000 t)
01.06.2018: End of SIEF operations

Table 1 Important deadlines within REACH
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The REACH regulation developed from existing systems for chemicals. Within
REACH Registration is synonym for submitting a registration for a substance by the
manufacturer, the importer of a substance or the producer or importer of an article. A
registration shall include a technical dossier including and a chemical safety report.

Evaluation is synonym for information on the manufacture and use(s) of the
substance; this information shall represent all the registrant's identified use(s). This
information may include, if the registrant deems appropriate, the relevant use and
exposure categories; the classification and labelling of the substance; guidance on
safe use of the substance.

Authorisation is synonym for providing submission numbers and checking the
completeness of registration dossiers as well as examination or rejection of proposed
test procedures herein by the Agency.

Chemicals mean substances on their own, in preparations or in articles. Within
REACH "substances" (chemicals), "preparations” (consist of different chemicals) and
"articles" (products, e.g. cups, computers...) will be regulated. Only substances (on
their own) have to be registered. Preparations and articles do not need a registration.
Exempted from REACH are those materials which are chemically not modified. Also
waste is exempted.

The group of "substances" is subdivided to "non phase-in" and “"phase-in"
substances. REACH provides an extended time period for the register of "phase-in"
substances, a precondition is that they are pre-registered. The basic definition for a
"phase-in" substance with regard to CCP is that they are listed in EINECS (European
Inventory of Existing Commercial Chemical Substances).

End of the 1970th only a few chemicals had been regulated by special regulations
(drugs, pesticides, explosives...) and most of the common chemicals placed on the
marked were not regulated! By this, no information was available how many
chemicals were commercially placed on the market, nor in which amounts or in what
kind of applications this chemicals were used, nor how many new chemicals have
been added to the market every day. To ensure a high level of protection of human
health and the environment by using chemicals this situation was to be changed. A
general regulation was needed to regulate (test, evaluate, restrict, label ...) all
commercial chemicals which are not being regulated by other laws. A first step was
to focus on ,new chemicals®, which have not been placed on the EU-market limited
by a special deadline. Already marketed chemical substances — so called ,existing"
commercial chemical substances® - had to be listed within the deadline, not to be
new!

The European Inventory of Existing commercial Chemical Substances (EINECS) is
based on the European COre INventory (ECOIN) to which supplementary substance
reporting could be made by industry (according criteria for reporting substances for
EINECS). ECOIN was composed by blending different lists of chemicals presumed to
be on the European market. By this, even coal combustion products (CCPs) have
been listed. In total more than 100.000 substances are listed in the EINECS -
including CCPs-. This list is ,frozen“. No more substances can be added to it or
removed from it. With only view exemptions those chemicals have not been judged
due to risk assessment.
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Start notification of  end of pre-registration end of registration
,hew substances* *

>1.000 t/a >100 t/a > 1 t/a

A 4 A 4 A 4 A 4 A 4 >

18.9.1981 1.12.2008 1.12.2010 1.6.2013 1.6.2018

Figure 1: Deadlines for notification (ELINCS) and registration (REACH) of chemicals

Since September 18, 1981 all ,new chemicals® have to be tested, evaluated and
notified bevor approval of marketing in the EU. They are listed in the European List of
Notified Chemical Substances (ELINCS). By now, more than 4000 substances are
listed in ELINCS being assumed to be safe.

All information about listed chemicals can be checked in ESIS (European chemical
Substances Information System).

Beside the EINECS numbers mostly all chemicals also can be addressed with a CAS
(Cemical Abstract Service) numb er. The CAS REGISTRY is the most authoritative
collection of disclosed chemical substance information. Researchers, regulatory
agencies, information and legal professionals are examples of individuals and
organizations who rely on registry for the most accurate and current chemical
substance information. A CAS registry number (sometimes known as a "CAS
Number") is the unique chemical substance identifier that enables efficient links to
the broad chemical literature and which is also used as a substance identifier in
commerce (e.g. in regulatory registrations).

New CAS registry numbers are assigned when new substances are reported in the
literature and enter the CAS databases, and when requested for commercial
registration purposes. It covers substances identified from the scientific literature
from 1957 to the present, with additional substances going back to the early 1900s.
The latest CAS registry number® and substance count 46,726,072 organic and
inorganic substances and 60,936,919 sequences (status May 11, 2009).

The International Union of Pure and Applied Chemistry (IUPAC) serves to advance
the worldwide aspects of the chemical sciences and to contribute to the application of
chemistry in the service of Mankind. As a scientific, international, non-governmental
and objective body, IUPAC can address many global issues involving the chemical
sciences. The IUPAC-recommendations is the definitive guide for scientists working
in academia or industry, for scientific publishers of books, journals and databases,
and for organisations requiring internationally approved nomenclature in a legal or
regulatory environment.
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With regard to REACH also the IUCLID database is of importance. This is a
management system for the administration of data on chemical substances. This
IUCLID Chemical Data Sheets Information System provides extracts of data from the
IUCLID on high production volume chemicals reported by European Industry in the
frame of the European existing chemicals risk assessment programme. There are
listed 2604 current substances with available Chemical Data Sheets. A Chemical
Data Sheet contains data on general information, physico-chemical data,
environmental fate and pathways, ecotoxicity, toxicity and references.

3 Coal Combustion Products

Coal Combustion Products (CCPs) are produced with the production of electricity
and steam in coal-fired power plants. In 2006, about 61 million tonnes of CCPs were
produced in Europe (EU15). The production in all the European members states is
estimated to be about 100 million tonnes. They are mainly utilised in the building
material industry, in civil engineering, in road construction, for construction work in
underground coal mining as well as for recultivation and restoration purposes in open
cast mines. The majority of the CCPs are produced to meet certain requirements of
standards or other specifications with respect to utilisation in certain areas.

CCPs are defined as follows:

- Fly Ash (FA, PFA) is obtained by electrostatic or mechanical precipitation of dust-
like particles from the flue gases of furnaces fired with coal or lignite at 1100 to
1400°C (or 1700 °C in case of wet bottom boilers). Fly ash is a fine powder, which
is mainly composed of spherical glassy particles. Depending upon the type of
boiler and the type of coal siliceous, silico-calcareous and calcereous fly ashes
with pozzolanic and/or latent hydraulic properties are produced.

- Cenospheres (floaters) are recovered from the surface of ash disposal ponds and
are of similar chemical composition to fly ash. Due to a particle density of less than
1.0 kg/dm? they float on water.

- (Furnace) Bottom Ash (BA) is a granular material removed from the bottom of dry
boilers, which is much coarser than FA though also formed during the combustion
of coal.

- Boiler Slag (BS) is a vitreous grained material deriving from coal combustion in
boilers at temperatures of 1500 to 1700°C, followed by wet ash removal of wet
bottom furnaces.

- Fluidized Bed Combustion (FBC) Ash is produced in fluidized bed combustion
boilers. The techniqgue combines coal combustion and flue gas desulphurization in
the boiler at temperatures of 800 to 900°C. FBC ash is rich in lime and sulphur.

- Semi Dry Absorption (SDA) Product is a fine grained material resulting from dry
flue gas desulphurization with lime acting as the sorbent.

- Flue Gas Desulphurization (FGD) Gypsum is a natural gypsum like product
which is obtained by wet desulphurization of flue gas and special treatment of the
adsorbed products.
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EC:

CAS:

Substance Name:
Description:

EC:

CAS:

Substance Name:
Description:

EC:

CAS:

Substance Name:
Description:

EC:
CAS:
Substance Name:

Description:

EC:
CAS:
Substance Name:

Description:

> 268-627-4

68131-74-8

Ashes (residues)

The residuum from the burning of a combination of carbonaceous
materials. The following elements may be present as oxides:
aluminum, calcium, iron, magnesium, nickel, phosphorus, potassium,
silicon, sulfur, titanium, and vanadium.

> 270-708-4

68476-96-0

Slags, coal

Inorganic residuum from the combustion of coal.

> 300-212-6

93924-19-7

Ashes (residues), cenospheres

Hollow ceramic spheres formed as a part of the ash in power stations
burning pulverized coal. Composed primarily of the oxides of
aluminium, iron and silicon and contain carbon dioxide and nitrogen
within the sphere.

> 302-652-4

94114-19-9

Residues, calcium sulfate-contg., flue gas wet desulfurization
neutralization

Residue rich in calcium sulfate obtained during the desulphurisation
of flue gases of bituminous coal or oil-fired boilers of power plants.
Composed primarily of calcium sulfate with chlorides, fluorides, trace
element oxides as well as pure gas dust components from the
combustion process.

> 302-659-2

94114-25-7

Slimes and Sludges, power-plant cooling water softening, calcium
carbonate-contg.

Filter sludge formed during the treatment of surface water for cooling
purposes in a power plant operation followed by removal of hydrogen
carbonates. Composed primarily of calcium carbonate, with the
addition of iron and/or aluminium oxides, chlorides, sulfates and
fluorides of the alkali and alkaline earth elements and organic
components from the raw water.

Table 2

EC and CAS numbers of CCPs (phase-in substances)

As CCPs are listed in EINECS (European Inventory of Existing Commercial Chemical
Substances) they can be defined as “phase-in substances” according to REACH (see
table 2). By this, they can be registered by 1% December 2010 provided that the
producer pre-registered in the period of 1st June to 30 November 2008! New
producers or producers/importers placing the material on the market for the first time
can also do so by 1% December 2009 (1 year before deadline for registration).

Even though there are EINECS entries for all types of CCPs it is recommended to
check whether a registration is necessary. For by-products as FGD gypsum and at
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least ash produced to meet requirements of European and national standards to
serve a specific market a registration is required. For materials produced as waste
the fields of utilisation should be carefully evaluated regarding their continuation
under waste regime (see 4).

4 Excemptions from REACH

Article 2.2 of REACH provides that “waste as defined in Directive 2006/12/EC of the
European Parliament and of the Council is not a substance, preparation or article
within the meaning of Article 3 of this Regulation.” Therefore, REACH requirements
for substances, preparations and articles do not apply to waste. This does however
not mean that waste is generally exempted from REACH. Further explanation on this
is given in the guidance on registration (section 1.6.3.4) and more guidance, in
particular on the role of waste related risks in exposure scenarios will be given in the
guidance on chemical safety assessment. This includes considerations related to the
waste stage of substances as confirmed in Annex | paragraph 5.2.2 where the life-
cycle is explicitly said to cover the waste stage. In addition, Annex | paragraph 5.1.1
of REACH also makes it clear that the Risk Management Measures of an Exposure
Scenario should “cover waste management measures to reduce or avoid exposure
during waste disposal and/or recycling.”

The basic definition of materials not being waste, i.e “by-products” and “end-of-
waste-materials” are placed in article 5 and 6 of the Waste Directive which was
published in the Official Journal of the European Union on November 22, 2008 and
have to be introduced into national law by December 12, 2010.

Article 5 reads as follows:

A substance or object, resulting from a production process, the primary aim of which
is not the production of that item, may be regarded as not being waste referred to in
point (1) of Article 3 but as being a by-product only if the following conditions are met:

(a) further use of the substance or object is certain;

(b) the substance or object can be used directly without any further processing other
than normal industrial practice;

(c) the substance or object is produced as an integral part of a production process;
and

(d) further use is lawful, i.e. the substance or object fulfils all relevant product,
environmental and health protection requirements for the specific use and will not
lead to overall adverse environmental or human health impacts.

Regarding “end-of-waste-materials” (article 6) it has to be concluded that as soon as
a material “ceases to be waste” in a recovery process the REACH requirements
apply in principle as to any other material. Where exactly in a recovery process a
waste “ceases to be waste” has been subject of long debates in the context of waste
legislation. The Institute for Prospective Studies (IPTS) was ordered to develop a
scheme for end-of-waste criteria for different waste streams. As a result of this work,
and future comitology decisions, some materials currently considered as waste might
in future be considered to have ceased to be waste. This would not only mean that
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these materials would be outside the scope of waste legislation but also that they
would be potentially subject to REACH requirements.

It is important to note that a registered material according to REACH is not
automatically a product due to the registration. The decision whether a material is a
waste or not has is based on the Waste Directive.

Furthermore, substances listed in Annex IV and Annex V of Regulation (EC) No.
1907/2006 (REACH) are exempted from the registration, evaluation and downstream
user provisions of REACH. Annex IV sets out substances that are exempted because
sufficient information is known about the substances that they are considered to
cause minimum risk because of their intrinsic properties. Annex V sets out
substances because registration is deemed inappropriate or unnecessary and their
exemption does not prejudice the objectives of REACH.

Based on article 138(4) the Commission has reviewed the annexes IV and V before
1% June 2008. The outcome was published in the Official Journal of the European
Comission on 9™ October 2008. It has to be noted that CCPs — also after the
Commissions review - are not exempted according to Annex IV or V of the REACH
regulation.

5 Pre-/Registration within REACH

REACH requires that chemical substances on their own, in preparations and those
which are intentionally released from articles have to be registered to the European
Chemicals Agency (ECHA). The regulation applies to substances manufactured in, or
imported into the EU in annual quantities of 1 ton or more per company, unless the
regulation indicates otherwise. The registration is the task of the producer or importer
of the substances. Within the registration procedure the producer registers as “legal
entity”. For CCPs the legal entity is e.g. the operator of a power plant or the importer
of CCPs from outside Europe.

The obligation to register applies from 1% June 2008. The producers of chemicals
currently on the EU market which meet the definition of phase-in substances had to
pre-register the substances between 1% June and 1% December 2008, in special
cases also by 1% December 2009. Companies who pre-register their substances can
benefit from extended registration deadlines. The deadlines depend on the tonnage
band and the hazardous properties of the substance. The deadline for CCPs
produced/imported with more than 1000 tonnes is extended to 1% December 2010.

5.1 Pre-Registration

Pre-registration requires only limited data and there is no fee associated to it. A pre-
registration file for a substance consists of:

- substance Identity: EINECS number, CAS numbers and names of the substance

- envisaged deadline and tonnage band for the registration (for CCPs always >
1000 tonnes and 1. December 2010)

- name and contact information of a contact person or third party representative who
will act as the contact point in data sharing
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A pre-registrant should also provide when applicable substance identification of any
relevant substances which may facilitate the risk assessment and data sharing of the
substance

The pre-registration can be performed by the REACH IT or IUCLID software. The
substances can be registered as mono-, multi- or UVCB-substance.

A mono-constituent substance is a substance, defined by its quantitative
composition, in which one main constituent is present to at least 80% (w/w). This is
the case for FGD gypsum. Based on long discussion in a project group it was
recommended to pre-register FGD gypsum as “calcium sulphate” (EC 231-900-3)
and related CAS numbers for all hydration phases. By this all product can be dealt
with in the registration dossier.

A multi-constituent substance is a substance, defined by its quantitative composition,
in which more than one main constituent is present in a concentration = 10% (w/w)
and < 80% (w/w). A multi-constituent substance is the result of a manufacturing
process. The difference between preparation and multi-constituent substance is that
a preparation is gained by blending of two ore more substances without chemical
reactions. For CCPs clean SDA product may serve as an example. “Clean” SDA-
product means that it is not extracted together with fly ash.

Substances of Unknown or Variable composition, Complex reaction products or
Biological materials (UVCB substances) cannot be sufficiently identified by their
chemical composition, because the number of constituents is relatively large and/or
the composition is, to a significant part, unknown and/or the variability of composition
is relatively large or poorly predictable. As a consequence, UVCB substances require
other types of information for their identification, in addition to what is known about
their chemical composition. Main identifiers are name, source and process.

On January 6, 2009 the ECHA published a first list of substances on its website
which were pre-registered by 1% December 2008. On March 27, 2008 a press
release on an update of the list was published highlighting that around 143.000
substances have been pre-registered by some 65.000 companies.

ECOBA has prepared guidelines for the pre-registration of CCPs and distributed to
all producers in Europe. The number of pre-registered parties in the pre-SIEFs
relevant for CCPs are given below.

EC Nr name nr Pre-registrants
231-900-3 : calcium sulfate 1575
268-627-4 ashes (residues) 1082
300 -212-6 : ashes (residues)

cenospheres 113
270-708-4 : slags, coal 524
302-652-4 : SDA (> 10 % ash) 99
U SDA (multi constituent) 11
297-049-5: biomass ash 97
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5.2 Registration

In contrast to the pre-registration, where only brief information for a substance is
required (name, "phase-in" substance, tonnage range), the registration requires more
detailed information, especially regarding health and safety. An overview of the
required physico-chemical, ecotoxicological and toxicological information is given in
table 3. These data can be submitted jointly from members in a SIEF (Substance
Information Exchange Forum).

A SIEF will be formed for each pre-registered substance with the same identity.
Based on the experience with pure chemicals the ECHA first expected that with one
EC number only one SIEF is formed and only one dossier is prepared. Meanwhile it
was stated that also more than one SIEF may result from one EC number as the
definition given with the EC numbers is not precise and may allow wide variations.

Phys.-chem. Toxicology Eco-toxicology
Density Acute toxicity (oral) Akute Daphnia toxicity
Melting / Boiling point Skin irritation (in vitro) Algae toxicity
Water solubility Eye irritation (in vitro) Biotic degradation
Vapour pressure Skin sensibilisation
Partition coefficient Mutagenicity (Ames test) Short-term toxicity fish
Flash point Respiration inhibition test
Flammability Skin irritation (in vivo) Abiotic degradation
Explosive properties Eye irritation (in vivo) Adsorption-/desorption
Surface tension In-vitro Cytogenicity
Oxidative properties In vitro mutagenicity (mammalian cells) Daphnia reproduction test
Granulometry Acute toxicity (dermallinhalative) Long-term toxicity fish
Subacute toxicity (28 d Test) Biotic degradation in water
Stability in organic solvents Reproductive/developmental Biotic degradation in soil
Identity of degradation products toxicity,(Screening test) Biotic degradation in sediment
Dissociation constant Toxicokinetic Identification of degradation products
Viskosity Bioaccumulation in fish
Subchronic Toxicity (90 d test) Short—term .toxicity in\(ertebrates
Reproduktionstoxizitat Soil microorganismen
Developmental toxicity Short-term toxicity plants
2-generation-reproductive toxicity

Environmental fate
| Carcinogenicity | Long-term toxicity terr. invertebrates
Long-term toxicity sediment organisms
Long-term toxicity birds

Table 3: Overview on physico-chemical, ecotoxicological and toxicological
information required for REACH registration.

The participants in a SIEF are all pre-registrants (potential registrants, (early)
registrants and the data holders). A SIEF has no prescribed legal form, but is a forum
to share data and other information on a given substance. Participants in a SIEF are
free to organize themselves in consortia or other forms of agreements as they see fit
to carry out their obligations under REACH.

After 1 January 2009 a SIEF is formed when pre-registrants have agreed in a pre-
SIEF that they manufacture or import the same substance. SIEF members need to
nominate a Lead Registrant. They will share and assess data and prepare common
parts of the registration (joint submission). For calcium sulfate as well for ashes
consortia have been formed by the companies.

Any SIEF member receiving a request for information that involves vertebrate tests
must respond within 1 month. Compensation for sharing data is agreed among the
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respective SIEF members. All SIEF participants shall react to requests for
information from other participants and provide other participants with existing
studies upon request. Potential Registrants shall request missing information from
other SIEF participants, collectively identify needs for further studies to comply with
registration requirements, make arrangements to perform the identified studies and
agree on classification and labelling. Data Holders must respond to any query from
potential registrants if they hold the data relating to this query and are not entitled to
request data.

Most important is a stable form of co-operation as the SIEFs shall remain operational
until 1 June 2018.

The information in the full registration dossier will have to provide evidence
demonstrating the safe use of the substance. Producers and importers will be
required to collect and submit data to ECHA on the hazardous properties of all
substances (except polymers and non-isolated intermediates) manufactured or
imported into the EU in quantities above 1 tonne per year. In addition, risk
assessments and control measure documents will have to be produced for down
stream users. This information shall be contained in a chemical Safety Report and
Safety Data Sheets (SDS). The joint dossier have to be compiled with the IUCLID
software tool, which can be downloaded from the ECHA website. The dossier can be
submitted to ECHA by REACH IT and IUCLID.

The complete dossier have to be submitted by the lead registrant to the ECHA for
first crosscheck some month before the official registration deadline. If the dossier is
announced to be accepted an identification number will be provided to the lead
registrant. This number can than be used by each member of that consortium to
finalize the legal entity specific registration dossier and to provide it to ECHA. As
soon as the dossier is submitted to ECHA the invoice regarding the registration fee
can be expected. With the submission of the dossier to the ECHA by the each
consortium member the substance is official registered.

After the registration ECHA will start the evaluation phase. There are two types of
evaluation that will have to be carried out. A dossier evaluation covers all substances
manufactured or imported into the EU over 100 tonnes per year. Any testing
proposals to support the dossier put forward by industry as part of their registration
package will have to be approved by the Members States and dossiers will have to
be kept complete and compliant. For selected substances, for which a risk to health
or the environment is suspected, substance evaluation provides a mechanism to
require industry to obtain more information. Evaluation may also lead to the
conclusion that action should be taken under the restrictions or authorisation
procedures. Any Member State can ask for more information to be produced for the
Chemical Safety Report.

Acquiring the necessary knowledge on the properties of substances will entail some
animal testing. However, REACH has been designed to reduce animal testing to the
absolute minimum. Unnecessary tests are avoided due to the obligation to share all
data generated through testing on vertebrate animals, and by the provision that for
large volume substances testing proposals must be approved by the Agency before
new tests on animals will be performed. This will ensure that the endpoints studied
are relevant, that the scientific validity of the research is sufficiently high, and that the
testing programme does not duplicate other studies.
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6 European consortia for calcium sulphate and ash

About 3 years ago a project group started to work out details for the pre-registration
of FGD-gypsum and ashes. Members of the project group were i.a. representatives
of the associations BDEW, VGB, BVK, BV Gips, EuroGypsum and ECOBA. The
work of the project group focussed the formation of European consortia for the
common registration of calcium sulfate including natural and FGD gypsum and for
coal ashes (fly ash , bottom ash, boiler slag). All European producers and importers
of coal combustion products were invited to join these consortia and to share the
data especially about toxicology and ecotoxicology of the substances.

For calcium sulfate a consortium is formed from producers of natural and FGD
gypsum. Lead company and SIEF facilitator is Saint Gobain Gyproc. EUROGYPSUM
serves as coordinator.

For ashes two consortia have been formed by now. One consortium is formed with
EVONIK STEAG as lead company of the SIEF for ashes and slags, supported by
VGB PowerTech and ECOBA. A second consortium was formed by Polish and
Czech producers. Meanwhile also a Finnish company offered to form a consortium.
As far as the same substances are covered the consortia have to co-operate to
produce only one dossier.

7 Summary

Coal Combustion Products (CCPs) are being produced in coal-fired power stations
which burn either hard or brown coal. They are mainly utilised in the building material
industry, in civil engineering, in road construction, for construction work in
underground coal mining as well as for recultivation and restoration purposes in open
cast mining. By this, they are placed on the market and for many applications they
are subject to REACH.

Each producer or importer of coal combustion products (CCPs) placed on the market
as construction materials have to pre-register and to register their substances. The
pre-registration requires information on the substance identity, the tonnages and the
name and address of the producer. The registration requires i.a. comprehensive
information about toxicology and ecotoxicology of the substances.

In Europe, non registered substances can not be placed on the market after 1st June
2008 any more! For CCPs, since they are already registered in the European
Inventory of the Existing Commercial Chemical Substances (EINECS) the deadline
for registration is extended to 1st December 2010. This is only true if the producer
pre-register in the period of 1st June to 1st December 2008!

For calcium sulphate and ashes European consortia have been formed. European
producers and importers of coal combustion products are invited to join these
consortia and to share the data about toxicology and ecotoxicology of the
substances.
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1 Introduction

Calcareous ash is mostly produced by lignite combustion in dry-bottom boilers for
heat and power generation. Lignite plays an important role in energy mix in the
European countries, especially in central and Eastern Europe. About 490 million
tonnes of lignite (including a small amount of sub-bituminous coal) were mined and
used for power production in Europe in 2002 /1/. During combustion an estimated
amount of 71 million tonnes of ashes is produced. Most of the ashes are used for the
refilling and reclamation of depleted opencast lignite mines. Furthermore, the ashes
are used as filler in asphalt, in underground mining, for surface recultivation, soil
beneficiation, nutrition, cement production and as an addition to concrete.

The possibilities of utilization of coal combustion products (CCPs) depend on their
chemical, mineralogical and physical properties. These properties are influenced by
the source of coal, the type of coal feeding and the combustion process. A consistent
product quality is most important for utilization of ashes in hydraulic binders, cement
and concrete.

This paper deals with the production and utilisation of ashes from power stations fired
with lignite, existing fields of application, the requirements for use in cement and
concrete, the revision of standards as well as with update information about the
revised Waste Directive and the REACH regulation.

2 ECOBA — MISSION AND WORK

ECOBA was founded in 1990 by European energy producers to ensure full beneficial
and high grade utilisation of all CPPs. Therefore, ECOBA is active in the
development of European standards and is represented on a number of CEN
committees. The objectives of the Association are

a) to encourage the development of the technology for the use of all by-products
from coal-fired power stations, both on the industrial and the environmental level,
with regard to relevant industrial and environmental demands;

b) to promote the mutual interests of its members, internationally and particularly
within the framework of the European organisations, which are of scientific,
technical, ecological and legal nature;



c) to establish and/or develop necessary legal/regulatory measures for recognition,
acceptance and promotion of the use of all by-products of coal-fired power
stations as valuable recoverable resources;

d) to participate in international activities, including co-operation within the
framework of the European organisations, and

e) to ensure the exchange of information and documentation among the various
national and international bodies.

Today, the Association has 24 full members from 15 European countries, all
generators of power, and is co-operating closely with comparable associations on
other continents. The American Coal Ash Association (ACAA), the Canadian
Industries Recycling Coal Ash (CIRCA), the Japan Coal Energy Center (JCOAL), the
National Coal Ash Board of Israel (NCAB), the South African Coal Ash Association
(SACAA) and the United Kingdom Quality Ash Association - UKQAA are affiliated
members to ECOBA. In 2006, the co-operation with the Moscow Power Engineering
Institut was established. In November 2008 URAL PROM MINERAL became
member of ECOBA. Furthermore, ECOBA is a foundation member of the World-Wide
CCP Council, a forum for the international exchange of information on CCPs via the
Internet.

ECOBA members consider coal ashes and desulphurization products generated in
coal-fired power plants to be valuable raw and construction materials which can be
utilized in various environmentally compatible ways. It is the task of ECOBA to
propagate this message especially amongst legislative and standardising institutions
and to communicate the economic and ecological benefits of CCP utilisation.
Therefore ECOBA has established working committees on communication and
marketing of CCPs, on environmental issues and on standardization. ECOBA also
represents the producers of CCPs on a number of CEN committees (Examples
include Cement - CEN TC 51, Concrete - CEN TC 104, Road Materials — CEN TC
227 and Gypsum and Gypsum based Products — CEN TC 241). Specific working
groups were installed for “Calcareous Fly Ash” and for REACH.

3 Production of CCPs in Europe

Since in 2004 the European Union (EU) grew up to 25 member states and again in
2007 to 27 Member States the total production of CCPs in the EU is estimated to be
about 100 million tonnes (EU 27). ECOBA members provide data on production and
utilisation of CCPs on a yearly basis. The data on production and utilisation of CCPs
in Europe are published every year. Unfortunately, the figures of all of the 12 new EU
Member States are by now not available to ECOBA, so more detailed information on
the production in EU 27 cannot be provided for the time being. Therefore, the
statistics presented in this report cover the situation in EU 15 member states.

The ECOBA statistics on production and utilisation of CCPs /2/ reflect the typical
combustion products produced during the combustion of hard coal and lignite in coal-
fired power stations. The CCPs are fly ash, bottom ash, boiler slag and fluidized bed
combustion (FBC) ashes as well as the products from dry or wet flue gas
desulphurisation, especially spray dry absorption (SDA) product and flue gas
desulphurisation (FGD) gypsum.
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Figure 1 shows the development of CCP production in EU 15 members states from
1993 to 2006. The total amount decreased from 57 million tonnes in 1993 to 55
million tonnes in 1999 and rose again to 64 million tonnes in 2005 due to higher
production of electricity and heat by coal combustion. In 2006, the amount of CCPs
produced in European (EU 15) power plants totalled 61 million tonnes, about 3
million tonnes less in the EU 15 member states compared to 2005. This reduction
was caused by smaller production by coal combustion in some countries due to
higher production by hydro power or the installation of de-NOx and de-SOx
measures. In 2006, all combustion residues amount up to 80 % and the FGD
residues up to 19 % by mass.
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Figure 1: Development of the CCP production in Europe (EU 15) from 1993 to 2006
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Figure 2: Development of the production of fly ash from hard coal and lignite in
EU 15 from 1993 to 2006
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The development of the production of fly ash form hard coal and lignite combustion in
dry-bottom boilers is shown in figure 2. Although in 2006 a smaller production of
mostly hard coal fly ash for the EU 15 members states is observed it has to be noted
that this figure do not reflect the situation in the single EU member states. In some
countries the production was at same level or even higher than the year before.

Lignite plays an important role in energy mix in the European countries, especially in
central and Eastern Europe. About 490 million tonnes of lignite (including a small
amount of sub-bituminous coal) were mined and used for power production in Europe
in 2002 (see figure 1) /1/. During combustion an estimated amount of 71 million
tonnes of ashes were produced.
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Figure 3: Mining of lignite in Europe (Source EURACOAL /1/)

4 CCPs from lignite in Europe
4.1  Production process

Fly ash and bottom ash and in addition, mineral products from desulphurization of the
flue gases are obtained from the combustion process of lignite in power plants (see
figure 4). All of these minerals can be utilized and are therefore called combustion
products (CCPs). In most of the lignite power plants pulverized fuel is used. Lignite is
ground to fine dust in coal mills and is pneumatically fed to dust burners. In the
furnace of the power plant the pulverised lignite is combusted. The heat produced
heats the water in the water-steam-circuit, the developing steam powers the turbine.
A minor part of the mineral matter from the lignite falls down to the bottom of the
furnace where it is removed as bottom ash in a water bath.
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The major part of the ash of approximately 80 % of the mineral matter is carried
along with the flue gases to the electrostatic precipitator. The fine grained fly ash is
separated from the flue gas, e.g. in a three stages precipitator at a ratio of 80 : 15: 5
% by mass. Usually the fractions are extracted together. The ratio of bottom ash to fly
ash volumes produced in lignite power plants is roughly 1 to 4.
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Figure 5: Estimated amount of ash obtained from combustion of lignite in European
countries (calculation based on data published by EURACOAL /1/)
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In most of the European countries, after dust separation in the electrostatic
precipitator (ESP) the flue gas is desulphurized in the flue gas desulphurization
(FGD) installation, where FGD gypsum or other minerals are produced. The clean
gas, free from dust and sulphur is carried off via the chimney or the cooling tower.

Based on data on lignite production and ash content published by EURACOAL /1/
the amount of ash from lignite produced in Europe was estimated. If a range was
given by EUREACOAL for the ash content, the mean value for the ash content was
chosen for the calculation of the respective ash amount. Based on this calculation an
estimated amount of 71 million tonnes of ashes were produced in Europe (see figure
5).

4.2  Properties of fly ash from lignite in Europe

The conditions in pulverised fuel-fired power plants for the power generation from
lignite result in two different types of ashes, which differ in their particle size
distribution and fineness as well as in their chemical composition. One of these two
types is the coarser bottom ash, which is discharged via a water bath at the bottom of
the furnace whereas the other one is the fly ash discharged with the flue gases and
separated in the ESP. It might be reasonable to use both ashes together for certain
purposes but the separated use of fly ash is advantageous for more demanding
applications, where the chemical reactivity of the ashes is used because the
reactivity increases with the fineness. The chemical and mineralogical composition of
the ashes is determined by the chemical composition of the lignite and the mineral
phases resulting from the temperature in the firing. Mineralogically, lignite fly ash
consists of about 30 to 70 % of amorphous (glassy) components. The remains are
crystalline (mainly quartz). Amorphous SiO,, Al,O3; and Fe,O3 are able to react
chemically with the reactive lime in the ash at room temperature if water is added.
Thus, they develop calcium silicate hydrates and calcium aluminate hydrates like
cement, whose structure leads to hardening and strength of the mixture. Therefore,
calcareous lignite fly ashes usually have pozzolanic hydraulic properties. However,
these properties can only be used technically if the material is sufficiently consistent.

Special attention has to be dedicated to the content of free lime and sulphate. In
contact with water they react and produce voluminous reaction products. Depending
on the content of the reactive components long-term reactions can occur, which
destroy already existing hardened structures. Moreover, the leaching of sulphates
can influence the environment in certain applications.

The chemical and mineralogical composition as well as the fineness is decisive for
the reactivity of lignite ash. To use these properties, a certain consistency in the grain
size distribution and in the chemical composition of the fly ash is required. The
economic advantage of lignite fly ash compared to other mineral binders is that lignite
fly ash as a fine reactive mineral does not need to be ground.

In table 1 the ranges of chemical composition of fly ashes from Germany, Greece,
Poland and Spain are given. The ranges in single parameters are influenced by the
composition of the lignite, with or without co-combustion, the kind of coal feeding to
the burner and the burning technique. Updated figures will be given in a report of the
ECOBA Working Group Calcareous Ash (under preparation).

2nd Hellenic Conference on Utilisation of Industrial By-Products in Construction,
Aiani Kozani, Greece, June 1-3, 2009



The biggest ranges are observed for SiO; in ashes from Germany and Poland. These
are caused by sand layers in lignite seams. The fluctuations of the other parameters

are mainly a result of the differences in SiO, content.

Parameter Germany Greece Poland Spain

13/ /4, 5/ 16l 7™

[% by mass]

SiO, 20 - 80 21 -35 20 — 88 49.8/53.3
Al,O3 1-19 10-14 0.6-9 17.3/18.2
Fe,0O3 1-22 45-6.5 15-7 8.7/7.9
CaO 2-52 30-45 3-49 24.9/20.8
CaOrree 0.1-25 =10 11.4/8.6
MgO 05-11 15-3 05-7 1.9/1.7
K>0 0.—-2 0.4-0.9 0.3/0.3
Na,O 0.01-2 05-1 1.7/1.6
SO3 1-15 4-8 0.4-125 4.3/4.7
TiO; 0,1-1
LOI Max 5 3-7 1.6-2.2 2.3/1.8

Y two samples, only
Table 1: Ranges in chemical composition of lignite fly ash in selected European
countries and Thailand

Investigations in Germany /8/ showed that the composition of fly ashes from the three
main mining areas (Rhenish, Central German and Lusatian area) show characteristic
differences. Whereas fly ash of the Rhenish and the Central German area contain
high amounts of lime and sulphur those from Lusatian area show comparatively
lower amounts.

The ranges in composition of lignite fly ashes from German power plants in different
mining areas are given in table 2. This is due to the size of the mining area, the coal
guality in the different parts of the mine as well as to the mining technology in respect
to production of coal mixes from different seems. It has also to be considered that the
ranges of fly ash from single power stations are even smaller.
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Mining area
Parameter Rhenish area Central German area |Lusatian area

[% by mass
SiO, 20-80 18 — 36 32-68
Al,O; 1-15 7-19 5-14
Fe,Os 1,5-20 1-6 6—22
CaO 2-45 30-52 8-23
CaOrree 2-25 9-25 01-4
MgO 05-11 2-6 2-8
K,O 01-15 0,1-0,5 05-2
Na,O 01-2 0,01-0,2 0,01-0,2
SO;3 1,5-15 7-15 1-6
TiO, 0,1-1 0,5-1,3 0,2-1
Cl <0,2 <0,1 < 0,02
C <2 <1 <2
LOI max 5 max 5 max 5

Table 2: Ranges in chemical composition of lignite fly ash from German power

plants in different mining areas /7/

5 Utilisation of CCPs

The CCPs from hard coal combustion are mainly utilised in the building material
industry, in civil engineering, in road construction, for construction work in
underground coal mining, the CCPs from lignite combustion mainly for recultivation
and restoration purposes in open cast mines. In 2006, about 56% of the total CCPs
are used in the construction industry, in civil engineering and as construction
materials in underground mining and about 37% for restoration of open cast mines,
quarries and pits. About 2 % were temporarily stockpiled for future utilisation and
4.8 % were disposed off (figure 6) /2/.

Compared to former years the figures for temporary stockpile and disposal changed
due to a change in legal interpretation in the member states.
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Figure 6: Utilisation and disposal of CCPs in Europe (EU 15) in 2006

The rates of utilisation, temporary stockpile and disposal for the single CCPs are
given in figure 7.
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Figure 7: Utilisation, temporary stockpile and disposal of CCPs in Europe (EU 15) in
2006
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5.1 Utilisation of fly ash

Fly ash obtained by electrostatic or mechanical precipitation of dust like particles
from the flue gas represents the greatest proportion of the total CCP production.
Depending on type of coal and type of boiler siliceous, silico-calcareous or
calcareous fly ashes with pozzolanic and/or latent hydraulic properties are produced
throughout Europe. The utilisation of fly ash across European countries is different
and is mainly based on national experience and tradition.

In 2006, about 21 million tonnes of fly ash were utilised in the construction industry
and for production purposes in underground mining (EU 15). Most of the fly ash
produced in 2006 was used as concrete addition, in road construction and as raw
material for cement clinker production. Fly ash was also utilised in blended cements,
in concrete blocks and for infill (that means filling of voids, mine shafts and
subsurface mine workings) (see figure Al in the Annex).

5.2 Utilisation of bottom ash

Bottom ash is a granular material removed from the bottom of dry bottom furnaces
operated at furnace temperatures of 1000 to 1200°C. Bottom ash is much coarser
than fly ash. About 3.1 million tonnes of bottom ash were used in the construction
industry. Out of this 41 % was used as fine aggregate in concrete blocks and in
concrete and 46 % in road construction (see figure A2 in the Annex).

5.3 Utilisation of boiler slag

Boiler slag is a vitreous grained material derived from coal combustion in wet bottom
boilers operated at temperatures of about 1600°C. Due to the high furnace
temperature the coal ash is molten, it flows down to the bottom of the furnace and is
removed from a water bath below the furnace bottom. Boiler slag is a glassy material.
About 35 % of the boiler slag produced was used in road construction in drainage
layers. Another 50 % was used as blasting grit and for grouting and about 12 was
used as aggregate in concrete (see figure A3 in the Annex).

54 Utilisation of FBC ash

Fluidized Bed Combustion (FBC) Ash is produced in fluidized bed combustion
boilers. The technique combines coal combustion and flue gas desulphurization in
the boiler at temperatures of 800 to 900°C. As the combustion process is designed to
handle different types of fuel also different kinds of sludges are often co-combusted
(sewage sludge, paper sludge, ...). FBC ash is rich in lime and sulphur. In 2006,
about 0.4 million tonnes were mainly used for infilling of underground mines, for the
construction of pavement base courses in road construction and for grouting (see
figure A4 in the Annex). It has to be noted that this amount is small compared to the
amount produced at least in Poland.

5.5 Spray Dry Absorption (SDA) Product
SDA product is a fine grained material resulting from spray dry or semi dry flue gas
desulphurization with lime as a sorbent. In 2006, about 0.3 million tonnes of the total
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SDA product was utilised in the construction industry and in underground mining
(63 %), for plant nutrition (8 %) and as a sorbent in wet FGD (29 %) (see figure A5 in
the Annex).

5.6 FGD Gypsum

FGD gypsum is produced in the wet flue gas desulphurisation process in coal-fired
power plants. The desulphurisation of the flue gas in the power plant and a refining
process in the FGD plant including an oxidation process are followed by gypsum
separation, washing and dewatering. Based on its constant quality FGD gypsum is
accepted in the gypsum and cement industry as a direct replacement of natural

gypsum.

FGD gypsum is used as a raw material for a number of gypsum products by the
gypsum industry because of its purity and homogeneity compared to natural gypsum.
About 62 % was used for the production of plaster boards. Other applications include
the production of gypsum blocks, projection plasters and self levelling floor screeds
(31 %). In the cement industry FGD gypsum is used as set retarder (7 %) (see figure
A6 in the Annex).

6 Requirements for use of fly ash in cement and concrete

For the use in or as construction materials the requirements in European standards,
which have to be considered for the placing on the market of coal ash, as well as
national standards, for the application in the countries, have to be considered. The
standards for aggregates, for cement and concrete consist of technical requirements
and define the measures for the internal production control as well as a third party
control.

6.1 Cement clinker raw material

There are no standards or regulations for the use of coal ash as a raw material for
cement clinker production. Nevertheless, the raw material situation of a cement plant,
i.e. the composition of the limestone and marl resources and the plant technology
cause specific requirements on fly ash quality. Furthermore, fly ash need to be
licensed as a raw material component for the cement plant.

6.2 Constituent in blended cement

The requirements for siliceous and calcareous fly ash for the use as a constituent of
blended cements are given by the definition of these ash types in EN 197-1 (see
table 3) /8/. Beside requirements for the basic cement composition in view to
reactivity limit values are defined for specific parameters (loss on ignition, sulphur,
chlorine) to avoid unsoundness of or damaging reactions in concrete constructions.
In 2007, the standard was revised regarding the definition of fly ash and the classes
for loss on ignition by linking to the EN 450.
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Parameter siliceous fly ash calcareous fly ash

\% w1l W 2

Loss on ignition® 0 up to 5 % by mass
2 up to 7 % by mass
4 up to 9 % by mass

Reactive calcium oxide? <10%bymass | 10-15%by | > 15 % by mass
mass

Free calcium oxide <1 % by mass

Reactive silicon dioxide® > 25 % by mass -

Compressive strength at 28d” - - > 10 N/mm?

Expansion® - - <10 mm

JLOI of up to 7 or 9 % by mass is allowed provided requirements at the place of use regarding
durability are met

2 CaO eqctiv = total CaO reduced by fraction calculated as CaCO; and CaSO,

¥ CaOfee-= amount up to 2,5 % by mass accepted when soundness is given (see 5))

4 SiO,eaciiv = fraction of SiO, which is soluble after treatment with HCI and boiling KOH-solution

® mortars with ground fly ash as binder, amount < 40um between 10 and 30 % by mass

® mixture of 30 % by mass ground fly ash, 70 % by mass cement

Table 3: Requirements on siliceous and calcareous fly ash according to EN 197-1
18/

The use of fly ash with a LOI of up to 7.0 % by mass or up to 9.0 % by mass is
permitted provided that particular requirements for durability, especially frost
resistance, and for compatibility with admixtures are met according to the appropriate
standards and/or regulations for concrete and mortar in the place of use.

6.3 Concrete addition

The standard EN 450 “Fly ash for concrete” was first published in 1994 /9/ and the
revised standards EN 450-1 “Fly ash for concrete — Part 1: Definition, specifications
and conformity criteria” and EN 450-2 “Fly ash for concrete — Part 2: Conformity
evaluation” entered force on January 1, 2007 /10, 11/. EN 450-1 deals with
definitions, specifications and conformity criteria for siliceous fly ash, which is
produced by burning of pulverized coal, with or without co-combustion materials, and
collected in a dry state, or which is processed by e.g. classification, selection,
sieving, drying, blending, grinding or carbon reduction or by a combination of these
processes. This is because in some countries fly ash has been processed according
to national regulations for years or, in some cases, decades.

At present, the standards are under revision. All parameters are subject to critical
review. Proposed changes will be documented in a respective background report.

Lignite (calcareous) fly ashes with a content of reactive calcium oxide > 10 % by
mass may not be used as concrete addition according to EN 450-1. The first national
standard for lignite fly ash for use in concrete was published in Greek FEK /12/ in
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2007. National certificates for calcareous fly ash as an addition to concrete were
granted in Poland and Germany.

6.4 Road construction

For the use of coal ashes in road construction bound and unbound applications have
to be considered. Unbound applications cover the use e.g. in base layers as filling
material, in dam construction or soil beneficiation. Bound applications cover the use
in hydraulic road binders and in concrete for road construction. For these applications
European, national and/or country specific regulations of road construction
authorities have to be fulfilled.

Furthermore, the European standards for soil beneficiation with fly ash (EN 14227-
13), fly ash bound mixtures (EN 14227 — 3) and for fly ash for hydraulically bound
mixtures (prEN14227 — 4) have to be considered. The two last European standards
refer to siliceous or calcareous fly ash which is produced from the combustion of
pulverized coal or lignite in power plants. In contrary to the requirements in EN 197
the reactivity criteria have to be declared.

For the use in hydraulic road binders the requirements of the European standard
prEN 13282 /13/ have to be considered. The revision of that standard resulted in the
preparation of three parts. Part 1 is dealing with rapid hardening hydraulic road
binders /14/. These are cement based binders which follow the requirements as
already known from prEN13282. Part 2 /15/ is dealing with normal hardening
hydraulic road binders. These binders have lower cements contents, the
compressive strength have to be tested after 56 days (part 1 at 28 days). A slaking
procedure was implemented to guarantee that also lime rich mixtures can be
evaluated in the laboratory. Part 3 of the standard deal with the conformity
evaluation.

Calcareous fly ash meeting the requirements of EN 197 as well as FBC ash meeting
specific requirements regarding the chemical composition can be used as main
constituents for the production of these binders.

It has to be noted that these European standards, by now, are not harmonized. They
can be used in addition to or instead of national regulations.

6.5 Aggregates

On June 1, 2004 new harmonized European Standards for for aggregates for
concrete (EN 12620) and for lightweight aggregates for concrete, mortar and grout
(EN 13055-1) were introduced. These standards contain requirements regarding the
characteristics of aggregates and the conformity criteria.

The standards have a common structure in view to the definition of categories, as in
European countries different climate cause different requirements. National
authorities have to introduce the relevant categories in their country by e.g. national
application documents.
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7 Present legal and standard issues

The impact of environmental regulations on management and utilisation of CCPs is
investigated by the ECOBA Environmental Issues Committee. Some issues delt with
over the last years were the “Thematic Strategy on Prevention and Recycling of
Waste”, the “Amendment of the Waste Framework Directive”, the “Commission
Guidelines on By-Products”, “Environmental regulations for the application of CCPs
in concrete for road construction, in contact with soil/ground and in contact with
drinking water”, REACH - “Registration, Evaluation and Authorisation of Chemicals”,
the “Assessment of Release of Dangerous Substances (CEN TC 351) and the
“Harmonised Standards Code” (HSC) of the World Customs Organisation (WCO). In
close so-operation with EURELECTRIC the committee prepared comments and

status reports within the ongoing revision of the Waste Directive.

7.1 Revision of the Waste Directive

According to the European Waste Framework Directive from 1991 waste is defined
as follows:

“‘Waste shall mean any substance or object in the categories set out in Annex |,
which the holder discards or intends or is required to discard”.

The categories in Annex | as mentioned above include: “Q 8 residues of industrial
processes (e.g. slags, still bottoms, etc.)” and “Q 9 residues from pollution abatement
processes (e.g. scrubber sludges, bag house dusts, spent filters eftc.)”.

Due to this Directive, CCPs have legally to be considered as waste. Within the
revision of the Waste Directive the discussion on the legal definition of by-products
and end of waste criteria was started at the European institutions. Whereas the
Commission preferred not to include a definition in the Directive and to give some
guidance to the industry by guidelines, Parliament and Council were in favour of a
definition for by-products, based on the jurisprudence of the European Court of
Justice, in the Directive. After long discussion between the Commission on one hand
and Council and Parliament on the other hand the definition of “by-product” and of
“‘end-of-waste” was agreed in the Waste Directive /16/. The most recent definition of
“by-product” and “end-of-waste” is given in annex 1. The Waste Directive has to be
introduced in the member states by December 12, 2010.

In article 6 of the Directive “end-of-waste” is defined by certain criteria to be defined
by the Commission. The criteria shall include limit values for pollutants where
necessary and shall take into account any possible adverse environmental effects of
the substance or object.

The Commission ordered the Institute for Prospective Technological Studies (IPTS)
and DG Joint Research Centre (JRC) to develop a general methodology for
determining end-of-waste criteria. The methodology was evaluated for aggregates,
compost and metal scraps. For these materials pilot studies were prepared and
discussed at stakeholder workshops. The methodology is assessment based as it
has to consider the wide range of waste materials. For aggregates the criteria will be
based on leaching limit values. The final report is available on the IPTS website.

It has to be mentioned that in many European countries or even regions some CCPs
have already been accepted as by-products by the authorities. Furthermore, it has to
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be noted that CCPs which are not subject to waste legislation are then subject to the
REACH regulation.

7.2 REACH Regulation

On 1st June 2007, the REACH-Regulation (Registration, Evaluation, Authorisation
and Restriction of Chemicals) entered into force /17/. REACH requires that chemical
substances on their own, in preparations and those which are intentionally released
from articles have to be registered to the European Chemicals Agency (ECHA).

The overriding goal of the regulation is to improve the protection of human health and
the environment from the risks of chemicals while enhancing the competitiveness of
the EU chemicals industry. By this, all chemicals manufactured in or imported into the
EU have to be registered at the European Chemicals Agency (ECHA). The
registration requires information on the properties and the potential risks of the
substances.

REACH is not specifically made for CCPs. But as CCPs are mainly utilised in the
building material industry, in civil engineering and in road construction they are
placed on the market and for many applications they are subject to REACH.

Each producer or importer of coal combustion products (CCPs) placed on the market
as construction materials has to pre-register and to register its substances. The pre-
registration requires information on the substance identity, the tonnages and the
name and address of the producer. The registration requires i.a. comprehensive
information about toxicology and ecotoxicology of the substances.

In Europe, non registered substances can not be placed on the market after 1% June
2008 any more! For CCPs, since they are already registered in the European
Inventory of the Existing Commercial Chemical Substances (EINECS) the deadline
for registration is extended to 30 November 2010. This is only true if the producer
pre-register in the period of 1st June to 30 November 2008!

At present, the European producers of CCPs are forming consortia for the
registration of the different CCPs. A major problem is the identification of the huge
number of producers regarding the produced CCP as well as the definition of the
substance specification.

7.3 Environmental compatibility of the use of CCPs

There are many environmental benefits connected with the use of CCPs as saving of
natural resources, saving of energy, saving of emissions of pollutants to the air,
saving of CO, emissions and saving of disposal space. Nevertheless, the
environmental impact of the use of CCPs has to be considered in any application. Fly
ash and bottom ash as any natural minerals contain a certain amount of trace
element compounds. The concentrations of some of the trace elements may be
higher in fly ash than in natural minerals or products used for a certain application. In
order to avoid any negative impact on the environment or on human health,
regulations have been developed for the different uses of industrial by-products at a
national level in the European Member States.

In November 2005, CEN established a new Technical Committee (CEN/TC 351) for
"Construction products: Assessment of release of dangerous substances". The TC

2nd Hellenic Conference on Utilisation of Industrial By-Products in Construction,
Aiani Kozani, Greece, June 1-3, 2009



shall develop horizontal standardised assessment methods for harmonised
approaches relating to the release (and/or the content when this is the only
practicable or legally required solution) of regulated dangerous substances under the
Construction Products Directive (CPD) taking into account the intended conditions of
the use of the product. It addresses emission to indoor air, and release to soil,
surface water and ground water. With the assessment methods information may be
given for the CE marking of construction products on the release of dangerous
substances in the use phase.

8 Summary

The total production of coal combustion products (CCPs) in EU 27 is estimated to
amount to about 100 million tonnes. A major part of is produced in lignite fired power
stations. The CCPs include combustion residues such as boiler slag, bottom ash and
fly ash from different types of boilers as well as desulphurisation products like spray
dry absorption product and FGD gypsum.

CCPs from hard coal combustion are mainly utilised in the building materials
industry, in civil engineering, in road construction, for construction work in
underground coal mining. The CCPs from lignite combustion are mainly used for
recultivation and restoration purposes in open cast mining. Depending on their
chemical, mineralogical and physical properties, they are also used as filler in
asphalt, in underground mining, for surface recultivation, soil beneficiation, cement
production and as addition to concrete. CCPs are used as a replacement of natural
resources. Their utilisation helps to save natural resources and to reduce the energy
demand and greenhouse gas emissions to the atmosphere caused by mining and
generation of products which are replaced by CCPs.

The use of CCPs has developed by the years and is mostly based on requirements
of standards or other specifications which are subject to regular revision by CEN or
national authorities. At present, the European standards EN 450-1 and EN 450-2 are
under revision. Within the ongoing revision of the standards all parameters are
subject to critical review. Proposed changes will be documented in a respective
background report. Furthermore, the European standard for hydraulic road binders
with basic definition also for FBC ash as a main constituent, will be published in an
updated version with three parts.

The utilisation is becoming more and more restricted by environmental regulations. A
European Technical Committee is working on horizontal standardised assessment
methods for the release of dangerous substances from construction materials. In
addition, the legal definition of CCPs as waste causes hurdles, which are
unnecessarily impeding the utilisation markets, which have been developed in the
last decades. The revised Waste Directive contains a definition of “by-products” and
“end-of-waste” and have to be introduced by December 12, 2010.

Materials not being waste are subject to REACH and have to be registered before
being placed on the market. For CCPs, a special regulation is used since they are
already registered in the European Inventory of the Existing Commercial Chemical
Substances (EINECS). By this, the deadline for registration is extended to 30
November 2010. This is only true if the producer have pre-registered in the period of
1st June to 30 November 2008! Not pre-registered producers must register directly.
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Annex |
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Utilisation of Fly Ash in the Construction
Industry and Underground Mining in Europe
(EU 15) in 2006.

Total utilisation 20.1 million tonnes.

Figure A2:

Utilisation of Bottom Ash in the Construction
Industry and Underground Mining in Europe
(EU 15) in 2006.

Total utilisation 3.1 million tonnes.
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Utilisation of FBC Ash in the Construction
Industry and Underground Mining in Europe
(EU 15) in 2006.

Total utilisation 0.4 million tonnes.
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Utilisation of SDA- Product in the
Construction Industry and Underground
Mining in Europe (EU 15) in 2006.
Total utilisation 0.3 million tonnes.

Figure A6:
Utilisation of FGD gypsum in the Construction
Industry in Europe (EU 15) in 2006.
Total utilisation 9.0 million tonnes.
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Annex Il

The revised Waste Directivel contains a proposal for a definition of by-products in
article 5 as well as for end of waste status in article 6.

Article 5
By-products

1. A substance or object, resulting from a production process, the primary aim of which
is not the production of that item, may be regarded as not being waste referred to in
point (1) of Article 3 but as being a by-product only if the following conditions are
met:

(@) further use of the substance or object is certain;

(b) the substance or object can be used directly without any further processing
other than normal industrial practice;

(c) the substance or object is produced as an integral part of a production
process; and

(d) further use is lawful, i.e. the substance or object fulfils all relevant product,
environmental and health protection requirements for the specific use and will
not lead to overall adverse environmental or human health impacts.

2. On the basis of the conditions laid down in paragraph 1, measures may be adopted
to determine the criteria to be met for specific substances or objects to be regarded
as a by-product and not as waste referred to in point (1) of Article 3. These
measures, designed to amend non-essential elements of this Directive by
supplementing it, shall be adopted in accordance with the regulatory procedure with
scrutiny referred to in Article 39(2).

Article 6
End-of-waste status

1. Certain specified waste shall cease to be waste within the meaning of point (1) of
Article 3 when it has undergone a recovery, including recycling, operation and
complies with specific criteria to be developed in accordance with the following
conditions:

1 waste Directive (2008/98/EC) of the European Parliament and the Council of 19 November 2008
on waste and repealing certain Directives, Official Journal of the European Union (L312/3),
22.11.2008
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(@) the substance or object is commonly used for specific purposes;
(b) a market or demand exists for such a substance or object;

(c) the substance or object fulfils the technical requirements for the specific
purposes and meets the existing legislation and standards applicable to
products; and

(d) the use of the substance or object will not lead to overall adverse
environmental or human health impacts.

The criteria shall include limit values for pollutants where necessary and shall take
into account any possible adverse environmental effects of the substance or object.

2. The measures relating to the adoption of such criteria and specifying the waste,
designed to amend non-essential elements of this Directive, by supplementing it,
shall be adopted in accordance with the regulatory procedure with scrutiny referred
to in Article 39(2). End-of-waste specific criteria should be considered, among
others, at least for aggregates, paper, glass, metal, tyres and textiles.

3. Waste which ceases to be waste in accordance with paragraphs 1 and 2, shall also
cease to be waste for the purpose of the recovery and recycling targets set out in
Directives 94/62/EC, 2000/53/EC, 2002/96/EC and 2006/66/EC and other relevant
Community legislation when the recycling or recovery requirements of that
legislation are met.

4, Where criteria have not been set at Community level under the procedure set out in
paragraphs 1 and 2, Member States may decide case by case whether certain
waste has ceased to be waste taking into account the applicable case law. They
shall notify the Commission of such decisions in accordance with Directive 98/34/EC
of the European Parliament and of the Council of 22 June 1998 laying down a
procedure for the provision of information in the field of technical standards and
regulations and of rules on Information Society services' where so required by that
Directive.

' 0JL204,21.7.1998, p. 37.
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Tpoxtikd 2o0v Iavelinviov Zvvedpiov yia v Aéiomoinon twv Biounyovikaov [apampoioviwv oty Adunon,
EBIIIAP, Aiavip Kolévng, 1-3 lovviov 2009

Xpnon Buounyovikov Toapanpoioviov kot Teyvikov yio Meiwon
tov [Tepiarroviikov Kootovg toov Katackevmv

E.I'. llamaddxng
Avarinpotic KaOnyntig, Tunuo Awoyeipiong Iepiforlovios & Pvoikawv [lopwv, Hovemotiuio loavvivaoy

Aéeig kherdia: Bropunyovikd moparpoidvta, TepPAAlov, KOTACKEVES, KOGTOC, GKUPOSELA

HEPIAHYH: O topéag d6punong otov EAAVIKS ydpo Katéyel Tpmtevovca 061 oTIC YEVIKOTEPES
Bropnyovikég/ texvoroyiké dpactnplotntes (KOKAOG epyacidv, amacydinon). Avtictoyn sivat kot
N ovpuetoyn tov oty emPdpovon Tov mEPPAALOVTOS AmO TAELPAS KATAVAAW®GONG N
AVOVEDGIU®V TNYDOV EVEPYELNG Kol TOPp®V, aepiov ekmopnmv (kuping CO,), otepedv anoPfAntmv,
KAn. Tnv onpoavtikotepn 0éom otov topéa dounong Koatéyxer M Prounyovie ToWEVTOL KoL
oKLPOSEUATOG. XTO TTapOV dpBpo eEetdlovtar Bpata Prdoyng avartuéng Tov topéa dOUNoNG Kot
npooeyyiletar 10 mEPPOALOVIIKO KOGTOG TOL TPOKVTTEL KOTA TNV TOPAY®YN, HETOQOPA Kot
oUVOES TOV KOTOOKELAOTIK®Y VAIK®V. Ilpoteivovior ypnoelg kol teyvikég yuoo peiwon Tov
TePPOALOVTIKOD KOGTOLG TOV GKLPOOEUOTOS Kot GAA®Y dopik®dv vAKodv. Ot tpdmotr peimong
mepthapfdvouv pelmorn g mopay®yng omoPAATOV KoL TNG EKTOUTNG OEPI®V  QUIVOUEVOL
Oeppoknmiov, ektetopévn  ypon  POUNXOVIKGV  TOPATPOIOVIGOV Kol - ovopiemv, Mo
OTOTELEGUOTIKY] YPNON OPLKTAOV KOl UETOAMKAOV TOP®V, CVENUEVN ¥PNOT OVAKVKA®UEVOV
VMKV, TOPIAANAL [LE ETUNKLVGOT] TG AVOEKTIKOTNTOG TV KATUGKELMV.

Use of Industrial By-products and Techniques for Decreasing the
Environmental Cost of Constructions

V.G. Papadakis

Associate Professor, Department of Environmental and Natural Resources Management, University of
loannina, Greece

Keywords: Concrete, constructions, cost, environment, industrial by-products

ABSTRACT: The building sector in Greece occupies prime position within the industrial /
technological activities (turnover, employment). Its contribution to the environmental burdening is
also similar due to consumption of non-renewable sources of energy and natural sources, gas
emission (mostly CO,), solid residues, etc. The most important position in the building sector has
the industries of cement and concrete. In the present paper, issues of sustainable development of
the building sector are examined and the environmental cost is approached from the production,
transportation and application of the component construction materials. Various usages and
techniques for the decreasing of the environmental cost are proposed for concrete and other
building materials. These proposals include restriction of residue production and emission
responsible for the greenhouse phenomenon, extended use of industrial by-products and their
various mixtures, more efficient use of mineral and metallic sources, increases use or recycled
materials, in parallel with lengthening of the construction durability.



1 EIZAT'QI'H

Yrdpyet vy gpévia n avtinymn Ot ot otdyol TG Propnyaviog Kot €v YEVEL TNG OUKOVOMKNG
peyébuvong dev oopfadifouv pe ) datipnon kot v avaPdduion tov mepiPdAilovtog. Agv
VIAPYEL Kapio apeBora Twe N avTiAnyn ovtr, ev pépel £0TM, 10YDEL Kot GNUEPE — AVTUTAAEDETOL
OU®G omd TNV mpoTeWVOuEVT «Prdown N Tpdovn avartuény. Tic televtaieg dekaeties oyedacHLOV
™G mePPAALOVTIKNG TOMTIKNG, €XEL YIVEL GUPNG E0TIOGCT] Yot TNV TPOGTAGIO TNG TOLHTNTAS TOV
nepPdAlovtog pe peimon g avlpmmoyevohc puTOVoTS, 08 ETITESO TOL VA EIVAL «ATOJEKTO» OO
mv Kowmvia. Avtoi mov kKabopilovv v mePPAALOVTIKY TOATIKY] £YOVV KOTLIGEL OPKETA YOl VL
gviomicovv 10 «mOGo koBopd eivor to KabBapd» kol d€xovior v mpdkAnorn va Beomicovv
amOd0TIKA, GE OYECN HE TO KOOTOG, PETPO Yo TNV EMiTELEN TOL OMOOV EMTESOV TOLOTNTOGC
kabopiletan [1,2].

H Bidon avantuén yevikd, oAl kot 101kdTEpA 6TOV TOUEN TNG OOUNOTNG, EKQPALEL Lo cUYYpOovY
TPOKANCN TPOG TOVG TEPPOAAOVIOAOYOVG, TOVG OWXEIPIOTEG TMV (PLOIKOV TOP®V KOl TOLG
LUNYOVIKOUG, TOV KAAOVVTOL VO TV KOTOVONGOLV KOl VO TNV TPOCEYYIcouY. AVTO GUVERAYETOL OTL
KkéOe €ld0Vg KATAOKELN TPENEL TAVTA VO GLVOOEVETAL OO pio TEPPOALOVTIKY HeAETT), 1| omoia Oa
ooNyel TOVG KOTAOKEVOOTEG, UEG® EVOAAUKTIKOV ADGEWDV, o0& J0UEG TEPIOGOTEPO PLOCIUES Kot
OUAIKEG TPOG TO TEPIPAAAOV Kal Tov dvBpmmo. Avtol Tov €ld0LG N TOMTIKY dgv ePapuUOleTaL OE
avotnpd Pabud onuepa — PplokdpaoTe OU®G LAAAOV OTIS AmapyES TNG.

210 mapov dpbpo egetalovian katapyv otoryeia mTov cuvhEétovy To {TUa TG PLOSOTNTOS TOV
Topéa dounong. YmoBétovtag OtL gival yvootd T TEYVIKA GTOLXElN TV PUCIKOTEP®V SOUKOV
VAMKOV  TOL  YPNGLUOTOIOVVTIOL  ONUEPO. GTOV  KOTOOKELOOTIKO TOpEd, VTOAOYileTol TO
ePPOALOVTIKO KOGTOG OV TPOKLATEL KOTEL TNV TOPAY®YN, LETAPOPE KOL EQUPLOYN TOLG KOl
YIVOVTOL GUVOTTIKEG OVOQPOPEG GE EMKPOATECTEPES YPNOES KOU TEYVIKEG TOL HEWDVOLV TO
ePPOALOVTIKO KOGTOG IO KATUGKELNG.

2 TIEPIBAAAON & BIQXIMH KATAXKEYH

Tig tehevtaieg Oekoetieg €yel KoT@ Kown opoloyio moapatnpndel &viovo evolapépov yio To
nepPdAlov, evd Tedgvtaio ovtd eKONAGVETOL OAO KOU O SUVAIKE TOGO Amd KLPepVNoELg
TayKoopimg, 660 Kot amd dbpopa kovavikd otpopata, MKO, kir. To owovpevikd evilopépov
Y to mepPdAlov dev AeNoe AdlAPOPOVS Kol TOVG OUPOPOLS TOPOYMYIKOVG TOMEIS Kot
Bropnyavieg 6mwg N KotaokeLASTIKY Plopnyavia, 1 omoio EMOIDKEL TNV TPOGUPUOYN TNG OTIC
AmOTNOELS Kol apyég T Biwowung Avantuéng péow e Bibvoung Kataokevmg.

Yy nopeia wpog v Biwowyn Kotookevn, 1 Comitee International du Batiment - International
Council for Research and Innovation in Building and Construction (CIB), ®g o kafodnyntikcog
S1eBvng opyoviopOg Yo TIG EPEVVNTIKEG GLUVEPYOGIEG OTO KTIPLOL KOl TIC KOTOOKEVEC, E0TIOGE TIG
dpaoctnprottéc g otV Biwown Kotaokevn kot eiye wg amotéiespo 1o [Haykocmo Xvvédpro
tov Katackevdv tov 1998 oto Gavle tng Zoundiag va éxer 0épa: «H Karaokevn xoir to
Lepifallovy. Z1Ox0g TOL GLVESPIOL NTOV Vo eMTELYOEl Lo TAYKOGUIO GUVEPYOSIQ Yo TNV
xopa&n g mopeiog TPOG o PEAAOVTIKA PldOIUN KOTOOKELAOTIKN Propunyavic. Amd nv
ovvepyacio peta&d moAldv Oiebvov opyaviopov ommg RILEM, IEA, CERF, ISIAQ wim.
TPOEKLYE 1) KOWE amodekth) «At¢évra 21 yio v Bicoiun Kazoorevny.

O1 oNUOVTIKEG TAGELS PEGO 0T CIUEPIVT] KOWmVia Tov £xouv 1| Ba €yovv o dpeon enidpacn ot
Brounyavio Tov katackev®v eivat ot €ENG:

1. H ovveyouevn avénon tov TAnbucuov.
2. H eméxtoon TV amoitoeny DTOSoUdV.



3. H Ymapén mepiocotepng mieons yio ) HEl®oN TV EKTopT®dV Tov emProfov agpiov, dlaitepa
oV d10&e1diov Tov avOpaka (COy).
4. H cvvednrtonoinon 0Tt 01 QLGIKOL TOPOL Elval TEPLOPICUEVOL.

O gpyaoieg Kotaokevdv eivan o peydin dpactnprotnta Kot oty EAAGSa. Xav amnotéhecpa, N
Bropnyavio towévtov kot okvpodépartog €xel avantuybel gvpémg T6G0 6e mMOWOTNTA OGO KOl GE
mocotnta. Katd péoo 6po mapdyovior otnv EAAGda 15 exatoppidpla tovol TGHEVTOL UE TTEPITOV
50% va g&ayetal. Bdon avtov tov dedopévav, n EAAGda givor n méun ydpa oty Evporaikn
‘Evoon oty mapoaywnyn toipéviov, 1 tpdtn Evponaikiy ydpa o eEaymyn ToévTon Kol po omd
TG TpMTEG YOPES e€aywyng otov kOcpo. To mocd KaTaAvIA®MONS TOYWEVTOV avd KATOKO GTNV
EXLGda ayyiletl toug 0.8 tévoug etncing kat gival £va and Ta VYNAGTEPA TOGOGTA TOV KOGHLOV.

Xe Oebvég eminedo kot kupiwg otig yopeg g A. Evpdnng koaw B. Apepiknig €govv Egkwvnoet
duvapukd dibpopeg Tpoomdbeleg peimong tov TEPPAALOVTIIKOD KOGTOVS TOV KATUCKEV®DV TPOG
Buoon avamtuén tov topéa dounong. Xwnv EAAGde emiong mapatnpodviol opKeTES TETOLEG
npoondbeieg amd epevvnTikég ouddeg Iavemompiov kor tunpdtov ‘Epevvag & Avamtvéng
Bopnyoviov. Ta mpoypdppote avtd otoxgbovv otny avamntuln OldAmv ETKOVOVING Kot
oLVEPYGTOG LETAED TMOV OKAOTUUTKAOV, EPEVVITIKAV, TEYVOAOYIKOV POPEMV KOl EMLYEPTICEDV TOV
[diwtcod Topéa mov €rovv emotnuoviKd evdlapépovia 6to Bépa g fiwaiuns aviarrolns Tov
KOTOOKEDOTTIKOD TOUEA.

O topéag dOUNoNG KATEYEL TPOTELOVGA OEGT OTIS YEVIKOTEPEG PLOUNYOVIKEG KOl TEXVOMOYIKES
dpaoctnprottes. Xtov gupvtepo Evpomaid ydpo mapovoidlel kokio epyacidv 800 d16. gupd
gmoimg mov avtiotoryel 6to 11% Tov cuvoikol Evponaikod sicodnpatos. Amacyoret mepl ta 30
exat. avBpmmovg, mepimov 10 20% oV GUVOAIKOD gpyatikov duvaukov g EE. Avtictoyn etvon
Kol T OLUUETOYN TOL TOpéd dounong otnv emPdapuvon tov mePPdAlovtog amd TAEVPAC
KATOVAADONG U1 OVOVEDGIL®Y TNYOV EVEPYELNS, EKTOUTNG 0EPI®V POT®V, GTEPEDV OMOPANTOV,
KA. T v KowvoTNTO 0V TOV TOV TOPEX, 1 Evvold TNG Plrdoung avarntuéng mepthapupdvel T ypnon
VAMKOV DYNANG anddoomg OV TAPAYOVTOL GE AOYIKO OUKOVOUIKO KOGTOG Kol UE TO YOUNAOTEPO
duvato TePPAAAoVTIKG KOGTOG .

Tnv onuovtikotepn 0éom otov topéa dounong Kotéxel 1M Propnyovie ToOYREVTOL KoL
oKVpodEpaTog (65% oV epyaticol duvapkov, 80% twv aepiov ekmoundv). To ckvpddepa e
towévto Portland eivor éva onuavtikd LVAIKO KOTACKELGOV O1EBVMOC. AVGTLXMDS M TOPUY®YN
towévtov Portland glevbepmver peydreg tocotnteg CO, otnv atudceapa. Enedn avtd to aéplo
oupupdrel og peydro PBabuo oto pavouevo tov Beppoknmiov kot oty avénon g Beppoxpaciog
TOV TAQVITI], Ol AVOTTUYHEVEG YDPES GLUVEXDS £EETALOVV TNV BECTION MO CVOTNPOV KOVOVIGU®OV
Kol TmEPopoU®Y  6cov  agopd v ekmopmn CO,. Adyo 1OV 0ovoyK®V vmodoung Tov
OVOTTUGGOUEVOV YOPDV, 1 OVAYKT] CKUPOOEUOTOC KOl KOTO GUVERELD TOUYEVTOV OVOUEVETOL VO
avéndel onuoviikd oto mpooexég uéAAov. H emola moykoou mopaymyn oKupodEUatog eival
nepinmov 5 doekatoppdpla tovol. ALloonueimto givor va avaeepbel g avtd o onueio, To Yeyovog
OTL M TOYKOOULO KOTOVAAMGT] GKUPOOEUATOC EPYETAL SEVTEPT] UETE TNV TOYKOGLLO KOTAVOA®ON
vepov! H mopaymyn katookev®v amd TovPAa gival pévo 1o €va dEKOTO TEPITOL TG TOGHTNTOG
OKVPOSEUATOG € PAPOC Kol o1 EOAVEG KATOOKELEG oV yTilovtan givar Aydtepo amd to 5% g
ETNOIG TOPAYOYNG OKVPOdEUaTog, oe Papog. EEatiag g peyding mocdtrag mopaymyng eivot
OMNUOVTIKO VO TPOGOIOPIoTEL Kol Vo TEPLoplabel 1) eMidpOoT TOV GKVPOSEUATOS TNV OLKOAOYIA.

Inuepa N Prwcotnta g Propmyovicg okvpodépatog e&etaletl o {NTALOTE TOV VAIKOV, 0TS T
OULOTOTIKGL 7OV YPNOLUOTOOVVTOL Yo TNV OvTiKatdotoon tov towévrov Portland kot v
avaKOKA®oN Tov okvpodépatog. H Bropnyovia oxvpodépatog avtipetonilel Tig oAAAyES Kol TiG
TPOKANGELS TTOV EMOPOVV GTO UEAAOV TNG. YTAPYOLV 2 TNYEC AAAMYNG TTOV 001 YOUV T Bropnyovia
OKVPOJEUATOG CNUEPD: Q)EKEIVEG TTPOEPYOUEVES MEGOH OO TIG €EEMEEIC TG KOW®MVIOG MOG Kot
B)exeiveg mov mpoépyovtar péca amd tnv 1ot ) Propnyovio. Etol o 1poémog pe tov omoio 10



okvpddepa oyxedaletar, mpoodropiletal, mapdyetol, Topadidetal, TomodeTeital Kot OVOKVKADVETOL
Ba aAraEel oTO PEALOV.

O oxomog g Prdoung avantvéng ot Propnyovieg ToEVIOL Kol GKUPOOEUNTOS Elval KOTd
GUVETELD TOAD OMUOVTIKOG Kot pmopel va emttevyBel edv yiver coPfopn mpoomdbeia yio tn mANpN
a&lomoinom Tov VIPAVAKAOV TAPUTPOIOVI®V TOV TAPAYoVTaL OO GTABULOVG Tapay®mYNS Bepuikng
1oY0oG Kol pHeTaAAOVPYIKES Propnyaviec. 'Exyovtag cav otoéyo v maykdoua Pooiun avamtoln,
glvar avaykaio vo ypnoomo8ovv CUUTANPOUATIKE VOPAVAKA VAIKA OOTE VO AVTIKATAGTGOVY
peyalo pepidlo TOL TOWEVTOVL OTIS KOTOOKELEC. Avapeso oe avtd, to mAéov Owbéoiio
GUUTANPOUATIKO VIPAVAIKO VAKO moykoouiog sivor avapeifoia n wmrapevn téopa (IT), éva
TOPOTPOIOV TV GTAOU®V Tapaywyng BepUikng 1oyvoc.

3 EKTIMHXH IIEPIBAAAONTIKOY KOXTOYX KATAXKEYQN

To mepiPaiiovtiKd KOGTOG TV KaTackev®v unopel va petpnBel xopiog oe exkmounés CO, (1 ko
aepiov Beppoknmiov) Tov mopdyovTol oTo S1éPopa GTASIN TUPAYWYNGS, LETAPOPAS Kot YP1oNG TOV
VMKV ot katookevéc. H evépyeia mov Koatavoimvetor omd T Propnyavieg amotelel &vav
eMMAEOV oNUOVTIKO Tapdyovta wpog perétn. H evépyelo avth mov petpiétar oe KWh amofdaiie
010 mepdriov pomovg pe ™ popen CO, "Etotl cuvumoroyiletor kot auth yo TV €KTIUNGN TOL
TePPOALOVTIKOD KOGTOVG TV KOTAoKELV®V. Akopa eggtalovtatl kot dArol mapdyovieg Ommg M
KATOVAA®ON o' VADV KOl VEPOV, 1 EKTOUTY| GAA®V pOTOV Kol GKOVNG, M MYOPVTAVOT), KAT.,
TOPAYOVTEG MG OMOTEAECUA TNG KOTOOKEVAGTIKNG dpaotnptotnTog Kot Oa mpémel va eEeTactovy
K0l VO GUVUTTOAOYLGTOVV GTO GUVOAKO TTEPPOAAOVTIKG KOGTOG.

Ta BaciKd KOTAGKEVAGTIKA DVAIKA GUVNOICUEVOV KATACKEL®Y 0O OMAMGUEVO CKUPOSEUD ETVaL:
- 10 okvpodepa (Toévro, adpovi, vepod, TpOcHeTa, TPOCUIKTO)
- 0 y0vPoag
- 10 ToVPAa
- 1o emypicuarto
- KA. (LOVOGELS, TAUKAKLO, XPDUOTO, KOVQMUUTOL, NAEKTPOUNYOV/KOG eE0MMG OGS, K.0L.)

Ocov agopd 10 Pactkd vVAKO d60unong, 10 Toévto, ot cvvolkes ekmopnés CO, amd Tig
tolevtoflopnyaviec vroloyilovtal ®g 10 GOVOAO Tov mocoL Tev ekmounmv CO, oamd v
mapoywyn KAlvkep (avtidpdoelg didomacng CaCOs), amd v mopayw®yn TNG OmoUTOOUEVNS
NAEKTPIKNG EVEPYENG KOL OO TNV TOPOy®YN NG omartovpevng Bepuukng evépyelng (ovvnbmg
Kavon avBpaka 1M GAAOL OlKOVOHIKOD KOovoipov) otig Propnyovikés povédeg. Emmiéov,
LETAPOPE TOV TPMTOV LAOV KOl T®V TEAMKAOV TPOIOVTIOV GLUPAAAEL EUUECH GTO WEPIOO TNG
exnmopnng CO, amd ™ Propnyavia toéviov. Ze moykoouo, KAipaka 1 fopnyovio Toyéviov givan
vevbuvn og T0600T6 20% TV avlponoyevav ekrtountmv CO,.

Kotd ) dwdikacio mapaymyng toéviov mepimov 0.97 tovor CO, mapdyovtor yio kébe tOvVo
mapoyopevov kiivkep. Ta T0c006Td 0voloyovv 6TO YNGIUO KOTA TIG avTidpdcelg otdomaong CaCOs
(0.55 tévor), o ypfon (kaven) tov avhpaka kot kowoipwy (0.34 tovot) Kot yio TV Topaymyn g
amattovpevng niektpikng evépyetag (0.11 tovor) (Marchal, 2001). X évav péco 6po, mepimov 900
kg kiviep ypnopomorovvtor oe kabe 1000 kg topéviov mov mapdyoviol. Kard cvvéneia ke
TOVog ToLuévTov cuvdsetan pe 0,873 Tovoug ekmoprtdv CO, (CEMBUREAU, 1996, 1998, 1999;
International Energy Agency, 1999; McCaffrey, 2001). Edv g avtd npocHécovpe Kot TG EKTOUTEG
CO; mov mpoépyovtar amd TNV UETOPOPE TOV TPOTOV VADV KOl TOV TEAK®OV TPOIOVI®V, TOTE
avaAoyKd | Tapaymyn] 1 Tévov toyuéviov ghevbepaver mepimov 1 tovo CO, oty atpécparpa.
Eme1dm ot ekmopmég mov apopovv o GAAG CLGTATIKA TOL GKLPOSEUATOG (AdpavT), VEPD, KAT.) givar
KaTd TOAD pikpoTepeS, ot ekmopnég CO, mov mpoépyovial omd To TGUEVTO E€IvOl KOl OVTEG TOV



yopaktnpifovv cuvolikd to mapayOUEVOo oKLPOOEND. AVTIOTOLOL VITOAOYIGHOTL LILAPYOVY KOl Yol
T GAAL OOUIKA DALKA, TTOV TEMKA SIOLOPPOVOLY TO GUVOLO TOV TEPIPAALOVTIKOD KOGTOVG,.

4 MEIQXH IIEPIBAAAONTIKOY KOXTOYX KATAXKEYQN

H oyéon peta&d Adunong xor Ilepifdiiovioc onpaivel 0Tl omolodnNmote evéPyelo aQopd TNV
Katookevn €xel dpeon enidpacn 6to TEPPALAOV KAt EYEL TEGGEPELS GUVIGTMGEG:

e Myn LEYGA®V TOGOTHTOV TPOTOV VA®V (adpovi 7y TNV TOpoy®yn TOLUEVTOL,
OKVPOJEUATOS, KEPAMK®DOV) UE OMOTEAEGUQ TN OPOCTIKN Helwon Tov anobepdtov Tov
0PLKTOV PLGIKOV TAOVTOL TTOL dLapK®S LroPabuileTar,

®  KOTOVAA®MOY VYNADV TOGOTHTMOV EVEPYELQS YLOL TNV TOPAYMYN, UETAPOPE, XPNon TMV
TPOTOV VADV KOl TOV TEMKOV TPOIOVI®V TOVG,

EKTOUTEG peydAwv Tocottev aepiov dnwg CO,, SO,, katd TNV Tapay®yn TOVGS,
dnpovpyia TEpASTIOV GYK®OV SOMKOV OTOPPILLATOV amd TIS TAAEG KATAGKEVEG TOL gival
ektog Asrtovpylog M katedapifovior Ady® vE®V amoltnoew®v, OAAG Kot omd LAKE
KOTESAPLONG TOL TPOEPYOVTOL OO PVGIKESG KATAGTPOPES (oe1opol, BOEAAEC, KAT.).

H pokponpdbespn mpocéyyion yia va petmBel n teptfaiioviikn enidpoon amd Ty ¥pnNoLonoinon
OTOLOLONTOTE VALKOV, €ivol Vo EAOTTMOEL TO TOCOGTO KATAVAAMONG TOV. Bpoyvmpobeouoa, npémet
vo. apyioovue va epopuolovue t Blounyavikn otkoloyia yio pio frooiun Prounyovikn ovartoén. H
EQOPUOYN NG BLOUNYOVIKNG 0IKOAOYINC TEPIAAUPAVEL TNV AVAKDKA®MGT TOV (YPNOTOV TPOTOVI®V
oG Bropnyoviog Kot Ty ypNOLUOTOiNcT Tovg Omd o GAAN Bropnyoavia, aviiKafioT®viog Tic
apOEveg TPOTEG VAES [LE TIC OVOKVKAMGCIUES. Me avTdV TOV TPOTO UELDOVOLV TNV TEPPAAAOVTIKN
enmidpaon kot o1 Vo Propnyavies.

2OpemVa e TIG VIAPYOVCES TANPOPOPiES, TAv® and 1 dtoekaToppdplo Tovol amdPAnTe amd TV
KOTOOKELN Kol TN Koteddpion mapdyovtal Kabe £10¢, maykoopimg. Ot 0IKOVOUIK®DG OmOd0TIKEG
TEYVOLOYIEG EIVOL S10OEGIIEG VO AVOKVKAMGOLV TO TEPICCOTEPA OO AVTA T ATOPANTA KoL VoL TO
YPNOUYLOTOGOVV (MG HEPIKN OVTIKOTAGTACT TOV YOVOPMV 0dpavmdV OTIG VOTES OVOpIEELS
okvpodépatoc. Opoime, o vypd Propnyavikd omdfinta Kot o U TOcLo VOUTH UTOPOVV Vo
OVTIKOTOGTHOOVV TO KAOGIKO VEPO OVAWENG OTNV TOPAY®YN] TOV GKLPOOEHOTOS, E€KTOC OV
amodeukvoovtor emPAaP] and Tig doxpég. Ta ovvheTo To1pEVTA TOV TEPIEYOVY IMTAUEVT TEQPUL,
OV TPOEPYETOL OO TIC EYKOTUCTACELS TOPAYMOYNG EVEPYELNG TTOL AEITOLPYOVV UE AvOpaka KOl 1)
oKopio VYIKopivev, arotelodv dpiota Tapadeiylato TG PLOUn)ovIiKnG OKOAOYInS.

Ot peydreg mOGOTNTES TOUEVTOL OTIV TOPOY®YN] okLpodépatog Bo mpenel va avtikataoTabovv
amd GAAC VAWK OV B0 TPOGPEPOVY e acPdAEln TIG 1018 N AKOUA Kol KAAVTEPEG 1OIOTNTEG OTO
okvpOdepa. O TOUENS KOTOOKELNG OKVPOOEUATOS YPNOCILOTOlEl NON UiyHoTo TIOL TEPEXOLV
OVTIKOTAOTAGELS TOLUEVTOL, OO WTTAUEVT] TEPPO EmG 25% 1| omd oxwpia £wg 40% ce pnala.

211 CLVEXELD OVAPEPOVTOL OPIGUEVOL TPOTOL AALG KOl VAIKG TOV UTOpoHV Vo, Xpnotpomombody yio
T peioon tov mepPaAlovTikod KOGTOVG.

4.1 Avaxvkimon LKvpodEpnotog

H avokdkAmon kol enavoypnollonoinorn] Tov SOUK®OV VAIK®Y OVTOTOKPIVETOL GTIC GUYYPOVES
TAGEIS TNG TEYVOAOYIKNG AVATTLENG OV ATOTEAOVV UEPOG TNG CVYYPOVNG OmAiTNONG Yo Pidoiun
avamntoén, TN JeLAaN TOv ELOWKOD TAODTOL KOl TNV OTOTEAECUOTIKY] Oloyeipion Twv
amoppiupdatov. H texvoloyia yioo v avakdkAmor GKLUPOSEUATOG VITAPYEL KO TO UNYOVILOTO
Tepoyopov €yovv avamtuydel. Ov pafdor ydAvPa umopodv vo Sloy®PoTodV Kol €mioNg va
avakvkAmBovv. To GUVTETPIUPEVO GKVUPOSEND OVOKVKAMVETOL EDKOAN (OC OOPAVES YO TOPAYMYN
véov okvpodépatog. Evrovtolg, mapd 1o yeyovog OTL po. pepido TOL TOUEVTOV GTO TOANLO



okvpddepa dev €xel evudotmBel, TOLAGYIOTOV M 1O TOGOTNTA VEOL TGIUEVIOL TPEMEL VL
ypNoononfel, OT®G 6T TAPAYOYY] GKUPOSEUATOS OO KAVOVIKA TOGH AULLOYOALKOV.

H emolo «wapoayoyn» tov opuktdv amoppiupdteov oty Evpomaixkny Eveoon extypdtor ot
vrepPaivel Toug 300 ekatoppvpla TOVOLS OAAE 10N GE MOAAEG YDPEG 1 0EWOTOINGY TOVG WE
gnavoypnoponoinon vrepPaivel Emg kot 10 80% (Todyog & Owovopov, 2002). Avetuydg otnv
EXLGda to oOVOAO ©YedOV TV JOUIK®OV OmOPPLUAT®V, oL LIOAoyicOnKav mlve omd 2
gKoToppdpla TOVol 10 Ypdvo, odnyeitar mpog tuyaion omdbeon pe T YVOOTA  apvVNTIKA
amoteléopato. H ocOotaon tov Sopkdv omopplupdtov eivar €va dAlo onpovtikd otoyeio.
Zyetikn €peguva tov Tpnpartog [HoAtikdv Mnyavikev tov AII® og 8 ktipla mpog Kateddpion g
®eccarovikng (Owovopov 2002), £deite oe yevikég ypaupés v akdrovdn facikr] cOoTAoN TOV
dopkav amoppiupdtmv: okvpddspa 40%, kepapkd vikd 25%, Evio 15%, mAactikd vAkd 5%,
UETAAAKA VAKA 5%, d1dpopa 10%. Edv dev vmoroyicBovv ta idn vytewng, ta Ehiva otoryeia, ta
KOVQOUATO KA, TOTE 1| OVCTUCT TOV OOUIKAOV OmOpPlpdtev elvar mepimov 1 akdiovdn:
okvpodepa 55%, toryomoua 40%, dwapopa 5%. Ta oyxetkd omoteléopoto CLUEMVOLV LE
Biproypapikd dedopéva (Mueller & Winkler, 1998) kot 0dnyodv 610 cupmépacua 0Tt 0 KOPLOG
OYKOG TV OOUIKMOV OTOPPUUAT®OV OTd KTipl TPOG KATEOAMION OMOTEAEITOL Omd OKLPOSEU,
KEPOUIKE VAIKA Kot KOVIAULATO.

Etvon gvdewktikd 6t otnv OArovdio xpnoipomotodvial avakLKAoUEVE adpavhy o€ mococto 18%
TOV GUVOMKOV OTOLTOVUEVOL OYKOU TPMOTOV LVAMV. AKOUN KOl TO UETAYEPIOUEVE EAUCTIKA (Tal
omoio. cuvNBwG amoppintovial oTig YOUATEPES) eivar duvatdv va a&tomombovv oty Topaymyn
TOEVTOV Kol OTAGUEVOD GKLPOSERNTOS (KOG GTOVG KAPBAVOLS TOIUEVTOPLOUNYOVIBDY Yol
eEokovounon evéPYELNS, TEUOYIOUO KOl YPNOLUOTOINGT ¢ adpovolsg LAKOD, OvAKINGT TOV
YOAVPa OV TEPEXOLV KOl YPNCULOTOINCN TOL MG OTMAGUHOV KAM.). Xtn MeydAn Bpetavia
Bropnyavieg &govv Adfel TNV Adeld Yo KOO EAAGTIKOV OVTOKIVIT®V GLUVOALKOL Bapovg 100.000
TOVOV Y10 TNV TOPAY®YN TOUEVTOV. X1 OvAavdio T0 €T1010 OVOKVKAMGILO TOGO GKUPOOEUATOG
and ta véa Ktiplo givar 42 Kg/xdtowko kot amd TNV avokoivion to £tolo mocd givar mepinov 10
kg/kdtowko. Ao T0 KATESAPIGUEVA KTIpLa TO 06O AmOPAT®V amd TO0 GKUPOSENO. Kot Ta TOVBA
givan 60 Kg/xdrowko. Tevikdtepa, T0 GUVOAMKO OGO amOPANTOV GKUPOSEUNTOG KOt TOVPA®V €ivorn
mhvo and 110 kg/étoc/kdtotko kot petapépetar cvvnlwg otig youatepéc. Eav yivel o coot
Swyelpion T@V HEYAA®VY AMOCTACEMV UETAPOPAS, L0 GYETIKA HEYGAN Hepida TV amoPANTOV amd
oKVPOIEU PTOpEL VoL avoKVKAWOEL EmkepOdC.

4.2 Yxvopoocpa Yyniig leprektikotnrog o€ Intapevny Téppa

To oxvpddepa VYNANG TepiektikdTog o€ urtdpevn téepa (high-volume fly ash concrete - HVFA)
avamTOyOnke mpog 1o TéA0G NG dekaetiog Tov '80 Kol TOPEYEL TO O EATIO0POPO TOPASELY O YOl
TO TOG UTOPOVUE VO YTICOVHE KOTOOKEVEG OO OKLPOSEUN TOL VO givol avOekTikOTEPES Kot
AmOd0TIKEG, OGOV POPA TOVG PUOIKOVS TTOpPovg, omd TS cvpuPatikés. Eite og ovotatikd Tov
ovvbetov toyévrov Portland, eite wg opukty avauén mov npootifetar 6t0 oKVPOIEUA KATA T
duapkela g WEng, n meplekTkoTTO 08 ImTdpevn téppa tov HVFA pwypdtov oxupodépatog, eivar
yopoakTnPotikd petasd tov 50 kot 60% tng nalag Tov GLVOAKOU VIPOVATKOD VAIKOV.

Ev cvvtopia, ovtdg 0 TOm0G GKUPOSEUATOC EXEL Hiat TOAD YOUNAY OvOAOYio VEPOV/TGIUEVTOL, Ui
TOAD YOUNAT TEPLEKTIKOTNTO GE VEPO KOl EVOOUATMOVEL Ttepimov 55% wrtduevn téopa (ASTM
Class F, wmtauevn téopo youniod oofectiov). Adym tng yOUNANG TEPLEKTIKOTNTOG GE vePO,
YPTOULOTOLEITAL VTEPPELGTOTOMTNG Yo Vo emttevyBovv Kabnoelg mov kupaivovion amd 150 éwg
200mm. Ta akdiovBa yopakTnPLoTIKA eitvon TVTIKEG TOV okvpodépatoc HVFA mov yproyionoteiton
Y10l T 0000TPAOUATE TV EOVIKDY 03D V:

e 'Eva g\dyioto mocd amd 50 wg 60% ASTM Class F wtdpevn téppa amd ™ palo tov

VIPUAVAIKDY DAKOV.
o Xopmhi TEPIEKTIKOTNTO GE VEPD, YeVIKd Aydtepn amd 130 kg/m® tov okvpodéparoc.



e Tlepiextikdmta oe toévio oyt mepiocdtepn amd 200 kg/m® tov okvpodépatoc, aAAd
yevikd mepinov 150 kg/ m?.
XapnAn d6on evog vIEPPEVGTOTONTH, EAV Eivar amapaitnto.
XopnAn avoroyio vepod/toyévion, yevika Ayotepn and 0.35.

Extdg amd 10 yeyovdg Ot 10 vynArg amddoong okvpddepa pe HVFA eivar avdtepo and 1o
Kovoviko okvpodepa pe towévio Portland oyeddv oe Oheg Tig mruyés, €xel emiong onupovTikd
nmepBaAilovtikd o@éAn. 1o moapeAfov, ta HVFA piypoto okvupodépatog yevikd dev amédmoayv
KA Ocov agopd TV ovimtuén g otabepotntac, T cvppikvoorn amd Enpaven Kot TV
avlextikoOTTo. AvTO €ytve EmEWN M WTAUEVY] TEQPA TOL TOPAYOVIOV ONO TG TOAEG
EYKOTAOTACEL; OepIKNG evEPYELNG NTav MO XOVOPOKOKKN Kot Tepleiye ovvinBwg meptocoTEPO
dvBpaka. Ta epyaoctipla kKot 1 epmelpio 610 Topéa £xovv deiet 0Tt Otav YpNoILonoLEiTAL GE Evay
HEYAAO OYKO M WITAUEVN TEEPO. OMO TIG oVyYpoveg eyKataotdoels Bepuikng evépyelag (mov
yopoakTnpifovtal Yevikd omd Tn YopnAr TEPLEKTIKOTNTO o€ dvBpaka Kot TNV VYnAN Aemtdtnra),
glvar oe Béon va PETOODOEL TNV GPIOTN EPYOSOTNTO OTO OKVPOOEUN, TO OmOI0 EYEL
TEPLEKTIKOTNTA G€ VEPO 15- 20% yapniotepn and ovt 6T0 GKLPOdENa YWpic mTapevn téepa. Ot
TEPOLTEP® UELDGELS TNG TEPIEKTIKOTNTOS GE VEPH AVAULENG UTopovy Vo, emttevyfovv e KaAvTtepng
TOLOTNTOG adpavY| Kat Le T fonbeta vVIEPPELGTOTONTDV.

O oxedlaoHOC TV GUYYPOVOV 000CTPOUATOV TV EBVIKGOV 000V gival Baciouévog oty avioym
Kol 0T KApyn tov okvpodéuotoc. To evioyvuévo vyming oamddoong okvpddepo pe HVFA
ypNoonmoleital o amoPdbpeg, 6€ TOTYOVEC TOV YPNCIUOTOIOVVTOL MG AVTIIOTNPLYLOTH KAl 6 GALO
uépn yepvpav. Ta yhopidvta, Ta Beukd drato kot 1 evavOpdakwon doev dtomepvodv Pobid to
okvpodepa pe HVFA Adyom g modd younAng oamepatdonTds Tov. YTAPYEL Uio TOpEPUNVEIN
LETAED LEPIKMDV PUNYOVIK®OV amd TIG OVATTUGGOUEVES YDPES, OTL 1] YPNON TNG WTAULEVNS TEPPOS GTO
okvpodepa av&avet tov Kivouvo g dtafpwong enedn n moloroviky avtidpaon pewwvel To PH. Ot
TOALAPIOUES ONUOCIEDCEIS TAYKOGUIMG Kol 1] SLOESOUEVT] YPNOT) TOV GKVPOSEUNTOS LE UTTAUEVN
TEPPO. OTIG OOUIKEG epapuoyés otnv Evpomn xor ot Bopeio Apepiki, vmootnpilovv
SUVaATOTNTA OV £XEL TO CKVPOJEUN LUE TNV UTTAUEVT] TEPPO. VO TTPOGTUTEVEL TOV EVIGYVUEVO YAALPaL
armo T SuPpwon, vd Tov 6po OTL Ol OVAAOYIEG UIYUAT®OV TPOTOTOOVVTOL KatdAinAa. H modd
YounAn dwomepatodtta tov okvpodépatog pe HVFA avtiotafpuiler onowdnmote oplokn peimon
tov PH 10V GKVPOSEUATOG, AOY® TOV PEYAA®Y TOGOTHTOV TNG IMTAUEVNS TEQPAS. XTov Kavadd kot
T1g HITA, vdpyovv mapadetypata ktipiov 6mov to vyming anddoong okvupodepa pe HVFA €yet
ypnoomonfel kot yio ta Ogpédo Kot yro T dopukd péAN. ‘Eva eEanpeticd mopaderypo EAAnvicon
xopov givor 10 epayuae RCC 1tov motapod Néotov oty IThatavéppvon Apdpog. ‘Eva diio
TAEOVEKTNHO TOL VYNANG amddoong okvpodépatog pe HVFA eivar n pewwpévn OBegppommra
EVLOATMONG TOV, AGY® T®V TOAD YAUNADV TOGOV TCLUEVTOL.

4.3 Avaxvkiopévo I'vaii

To yvaAi, vrd popev pmovkoM®v Kot Palov, e€lvar €vo oNUOVTIKO VAMKO GLOKELOGIOG
maykoopimg. Ta cuoTiuata avakOKA®ONS YVOAOD TOKIAAOLY Ao TN Mo YOPO oTNV GAAN Kot
eEapT@vTol TOAD OO TO OIKOVOLIKE KIVITPO Y10l TOV KOTOVOAMTH, TN frounyavio Kot TV Kowavia.

2 NopPnyia 7.y, avaxvikkovetot onpepa. 10 86% TOL YVOAIOD TOL TPOEPYETAL OO TO, LTOVKAAL
kot Balo. Toa pmovkdMo kor ta Palo cvAAéyovior HEC® €VOG GULOTNUATOG TAPAdOCTG OTIG
VIEPAYOPEG 1| GTOLG GTPATIYIKG TOTOBETNULEVOLS KAGOVS. MEeTA 0md To Kabdpioua, To GUAAEYUEVO
YOOAL TOEIVOLEITOL G YPOUOTICHEVOVG KOl 1] YPOUATIOUEVOLS TOTTOVS Kol ETELTO. TPIPETAL KOl 0T
ouveéyela yivetor pia véa Tpdtn VAN. Ilepinov to 1/3 tov avaxvikkmpévov yvoilod yprnoytoroteitot
Y TN véa mapoy@yn Yvoitov. To dAlo 1/3 yivetol Tpdtn HAN Yo TNV TOPOY®YN VAIKOD HOVOGONG
ka1l 1o vworowmo 1/3, to omoio otovg amoAoyiopovg e NopPnyiog eivor mepimov 22.000 tovor,
glvar dobéotpo Yo GAAoVG AdYoLG.



To yvaAl pmopel va ypnoipomombel oty TOPAy®YN OOMKOV VAKOV ©¢ gA0QPD 0adpaveég
(mokvomnta mepimov 1120 kg/m®). H tpaysio emipdvelo Tov mpoidvtog éxet TAEOVEKTANATO Kot
LELOVEKTAIOTO OO TNV Amoyn NG oOVOESTS Kot TG 6TafepdtnTag Tov VOToD GKUPOSENATOC,
kaBdg emiong Kol (o amoaitnon yu £va LVYNAOTEPO TEPLEYOUEVO GE VAIKA TANPOCEMS Yo VoL
eEacpaiicel TV amodektn €pyaciuoTnTa. AdY® TNG 1oYXVLPNG dvvaToOTNTOG Yo TNV AvTidpaon
aAKoAomupttiov peTaE) TV aAKOAI®V TOL TGUEVIOL KOl TOL dPOACTIKOD TLUPLTiOL GTO YLOAL, M
YPNOoToincn Tov YLOAOD ®G Yovopd N Aemtd adpavég, amaitel akOpo Kot TN ¥PNOM NG
mtapevng t€epag Class C (vynhold acPeotiov) y vo edéyéer v avtidpaon. Méow g
evowapépovoag épevvag (SINTEF, Trondheim), didpopa piypata okvpodépatog mapnydnoay pe
OAmtikn avroyn dve tov 40 MPa yopic onpavtiky o10ykwoon.

4.4 Xpion Appov Xvtnpiov kol Tkopioas Yyikapivov

Ta yompla ot frounyavio yOTELONG LETOAA®Y TOPAYOVY TAPATPOTOVTO OGS 1] YPNCLOTOMUEVT|
Gupog yvtnpiov, n okopia, n bag-house ckdvn kotd ™ SGpKeEW TOV SOSIKAGIOV TAPAYOYNG
KUAIVOP®V Kol GYNUATOTOINGNG KOl GKOPio DYIKOUIVOL Kot T S1dpKeELd TV SdKacIdV THENG.
H dqppog yvmmpiov arotelel tnv opotdpopea taStvounuévn, vynAng todtnrag Gppo mupitiov, wov
ouvovaleton pe €va LAKO GUVOESNG KAl YPTCILOTOLEITAL Yio VO SIOHOPODOCEL TIG POPLES YO TIG
1N povyeS (6idnpog kot xdAvpag) Kot un o1dnpovyes (YoAkoc, apyiilo kol opelyaikog) YVTEVCELC.
H ovtopatomomuévn Popnyavio mapdyst v migtoyneio tov mapompoioviav yutnpiov. Ta
Apepucdvico yptipia dnpovpyodv mepimov 15 ekatoppdplo TOVoug Tapompoiovimy ETNGimg.

O WwwnTeg ™G aupov yutnpiov mowillovv kor egaptodvial amd 10 TOTO €COMAIGUOL TOL
YPMOLOTOEITAL Yo TNV EMEEEPYAGIN GTA YLTHPLL OO TOV TOTO TPOGHETOV OLGIMV, UTO TIG POPES
OV 1 GUUOG EMOVOYPTCIUOTOIEITOL Kot amd TO TOTO Kot T0 Tocd ToL cuvoeTikov. H oxmpia
vyikopivov €xel ypnoloroindel eniong wg xovopdkokko adpavég 610 okvpddepa. H mokvotnta
™me oxkwpiog opBokapivav (1280 kg/m®) eivar petald onthg Tov Kavovikod Bépovg adpavoic (1600
kg/m?) o Tov dopkod ehagpod adpavovg (1120 kg/md).

Egopuoyés: Mepicéc etaupieg €xovv aviikataotnoet péxpt ko mepimov 8% and to Pépog g
KOVOVIKNG GUUOL HE Tr XPNOLLOTOmUEVN Aupo yutnpiov oto okvpddepa. Extevelg €pgvvec
ATOKAAVYAY OTL 1 GUUOGC YVTNPIOV UTOPEL VO OVIIKATUCTNGEL TNV KOVOVIKN GUUO GTO OOUKO
okvpodepa oe TOcooTO PEXPL 35% oe Papoc. Tlepartépm épevveg kabopioav OTL 1| GLVETY| YproN
™mg wtapevng teepog katnyopiog Class C, o pmopovce vo. ovtiotabuicel v omoladnmote
OTMAELN OVTOYNG OTO GKUPOJELO TTOV TEPIEYXEL TNV GO YVTNPIOV.

Ta piypoto okupodEUaTog e Ho avaAioyio GUUOV YuTNPimV Kot KOVOVIK)G dupov petagd tov 20
Kot 40% Kot pE [o ovTIKOTAOTOOT] VOPULAKOY VAIKGOV pEXPL 25% omd v utduevn téppa Class
C, emruyydvouv Blmtucég avtoyég tov 42 MPa og 28 nuépec. H Otk k1 epeikvotikng avioyn,
0 OLVIEAEOTNG EAUCTIKOTNTOG KOl 1 OVIOYN ot TP, TOL WYHOTOG 7OV TEPLEYEL TNV
avtikatdortaon péxpt 40% g Kavovikng QUL HE TNV GUUO YVTNpimv, cuykpidnke pe Tig idieg
W010tNTeg €VOG eheyyOuevoy okvpodépotog (42 MPa). To piypa pe 40% dupo yvtmpiov
TOPOVGINCE EAAPPDOG VYNAOTEPN avTOYN OO TO oKLPOdeU ovapopds. H emidpacm g aupov
YOTNPI®V Kot TNG WITAUEVNG TEPPOC OTNV EPEAKVOTIKY OVIOYN TOV UIYHATOV NTOV TOPOUOL0. LE
LTV OV TapoTNPNONKE Yo T OMTTIKY OVTOYY, EVO O GUVIEAESTNG TNG EANCTIKOTNTAG OgV
ennpedotnke apketd. Kot ta 600 ocuykekpipéva piypoto tapovciocay vynin avtoyn oty Tppi.

Xe GAAN €peuva Yo TNV a&loAdYNoT TNG OTOd00NG TOV TAPUTPOIOVIMV YLTNPINV GTO GKLPOJELD,
£€ywvav d00 GEPEC UIYHATOV: 1 AEPOYLKTN GKOPIL YLTNPI®V XPNOLLOTOONKE GTO CKUPOJEUN (G
avtikataotdtg (50 kot 100%) yovopoKKoK®V adpovmV KOl 1) GUUOG YLTNPinv ypnoipomomonke
®¢ UEPIKOC avTiKOTaoTATNS (LEYPL 35%) AEMTOKOKK®MV AOPOVDV, LE TAEOVEKTIKG OTOTEAEGUOTOL.
Ot Naik, Singh, ko1 Ramme vaéfaiav o ékBeon oyxetikd pe ) ¥pNon TG YPNOUOTOUEVNG
Guppov yutnpiov o€ TUPUY®OY GKLUPOSEUATOG EAEYYOUEVNG XOUNANG avToyng. To amotelécpata



ToLG £5€1E0V OTL 1) GULOC YVTNPIOV LEI®OE TN GVYKEVTPMOOT OPIOUEVEOV LOAVCLATIKOV TAPAYOVIMV
Ko eE0GPAMOE KAADTEPT VOATOTEPATOTNTAL.

4.5 Tégppa Bropélag

H téppa dtapdpov popeov Bropdloc eival £va exikapo Tapoampoidv Tov dnpuovpyeitot Kotd tnv
KOOGT] VIOAEWUATOV EOA0L KOl S1AQOP®V OyPOTIKOV TOPATPOIOVI®OY (KAUOEUAT®V, GTEAEXDV,
TUPAVOV EMAC, KAT.) Yo TV mapaywyn evépyetog. H Bropdlo avty (og popen pellets 1 aGAimg)
KalyeTol Tapovsio | Ol COUTANPOUATIKOV KOVCIU®V, OTOC 0 dvOpaKag, To KOK TETPEANion, TO
TETPEAOLO Kol TO PLGIKO 0épro. H téppa avt amoteleital amd avdpyaveg Kol 0pyavIKEG EVMDOELS.
Ot QuoKéc Ko YNUIKES 110TNTEG NG KaBopilovv TIG gvepyeTikég ¥PNoEIS TNG, Kot emnpedlovTtal
amd To €0n Tov EVAOL Kol TG HEBOdOVLG KOvoMG, ol omoieg mepthauBdvouy T Bepupokpacio
KOOGS, TNV ATOJOTIKOTNTA TOV AEPNTO KOl TO GUUTANPOUATIKG KOVGLLA, TTOV YPTCLLOTOIOVVTAL.

"Evag pécog 6pog meplektikotnTog o€ vypaoia givor tepimov 13% yia v urtdpevn téepa kot 22%
Yo v €epa Toduéva, aAld mokider omd 0-79%. O gécog 6pog g mukvottag (ASTM C 29)
eivar 490 kg/m® yuo v wrdpevn teepd kon 827 kg/m? yia tv téepa mubuéva. O pécog Seiktng
dpaoctikdtrog ASTM C 311/C 109 tov 28 nuepdv yio Ty wwtdpevn t€epa givon mepimov 66%. H
péon amaitnon vepov (ASTM C 311) ywo v wmtduevn téepa EdAov egivor 11.6%. TI'evikd, m
mtdpevn téepa Propdlog £xet 110TNTEG PeTa&d otV NG mtduevng téppog avBpaka Class C kat
NG NQUOTELNKNG TEPPGS.

Egoppuoyég: Tlepimov 10 70% g té0pag Propdlog mov mapdyeton otig HIIA ypnoomoteiton ota
vAkd odomotiac. ‘Eva mpodcBeto 20% ypnopomoteiton wg £d0poroyikd cuuminpmpa. Baciopévol
OTIG PUGIKEG, YNIKEG KOl 0pLKTOAOYIKEG 1010TnTES, ot Naik ko Kraus avépepav ot n téppo EXA0L
TAPOLGIALEL OVOLHGTIKY duvatotnTa va ypnolponomdel g ToloAavikd avOPYavo GUGTATIKO Kot
WG EVEPYOTMOMTNG 6TO GKLPOSEND Kal Ta Kovidpata. To oxupddepa, e TNV OVTIKOTAGTAOT LEXPL
Kot 35% Tov VIPALAKOD VAKOV 0l TEPpa, amékTnoe OAmTIKES avtoyés Twv 35 MPa.

Ye mepdpoto mov  €ywvav O CLYKEKPUEVE  Uiypato  okvpodépatog, Téepa  Propdlog
ypnoonomdnke yio vo oviikatactoet mepinov 1o 15, 25 ko 35% tov towévrov. Mepikd
piypato mopnxdnoav pe téppo Edlov kot wmrdpevng téepog Class C pali. Xpnoomomnkav dvo
emineda avtikatdotacng TG avouetypévng téoppog (mepimov 25 o 35%). Me Pdon 1o
ATOTELEGLOTA TOV TEPAUATOV, T0 CLUTEPAGHOTO TOV EENYONKaY givon Ta e&NG:
*  Ormololavikég cuvelcPopes TS TEPPOS Propdlag oy onuavTikés.
* O ovvdvoopds ™mg téepoag Propdlas pe v wrdpevn téepo Class C Beltioos onpovtikd
TNV 0TOS00T] TOV GKLUPOSEUATOG.
* To doukd okvpddepa £kave N ypNon g T€epag Popdlog /Kol TV yUdTov Tov va
emtoyovv OAmtikég avtoyég émg SOMPa og 28 nuépeg.

4.6 Xteped Yrorsippora Katepyaoiog [loltod ko XapTiov

[TepiocodTepol amd 4 ekOTOPUDPLO TOVOL GTEPEMY VIOAEUUATOV TOATOD KOl YOPTIOV, OO TOLG
apyKovg Kabapiotipeg, mapdyoviar otnv Apepikry. O TOATOG Ko 1 Adomn yoptiov (1 oteped
VTOAEILUOTA, OTOV UEIOVETOL 1 TEPIEKTIKOTNTO TOVG GE VEPO) OMOTEAOVVTOL OO 1VEC KLTTOPIVIG
(ko EOAVO cOUATION), APYILO, EVOCELS TPIUUEVNG TEPPOS, YNUIKES OVGIEG Kot vYpacia. AvTiv TNV
mepiodo, mePimov TO UICA Omd TO oTEPEd vLRoAgippata tomobeTtovviol oto £€dopog, To 1/4
OTOTEPPAOVETAL KOl TO VTOAOUTO  YPNOIUOTOOVVTIOL HE KOTO0 GAAO TPOMO, OT®G OTNV
ATOKOTAGTOON LETOAAELUATMV, Y10 TNV EOAPOAOYIKT| PEATIOON TOL KAAAMEPYNOOV E6GPOVG 1 YiaL
T Ponbeia g KopmooTomOiNOoNG.

Egpopuoyég: Tlepimov 300kg Adomng mapdyovral yua kabe tdvo yaptiov. Ot Soroushian, Shah, kot
Won ypnowonoincav Tig avokuKA®UEVES TVEC Y10 TNV TOPAY®OYT] TPOIOVTIOV TOUEVTOV, AETTOD



emkoAvppotoc. To amoteAéopato g dOKIUNG Tapovsiacay Bertioon oty dOVOUN KAUYNG Kol
™V avOeKTIKOTNTA.

Meléteg mov  o@opobv TN YPNON TOV UEANVOUEVOV KOl TPOTOYEVAS Kabaplopévmv
VIOAELLUOATIKDY GTEPEDVY Eyvay 6T0 okLpOdepa. TIpv v avauén, To VTOAELUATIKA GTEPEAR TOVG
Tpoavauiydnkav pe vepd KOl PE PELCTOTOMNTEG YO VO TO. OMOKPOKIWOMGOLV. Xg 28 MUEPES, M
OAMTTIKN Kol €QEAKLOTIKY OVTOYN KOl 1 OVIOYN KAUWNG TOL GKLPOOEUOTOS TOV TEPLENEL TOL
HEAAVOUEVO DTOAELUHATIKO OTEPEQ, NTOV HETOED 45 kou 75% tov avitictoyywv duvdpewmv gvog
oKLPOdENATOG avapopdg pe 0% vrolepatikd oteped. H mpochnkn tmv vTOAEIWUATIKOV GTEPEDV
610 okvpdoepa peiwoe ™ deiodvuon tev yAopdovieov. To ckupddepa Tov TEPIEXEL VTOAELUATIKA
oTEpEl Tapovoince eniong vYNAOTEPN avtioTaon ota dAata Tov mpokaiovy nuia Katd v Tén
kol EN. Ta oteped amd v avakOKA®ON YOPTIOL TPENEL VO SIUCKOPTIGTOVV KOTAAANAO GTO
VvEPO, KATA TPOTIUNON GE KOVTO VEPO, TPV YPNOLUOTOINO0HV GTIV KOTAGKELT TOV GKUPOSEUATOC.

4.7 Alra Ipoidvro tov MetarievTiK®V Bropnyaviav

O1 ep1oc0TEPES EEOPVKTIKEG KOl LETOAAEVTIKES EMLYEPNOELG TAPEYOLV ATOPANTA 1] TAPATPOTOVTOL.
O meployég omdbeong amofinitov &xovv pewwbel Kot 1 @opoloyia ywo Tig amoBécels £€xet
dNUovpYNoEL 1oYVPATEPN EVNUEPMOOT] KOl TPOCTADEIEG MOTE VO LETATPATOVY T amOPANTO OF
devtepofadua mpoiovta. H okoloyikny cuveldntonoinon kot To 1oyupdTEPE OKOVOIKE KiviTpa
£€YovV emTAOVEL QLT TNV O1001KAGIOL.

Tao nuipetoAlkd amofinto amd TV mopaymyn TV 0EEWinV Aovvitny kol Titaviov, &xovv
yxpPNoLonon el OC GLCCOUATMOMOTO IO TV TOPAYWYT CKLUPOSEUATOSG e DYNAOTEPT TLKVOTNTO
amd ovth Tov KavovikoL. Tétowo okvpddepo pmopel va ypnoipomombel otovg TOl)OLG
avtioTpiing, oto Begpého ko oto ddmedo pe Otk avroyn mov Eemepvad to 30 MPa. To
emkdOnpo (kéik) tov @iltpev, €va Topampoidv Tng mopaywyng KapPdwkol acPectiov, €yet
yxpNoonon el Gov LAKO TANPOCEMS GTA UYHOTO OKUPOIEUATOS Y1o. dtdpopovg Adyovg. To kvplo
ovotatikd Tov emkodnpartog gival to CaCO; o péyebog KOKK@V TOAD PIKPOTEPO AMO EKEIVO TMV
TAPOOOCIOKAV VAKOV TANp®Ooemc. Elvar évag moAd amotelecuatikdg otafepomommge yo o
oKANpa plypota kot £yl eniong W10TNTEG OVTIKOTAGTUONG TOWEVTOL G LIKPEG 00ceElg (AydTtepo
and 15% tov Bapovc ToéVTov). ATTO TO LROAEUHO TG TAPAYWYNS KPOKidwv, Lo emyeipnon
TOPOYDYNG OVOOPITY, YPNOLOTOIDVING £VAV PEVOTOTOWTH G OLOALTI] T®V CLGCOPEVUEVMV
KOKK®V KO TO TOLUEVTO MG EVEPYOTOIMTY], OVATTOGGEL GNUAVTIKA VAIKA OVTIKATAGTOONG TOYEVTOV
G€ KOVIAUOTO, KAT. EQAPLOYES.

5 XYMIIEPAXMATA

Inuepa ot ypryopol puOuoil 0OGTIKOTOINOTG KOl OIKOVOMIKNG HEYEBLVONG €Yovv 00MYNoEL OF
aAOYLOTY GTOTAAN EVEPYEWNG KOl PUGIKAV TOPW@V. ¢ 0 UEYOADTEPOG KATUVUAWDTIG TOV QLUGIKOV
TOPOV Kol OC ONUAVTIKOC KOUTOVOAMTAG EVEPYELONG, 1 PLOUnyovict TOUEVIOL Kol GKUPOSEUNTOC
glvar évag amd Tovg apyKovg ovvieleotég otn un Proociudtra. Evrovtolg, ot owovopikd
ATOOOTIKEG KOl OIKOAOYIKES TEYVOAOYiEC TTOV givan Tpa dwbéoiuec, Ba emiTpéyouy TV elGayYN
TOV Bopnyavik®v Toparpoidviov 6Ta cvuPaticd piypote okvpodépatog. 'Etol odnyoduacte ot
Puoon kotookevr, M omoio. HE VEO OIKOAOYIKO YopoKTipo, Oo mpooeépel kaAvtepa
amoteléopata og BEpata avOeKTIKOTNTAG, OIKOVOUIKOD EVIAPEPOVTOG OALG Kol GE PBEATIOUEVOV
neplParloviikdv emiddcewv. Avtd Oo ocvpfel kobmg 1 VTOKUTACTHON T T OVTIKOTAGTOON
OPICUEVOV PLTTOYOVOV, KOTE TNV TOPUY®YN TOVG, TPMTO®V LADV, 00 HEUDOEL GNUAVIIKE TO
TePPOALOVTIKO KOGTOG TOV KATACKELMOV Kol B0 KAVOLV TOV TOHEN SOUNGCTG PIAKOTEPO TTPOG TO
nepPaAlov.
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H onuovtiky Bertioon omv omodotikdtnta Tov mopov o1n Propnyovie okvupodEuatog eival
duvor v, HOKPOTPOBEsO, UEIMGOVIE TO TOGOOTO KATUVAAWDGONG TOL CKUPOOEUNTOC LE TNV
gmynkovon ¢ (ong Tov kotoaokev®mv. EmmAéov m vmokoTdoTOoN KOU M GVIIKOTAGTOOM
OPIGUEVOV TPOTOV VA®V KOOMG Kol 1 OVOKOKAW®OT, &ival HEPIKEC €VVOLEG, TOL LITOPOVV V.
EQUPUOCTOVV  IKOVOTOMNTIKG OTOV KOTOOKEVOOTIKO TOUEN UE ONUOVIIKE mEPPaAAOVTIKG
EVEPYETNLATAL.

H ypnowomomuévn Guuoc yutnpiov HTopel Vo OVTIKOTOOTNGEL TNV KOVOVIKY GUUO GTO
okvupddepa pe towévro Portland. H okwpia vyikopivov, and ta yutipia ydAvpo kot 6161pov,
umopel emiong va ypnoyomombel emiTuydg oV KoTaokev eAappofopovg okvpodépotoc. To
KOATOVOAWOTIKO YVOAL pmopel vo ypnotlpomoinfel w¢ UEPIKN OVTIKOTAGTOUON TOV AETTOKOKK®OV
TPOGOETOV 010 KAVOVIKO Kol €KTOEELHEVO okLpodepa. Ot téppeg Propdlog £xovv ONUAVTIKES
ToLOAOVIKEG 1010TNTEG KOl EVaL YOPOKTINPIOTIKA TO OPOCTIKES AmO TIG QUOIKEG TOLOAGVES, OAAA
AYOTEPO OPOOTIKEC Omd TNV IMTAUEVT] TEPPA LYNAOD acfectiov. To okvpddepa mTov TEPLEYEL
VITOAEUUOTIKA OTEPED amO TOV TOATO YOPTOD ONd TIG EYKOTAOTACELS GVAKOKAMGNG YOPTIOV,
BeAtiovel v avtoyn otn dieicdvon yAopldvtov kot otny THEN Kot THEN YOPIC AmMAELL AVTOYDV.
Ola avtd, pali pe to yeyovog Ot 10 okvupddepo eivarl €vo amd To EVKOAOTEPN OVOKVKAMGLLLOL
OIKOOOUIKA VALKA, PEATIDVEL TNV OIKOAOYIKT LGOPPOTIO TOV CKVPOJEUNTOS Kol UTOPEL v TNV
UETUPEPEL TNV OLLASA TOV SOUKDY DAIK®OV TOL ENXLPapOLVOLY TO TEPIPAALOV eAdyIOTO.

ZOUTEPAGLATIKG, LEYAAN EnpooT Tpénet va 000l oTIC €EG TapATNPNCELS:

1. Ot Brounyovieg TOEVTOL KOL GKVPOOEUNTOS TPEMEL VO, GTOYEVCOVY TPOG Lo Pldoiun
ovAmTuln, KOl Vo, OTOVTCOVY TELGTIKA OTNV TOWKIAMO TV TpokAncewv. H peioon g
KATAVAA®OONC eVEPYELOG Kot TV ekmopm®y Tov CO,, Kabdg eniong Kat 1 avaKOKA®GT TOV
OKVPOOEUATOG £ival TTOAD CTULAVTIKG TOPASELYLLOTAL.

2. H oavéavopevn amodoyn NG 100pPOTNUEVNG KOTOVAAMOTNG TOV TOPOV Kol Ot
TPOTEPAOTNTEG OTA TEPPaALOVTIIKA CnTnuaTo, SnNUovpyodv VvEeg duvaTOTNTEG Y10 TN
Bropnyavio. GKUPOSEUATOG KOl CUVAPTAGTIKES TPOKANGELS Y10 TNV £PEVVO TOV TGLUEVIOL
KOl TOV GKLPOJEUATOG.

3. llpémer va 60000V KivnTpa, OWKOVOUIKA KOl (OPOAOYIKO, OO TOVG TOALTIKOVG Ko
vopoBeTIKOVg Qopeic oTIC Propnyavieg Kol TOVg YPNOTEG DOTE VO YPTCULOTOLOVV OAOEVH
KO TEPIOCOTEPO OVAKVKAMUEVO DALKA.

4. Ot tpéyovceg teyvoroyieg 6ToV Topér dOUNOoNG mPémet va. aAldEovv. Avto Ba pmopécel va
yivel epIKTd POVO €QV EUPAVIOTOVV PETOPPLOUIcELS 6TO TOPOV GUCTNUO EKTAIOELONG Kot
€PELVOC, OTOVG TOUEIC TNG EMOTAUNG KO TNG TEXVOAOYIOG TOV GKULPOJEUOATOS Kol TMOV
OOHIKMV VAIK®OV TPOG EVOL «TPAGIVIGHO OAOKAT|POL TOV KOTOGKEVOGTIKOD KAGOOV.
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Tpoxtird 2ov HavelAnviov Xovedpiov yia tnv Aéiomoinon twv Biounyovikav Iapompoioviwy oty Adunon,
EBITIAP, Arovyy Kolévng, 1-3 lovviov 2009

Kowovikoowkovopoteyvikég  mievpée ¢ alomoinong  tov
nopanpoioviev g AEH

Z.. Pilov, A. Z10npo6Tovrog
Avarroioxn PAoprvas (ANDPALQ)

Aéeig kAerdia: wmTapevn T€QPA, YOWOC, Amoppurtopevn Beppotnta, 6QeAoc, amacyOANGCT), ETIMTOGELS

HNEPIAHYH: Kd0e ypovo exotoppdple TOVOL IMTAUEVIG TEPPOG KOl YOWOU, EKOTOUUOPLO KLPIKA
pétpo vepod o€ otpd Kor ekotoppdplo peyofoatdpeg (MWh) oe amoppurtopevn Bepupotnro
amelevbepdvovtar oty gvputePn mePLoy ToL Nopod Prmpwvog amd ™ AEH péow tov kapvadmv,
TOV TOPYOV YOENG Kol GAADV UNYOVICUOV Kot unyovnudtov. Zopeova pe 1o ®EK 551B° 18-04-2007
(éyxpron EOviknc Teyvikng Ipodwaypaeng «EAAHNIKEEZ IIITAMENEX TEO®PEZ») to {Atnua g
aflonoinong g wmtduevng téepag €xel Avbel TeYviKA. TNV TPAyHOTIKOTNTO OUMOC Ydvoviot
gKOTOUUOPLO EVPD KOOMG EINOOTE PO OO TIG TEAEVTOIEG YDPEG OTOV KOGHO otV aflomoinon tov
TOPOTPOIOVI®V TNG Topayousvng evépyelag. Aappavopévov vmdyn OTL To €TNOLN KEPOT OO TNV
aglomoinom twv mapanpoidvimv Ba etvor pikpdtepa tov 1 % Tov gTnoiov Kuxlov epyacudv g AEH
yivetor katavont) 1 oAtyopio ™ AEH ot0 avotépom {itnua pe T OT01EC apyNnTIKEG GUVETEIEG Y1d
TNV OKOVOUIO TNG TOTIKNE KOWVAOVIOG KOl TNG YDPOS HOG YEVIKOTEPO.

Social-economical-technical aspects of exploitation of DEI by-
products

Z. Rizou, D. Sidiropoulos
ANFLO Development Agency (ANFLO)

Key words: fly ash, gypsum, wasted heat, profit, employment, consequences

ABSTRACT: Millions of tones of fly ash and gypsum, millions cubic meters of water in steam and
millions of MWh of wasted heat are being released, in the wider area of Florina prefecture, from DEI
through the chimneys, the cooling towers and through some other mechanisms. According to FEK
551B’ 18-04-2007 (approval of National Technical Specification “GREEK FLY ASHES” the issue of
fly ash exploitation has technically been solved. In reality though, millions of euros are wasted as we
are at the bottom of the listed countries regarding the exploitation of by-products of the produced
energy. Having in mind that the annual average profit arising from the exploitation of by-products will
be lower than 1 % of the annual average income of DEI, it is obvious why DEI is not showing enough
interest on the above, with all the negative consequences for local and national economy.



Awdikaocio Tapaywyns niektpikov pgopatog oo Ty AEH ALE.

v meproyn g Avtikng Makedoviog Kot o cuykekpipéva 6tovg vopovg OAdpivag kot Koldavnge,
T TpoMyovpeva xpovia, mapdyoviav to 70% Tov NAEKTpKoD PEOUOTOC TOL TOPAYOTOV GE OAN T
yopa. H dadikacio mapaymync, e ToAd amin weptypaon, eivon 1 eéng: Ta opuyeio Tov Tpopodotovy
T1g povadeg g AEH elvan emavelokd. Me ) yprion viilehokivntov Kot nhekTpokivntov tepdotiov
OKOMTIKAOV UNYOVNUATOV Kol QopTnydv 7 Taviddpopmv petaxkwveitor 1 outiky yn (n omoio
amoOnKeDETUL YOPIOTH UE GTOYO TNV EMAVAYPTCILOTOINGT TNG) Kol To oTelipa (To dyove €04pn mTOL
Bpiokovtor Téved M avapesa oTo GTPOUOTO AYVITN) KOl £T61 ATOKUADTTETOL O Atyvitng. Me T ypnon
avtioTory@V UnNYovnudTeov o Ayvitng petagépetol ot avAég Atyvitn tov AHZ (atponiektpicodv
otobudv) Kol omd ekel pe TAWVIOSPOUOVE HETOPEPETAL péco otovg AHE Omov koviomoteiton kot
Kailyetol péc O€ TEPACTIONG AEPNTES. ATOTEAEGUO QLTOV EivVOl 1 TOPAY®YN UEYAA®DY TOCOTHTOV
VEPBEPLOV ATHOV 0 0moi0g TEPIGTPEPEL TOV GTPOPIAO 0 0Tol0g LE TN GEPA TOV TaPdyEl NAEKTPIKO
pevpa. Méca amd avtn TN ddtkacio TapdyeTal 1 LEYAADTEPT] TOGOTNTO NAEKTPIKOD PEVLOTOG GTNV
EXLdda.

Ot vtdroIEG TOGHTNTEG NAEKTPIKOV pELATOC TopdyovTal o€ AHE mov ypnciuonolovy euotkod oéplo
N o€ VOPONAEKTPIKOVG GTaOHOVG OV AE0MOOvY TN SVVAIKY EVEPYEW TV TOTap®V. EAdyloteg
TOGOTNTEC NAEKTPIKOD PEVIOTOC TOPAYOVTOL OO AVOVEDCLUES TNYEG EVEPYELS (TT.). TOV GVEUO 1 TOV
NAMO) M amd WKPEG YEVVITPLEG TTOL XPNOLUOTOL00V TTETpEAaL0 1 Beviivn. Extog amd niektpikd pevua n
Swadkacio aut Tapayel Kot S1Gpopo TOPATPOIOVTO TO CTLLOVTIKOTEPO OO T OToia glvat:

A) Intéipevn téppa
B) I'dyog
I') Amoppurtopevn Beppotnta

Ynpuepwi] KaTdotoon owayeipiong

H onuepvn katdotaon dioyeiptong v mapampoiovioy £xel EXPapvvel oTUavVTIKG TO TePPiAlov Kot
10 KMpo g meptoyne. Ot eAdyloteg TpwtoPoviieg mov TapOnKov Tpog 6QeLog Tov TEPIPAAAOVTOC
NTav youniod Koctovg Kol Eekivnoav omd emipovovg Kot €0GTPOPOVS VITAAANAOVG NG OTMG O
petaAleloAdyog punyovikog I'idvvng Povong o omoiog epdppoce évav  Tp@TOTUTO TPOTO PVUTELGTNG
aKokiog Kot £To1 Tpacivice Eva T TOV OpLYEI®V.

Ta opuyeio ommv Eopdaio. oynuatiCouv 600 1epdoTIONg AGKKOLG EMPAVELNG OEKAdMV YIAMAd®V
OTPEUNATOV. YTOAOYILETOL OTL Y10 TNV OTOKATACTOOT) OANG TNG £KTOOTG OV YPNCUYLOTOLEITOL Ao TN
AEH AE. (mdvo omd tplokdoleg yAdoeg otpéupata uovo otnv Eopdaia) amotteiton teTpamlacio
1060 and 10 TPoPAemduevo Yo mepParioviikéc opacel; oto EXITA. Av m dwayeipion tov
nepPdAlovtog yivoviav pe €vo cofapd peletnuévo oxédlo 1o omoio Tnpovvtav dev Bo vIpyE M
onuepwvn katdotoon. Yrapyel n perétn g RHEINBRAUN-ENGINEERING mov éywve oto 1995 xat
N omoio TPoéPAene TV aviaTAact TV EE0PANUEVOVY OpLYEIDV KAl TN dNUovpYio AUvAV, SacmV Kot
KOAAMEPYNOIUNG YNNG OE CLUYKEKPIUEVEG TTEPLOYEG OALA otV TTPAcn dev epopudotnke. Av epapurolotov
n npotaon e RHEINBRAUN-ENGINEERING 6o éBpiokav amacyoinon moilol epyalduevor kot
umopei va Eodevovtay kdmowa ypriuoto aArd 1 AEH ALE. Oa giye onuepa Myodtepa mpopfinuoro.

H wtdpevn téppa petapépetor ota eE0ANUEVO opuyeio Kot amotifeton avapiesa oTa oTEpO e0AQN.
Bepntikd 0tav oAokANpmOel To avayAveo oG TePloyng M TerevTaio oTp®oT amdbeong yivetal pe
YOUO KO 1) TEAKN emikddloyn pe eutikny yn. H yowog amotifeton pali pe ta oteipo kot tnv iwtduevn
TEQPOL e TNV 1010, d10.01K0GI0.

H amoppurtopevn Beppodtnra drotifetor otny oTHOCOAIPO HECH OO TIG KOUIVASES (LE TO KOVCAEPLO)
M ToVg TOPYOVG WOENG (e TOVG YIAMAdES TOVOVS aTHOD TTov ameAgvdepdvovtan kabdnuepva).

"Eyel onovpynei étor apvntikd kiipo yioo ™ AEH ALE. kot 11g enevdvcelc g moaveAlodikd. Agv
glvar toyaio 6Tt otn ddpkewr tov 2008 de Ppébnke KOvEVAG POPENS COUUPMOVOG HE TOV TOTO
gykotaotaong Tov véov AHZ e AEH A.E. Eivor agloonpeiot n nepintoon g a&lomoinong tov



Ayvitdov g Apduog emi TG omoiag ol KATOWKOlL NG TePoyYNg amdvinoav «Agv Oa yivoovpe
Hrolepdioor. Ag eCetdoovpe cuvonTikd pepikés Thevpég Tov {nTrHaToc.

Ynapyer ovvarotnrao aflomoineng tov rapanpoioviov tng AEH;
H epdmon éxet amoavinBei Betikd kot yio ta tpia Tapampoidvta mov eEeTalovuE:
[T cvykekpéva:

A) Intdpevn éopa
Eivar 10 xupidtepo oteped katdrowto omd tnv kKavon Aryvitn. ‘Exer vépaviikég kot moloAavikég

1010t TEC (avdAoya pe tn ovvheon c). Ot molordveg Exovv ypnoiporomnbel mpwv and 2000 ypdvia o€
éva oA onuavtikd €pyo, 1o Kolooocaio. H wmtdpevn téppa éxer dn ypnowomombel ko otnv
EXLGda. H xoatackevn tov @pdypatog tov Ydponiektpucod Xtabupov ITAatavoPpuong ot Apdua
ouviotd oty wpotn o&oAoyn eeapuoyn ¢ Me omevbeiog ypion wmtduevng téepag. To
vdponrektpkd epaypa g [TAatavoppuong eivar to TpmdTo tétotov THmov otnv EALGda (RCC, Roller
Compacted Concrete) kot to 0e0tepo 6e Vyog ot Evpomn (95 pétpa) dedopévov 0Tl «yuo tnv
TpaypaTomoinon tov ypnoporombnkay 135.000 tévor mrdpevng téeppag o mocootd 80% oto piyuo
™G Koviagy.
Yrdpyovv morroi tpdmol a€lomoinong TG ImTauevNS TEQPAS Ol CTULOVTIKOTEPOL TV OTOImV giva:
1)Yrokatdotaon tov towuévrov Portland ce:

-GOTTAC. GKLUPOOEUATOL

-KOTOOKELY]  TolevTompoioviewv  (kuPoibol, mAdkeg melodpopiov, Kpdomeda,

TOUEVTOCMANVES, TACCHAOL, TOGTATEG OMAGLLOD KAT)

-KOTOOKELT oToyEiov and Gomho M| elappd omAouévo okvpddepa (otnbaio acpaieiog

New Jersey, tptyovikég Téepot, SOUIKA TUTOTOINUEVE, GTOLYEIN KAT)

-ppaypata and okvpddepa pe tnv texvoroyia RCC (kvAtvdpobdevo okupddepa)

-QKOUTTO. 000G TPMLLOTO

-0VTOGVUTTVKVOVLEVO GKVPOSENQL

- EMEVOLOT| ONPAYYOV

~TGUUEVTEVECELG

- TOPOYMOYN ETOYL®V KOVIOUAT®V

-KOTOOKELT] YPNOTIKOV OVTIKEILEVOV (YAAOTPES, LOpVTIVIEPES KAT)

H avtikatdotacn gvog pépovg totpévov Portland amd enelepyocuévn Kot aAEoUEV TTAUEVT TEQPOL:
-kaBvotepel TV EVLOATOON LE OTOTELEGHA VO, TEQTEL 1) Oeppokpacio EVOIATOONG Kot
MG €K TOVTOV UELDVEL TIG OepiKéG poYUES
-BerTIDVEL TNV EPYACIUOTITO TOV GKVPOJEUTOG
-k0016TA TO UElYUO OUOLOYEVEG KOl G EK TOVTOV UELDVEL TO OO0 MPIoUO
-BerTIOVEL TNV EMPAVELL TOV GKVPOSEUATOG
-ouUPAAel TNV AVENCN TNG HOKPOTPODESUNG OVTOYNG TOL CKUPOJEUNTOG

2) Kozepyaoio kot 6tabgpomoinomn edapmv

3) Mapaywyn cvvbetikov (eoMBwV

4) YAkd odomouag (Yoo TV KOTUOKELN EMYMUATOV, Yo TNV KOTOoKeLT vadfacng i kot Pdong
000G TPMLOTOC, GOV GVGTATIKO TOV OGPUATOCKVPOSEUNTOC)

5) Kataokevn ye@mOADUEPDY VKOV

6) Kataokeon to0fAwv

7) Amoppdenomn ToEIKdV oToLElmV OTIC EYKATAGTAGELS Sloyeipiong amoPfAnTwv



Teyvikd to (o g aglomoinong g mtduevng téepog £xel Avbel. Me v vIovpyikn omdeoon
AllTAA/ow. 281/®200 (PEK 551 B/18-4-2007) £yet avoi&etl o dpdpog g a&lonoinong .
Amopévet va dnpovpyndet évag popéag mov Ba enevdicel 6TOV GLYKEKPLUEVO Topéa eEacparilovTag:
- Kképdog
- OOKOTAGTOGCT TOL NOT eMPapnuévov TePPAALOVTOG
- @BNVOTEPEC KOTAOKEVEG
- onuovpyia Bécewv epyaciog
- &Eopboroyiopd Tov KAGSOV TOV KOTUCKEVDV

Emedn o peyaddrepog meddtng g enévovong Ba eivar to dnudsto (kuPépvnon, OTA, N.A. kAr) kot
eneON €xel Tov akOAovBo gd1Kd poAo:
-givor peydhog KoTavolmTng TEIUEVTOD
-&yel Beoukn gvbvvn yo o mEpPdAlov
-eVOLOPEPETAL Y10 TNV OLKOVOULKT] KOTAGTAON TMV KATOIK®V
-&yel OPYOVOUEVEC TEYVIKEG VLANPECiEC: Kol apa dvvatdtnta obvtaéng Tov
OTOLTOVUEVOV PEAETMV, EAEYYOV TNG EPAPLOYNG TNG Vopobesiog kAT

extipovpe 6t Ba mpénel otov popéa Tov Ba dnpovpyndel va coppetéyovv (epdcov embopodv) Kot ot

-N.A. Ohdpivag

-N.A. KoZdvng

-01 evepyelakoi Afpot tov vopmv dDropvag ko Koldvng
-A.EH. AE.

Eiyav yivel emapég pe Tomkég Kol PeyoADTEPNC EUPEAELOG EMXEPNOEIC Ol OToieg EKONAMOAY TO
EVOLPEPOV TOVG VO, GLVEPYAGTOVV otV alomoinon g wTauevng téepac. I'a va mpoympnosl Oume M
voBeom G a&lomoinong TG IMTAPEVNC TEPPUS TPEMEL VAL YIVEL TPOSHOTIKY LIOOEST TOV KATOIK®OV
g Avtikrig Makedoviog kot 0Ang g xdpag. Na onuovpyndet kivnuo a&lomoinong g mtduevng
téppoc. H tomikn avtodioiknon apd@tov Kot devtepov Pabuov €xel kabe Aoyo va givarl 0 VTOKIVNTAG
QUTOL TOV KIWWNUOTOG: €ival €v duvapel PaciKog KOTAVOAMTNG TNG eMeepyaciévng Kot OAEGUEVNG
TEPPOGC, Umopel va cuVTALeL TIG omottovpeveg HeEAETEG, Ba éxel coPapd otkovopkd O0eeAog and v
aflomoinon ¢ mTAUEVNG TEPPOC KOl €VOLOQEPETAL Vo Onovpyndody oy meploy] ot Bécelg
gpyooiag mwov Oo @éper m aflomoinon g wmrdpevng tepag. H ANDAQ yio va umopécel va,
e€edkenoel Tig Tpotdoelg adlomoinong g mTapevns T€epag Tpotibetol va kdvel pia épguva Petaly
tov O.T.A. A kot B BaBpov yia ta €pya mov oyedidlovv yio to eMOUEVO YPOVIOL KOl TIC TOGOTNTES
EMEEEPYAGUEVIG WTTAUEVTS TEPPOG OV D0, YPELOGTOVV.
H ad&nom tov mocootol ¢ a&romotovevng mrhpevng t€ppag and mepinov 10 % mov eivar onpepa
og 35-40 % (mov etvan teyviKa epkto) Ba £xet T axdAoLOeC cLVETELEC.
1. Anuovpyio Bécemv amacydANoNGS.
2.  Anpovpyia avTIKELEVOD EPEVVOG KOL ATOCYOANGTC TMV ATOPOITMOV TOV:
-TEI Avtwkng Makedoviag, Tunquo Biopnyavikod Zyediacpob
-[Tavemotnpiov Avtikiig Mokedoviag
-ITavemotpiov Oeccarovikng, XyoAn [loAtikdv Mnyavikov.
3. E€owovounon onpoavtik®dv Tocmv omd to £pyo Tov Bo EKTEAEGTOVV.
4. Inpovtcd k€pom ya ™ A.E.H. AE. and v ndinon g mrdpevng téepog Kot omd 1o Yeyovog
OT1 dev Ba Eodéyel yprnata yio, TV 0100 TG ITTAUEVNC TEQPAS GTO, OPVYELQ.
5. H vmokotdotacn Tov Toévion amd Ty ITAUEVT] TEPPA 0dNyel o onuavTiKh e£otkovounon
Kavcipwov, fedtioon tov mepiBdiiovtog Kot mlava avoiysl Tov dpopo €161 MOTE Vo, KEPOIGEL 1)
AEH A.E. onuovtikd mocd and tov ¢opo tov d10&1diov Tov avOpaka.



6. H vmoxotdotoon odpavedyv VAIK®V 000mouoc Kol GAADV TPOT®V VADV Kol Kupiog
acPectolBov odnyel pe 1t oepd g oe peiwon tov eknoundv CO2, mapduetpo Wdwitepa
emikaipn v tp€xovca tepiodo yia T pOTAVGT ToL TEPPAALOVTOG.

B) I'dyog

Anpovpyeitonr ot povada amobeimong kKarvaepiov tov AHE Melitg og mtocotnteg tepimov 300.000
TOVOV T0 Ypovo. Mmopel va ypnoipomombel oty mopoywyn TPOIOVIOV OIS Ol YLWOGOVIOEG KOOMG
Kal yio T 010pBmon g o&utntog TV £0apdv. To mdco onpavtikd eivar to {ftnra g a&lomoinong
g YOWoL eaivetol kot amd o Ot pio peydin eppavikn etapeio yoyonpoidoviov Bpicketar 101 o
dwmpaypdrtevon pe  A.E.H. A.E.

I Aroppurtduevn Beppodtnra
H Beppotmra dwyéetor oto mepipdirov kuping pe ta kavoaépia (mepimov 10 15 % tng Beppotntog
TPOEPYETOL OO TNV KOOGN TOV Ayvitn) Kol Pe TOVG aTUoVE TV Topyv Yyoéng (tepimov 1o 50 % tng
Beppotrag mpoépyetor amd TV Kavor Tov Atyvitn). Aappdvoviag veoéyn 0Tl N EYKATEGTNUEVT 10Y1G
tov povadov g AEH A.E. ot Avtikr] Makedovia givan mepimov 5.000 MW kot 1 amdo061 TOUg
glvan otV kaAvtepn Tepintwon ion pe 30 % givor mpoavég 6Tt To 70 % g TopayOLEVNG EVEPYELNG
Ao TNV Koo ToL Atyvitn (To 160dbvapo tov mepimov 12.000 ueyopdr) datifetor cav Oeppommra (pe
HOPON YIAAO®MV TOVOV KOVGOEPIMVY KOl OTUOV) GTNV ATUOGOALPa EXNPEGOoVTAS TO KAILO TNG TEPLOYNG
Kal Oyt uoévo. Av a&lomolovvtay 1o 7 % g amoppurtopevng Oepudtnrag (1codvvaun 1oyde mepinov
850 MW) 6o popovoe va:
a) gixe yMawost 1 AEH A.E. and to €000 KATAGKELNG Kot AEITovpyiog 2 Hovadmy 16yHog
navo ord 400 peyapat (MW) n kabe pia,
B) eixe yMtdoel | meployn amd TNV EMPAPLVON KOTAGKEVNG Kol AELTovpyiog 2 HovAdmV
1oy00g mhve omd 400 peyopat (MW) n kébe pia
v) gixe avePei o cuvieleotng anddoong tov povadwv ™ AEH A.E. oty neployn oto 4 7%
(kdt1 mov Bswpeitor oNuepa eEmmPorypoTiKd)
d) képdile m AEH A.E. moAd onuavtikd mood omd tov popo 610&ediov tov GvOpaxa
(cOpemva pe Tov vEo GUVTELEGTN ATOSOGNG).

O1 duvatég eQapproyEG TG amopputtopevng Oepudtnrag sivar:

DIMopaywyn nAektpikng evépyelog omd to Kovoaépilo. YTAPYEL GVYYPOVY TEXVOAOYiD 1
omoia avarTHooETOL KO 1) 0ol piwopel vo dMoEL EMTAEOV NAEKTPIKO pevpo iom pe 1o 12 %
NG EYKOTECTNUEVNG 1oYVOC. ZOuemva pe otoryeio g PipAoypapiag amatteitor emévovon
nepinov 430 exatoppvpiov evpd otovg AHXE Ayiov Anuntpiov, Koapdidg, Apvviaiov-
duioto ko MeAitng yio va dnuiovpynbel cuoTHUO TOPAY®YNG MAEKTPIKOD PEVLOTOC
wodvvaung eykoteomuévn oyvog 540 peyafat (MW) n omoia Oo amodidel, ywpig
KOTovIA®o™n kanoipov (Lovo pe v afloroinon g OepproTnTag TV Kancaepiav).
2)Bounyavikr]  Beppdétnra. Mmopei va.  ypnowyonombei oe  Sadikacieg Enpovong,
OTEYVOUOTOG KOl 6€ GAAEG O10d1KaGieg TAPAY®OYNG 0TOVCLN 1| LE TNV VTOGTNPIEN aVTAIDY
Bepupotnog.

3)O¢gpuoknmo. Mia Propnyovia eykateomnuévn ot Oecoolovikn €xel TN OYETIKN
TEYVOYVOGIN Kataokevng Oepuoknmiov pe ypriion tov 18iov Tov vepol amd Tovg THPYOLS
yoéng (Beppokpaciog 37 pe 40°C) v omoia &xel oM epapudcel otny Ovyyapia Kot oAA0D.
4)Ydpomovikég kaAMépyeiec. To yeyovog o0tL vdpyel apbovo (eotd vepd onpaiver 6Tl
UopohVv vo, avoartuxBovv KaAMEPYELEG AAYOVIKOV, AOVAOLOIDY KAT PEGH GTO VEPO (Y®PIC
YOO Y10 VTOGTPMUA). AVTOG 0 TPOTOC KOAALEPYELOG EIVOL TTIO EDKOAOC, TO OTOSOTIKOC KOl
LE YPNOMN GUYYPOVOV S0dIKACIOV UTOPEL VO, ATOdDGEL TOALUTAAGLO TAPOYWDYT OO OTL GTO




€00.pog. YTApYEL OvaKoivmor oG 1opanAvig etailpeiag mov 1oyvpiletar OtL mETLYE
am6d0on HopovAlod 36 opég TEPIEGOTEPO amd OTL GE YWPAPL.

5)KaAMépyeia ompovAivac. H omipovdiva ovikel otnv Katyopia Tov Bpooiumy ukidv,
OMAodn oVTOV OV VEAPYEL M SLVATOTNTA Vo KoAAEepyNBovv Kol vo kaTovadlmBodv o
pogn omd tov avBpwmo. [Ipdkertar yio éva pKpookomkd @OKL TOv YALKOD veEPOD, e
YOPOUKTNPLOTIKO Kvavompdotvo ypdpo. H omipovAiva avanticcetor oyetikd e0KoAa péca
070 VOATIVO GTOLYElD, TOGO GTO YAVKO VEPO VITOTPOTIKAOV TEPLOYDV (T.X. OE PVOIKEG AIUVEC,
{eotéc Ko VYNNG aAKaMKOTNTOG) 000 Kol 6to Bokaoovo. Eviovtolg, o mo diadedouévog
TPOTOG TOPAYMYNS NG elvar 1 voatokaAMEPyel o€ TOAD Kabapég defapevés, kKdto and
ewkéc mepParloviikég cuvinkeg. H mapaywyn g yivetor pe cOyypoveg TEXVOAOYIKES
uebddovg, aAAG pe amoOALTA QUOIKODS TPOTOVG, YWPIG VO YPTOUYLOTOLOVVTOL MAAGHOT,
EVIOUOKTOVO, GCULVINPNTIKA 1 YEVETIKO TPOTOMOMUEVOL OPYOVIGHOL. XTr GUVEXEW 1|
ompovAiiva Oepiletal, EnpaiveTar 7 vypomolEitol, TLMOMOLEITOL GE OLUPOPEG HOPQES
(toumAéteg, KAyWovAEg, okOVN, VIPAdEG N VYPO G1pomL), Guokevaletal kot dwutifetar oto
eumopro. 1o omdvio, mpootiBetor wg cvotatikd e AALEG TPOPES, Kupimg e Luuapikd
V10K1, 6aAToEG Ko aptookevdopata. Méon Opentikn ovotaon (avéd 100g):

®eppidec 290
Ipwteiveg 57,4 g
Awmapd 7,79
YoéatavOpakeg 23,9 ¢
Ddutikég tveg 3,6 ¢

H ompovdive, 6nwg €xel amodeyytel, Ponbdel oty mwéyn Kol TPowbel TIC EVIEPIKEG
Aertovpyieg, av&Avoviog GuyxpOVmG TNV  amoppoPNon TV OPENTIKOV OLCLOV TOV
VIOAOIT®Y TPOP®V. Evioyvel emiong pe mowilo o@EAUO GLOTOTIKG TOV OvVOpPOTIVO
opyavioud Kot vd ovTd TO TPicHA GUUPGAAEL GTNY TPOANYN KOl CVTIUETOTION SOPOP®V
SOTPOPIKMOV EAAEIYEDV KOl EMOUEVMG 0T Opéym Kat T S10TP1OT| TOL OPYOVIGUOD LOG OE
KOAT AELITOVPYIKY| KOTAGTOOT).

*Tlepiéygel mepiocdtepa amd 100 weélpo Opentikd ototyeio, amoAVTOG avoykaio yio Tov
avOpmmvo opyoviouo.

*Etvat 1 TAovctotepn QUTIKY TNy TPOTEVOV.

*Eyxelr 0ho ta amopoitnta apivoséa mov TPEmEL v AapPavovpe KoOnuepva HECH T®V
TPOPAOV.

*Aw0étel Ty vYNAOTEPN TEPLEKTIKOTNTA GE GIOTPO OO OAES TIG PUTIKEC TPOPEG.

*Amoterel myn B12, Prropivng mov vmdpyet pudévo ot (okég tpopég Kot cuvnoog
TapoTNPEiTOL EALEWYT] TNG GTOVG ATOKAEIGTIK( YOPTOPAYOLC,.

*Tleptéyel mOAAGL  OLOPOPETIKG  PUTOOPERTIKG, TO TEPIOCOTEPA. UE  OMOOEOELYUEVES
ovTIOEEOMTIKES 1O10TNTEC.

*Efvol mhovotla og y-AvoAeikd o0&y, TO 0Toio YPMOIUOTOLEITAL OO TOV OPYOVIGUO Yol TNV
napoaywyn g mpootayiovdivie El, mov mailer onupavtikdé poéio ot pvbuion Tov
OVOGOTOTIKOV GUGTYLLOTOG.

O meproyég kovtd otoug AHZ givar 10aviég yio v KaAMEpyela ompoviivog yiati Exovv
0 TEPAOTIEC TOCOTNTEG OVTA aKkPPDOS 7oV YpeldleTor TO GLYKEKPWEVO QUKL Yol
KoAMEPYEl OmMC: vepd omnv Wavikn Beppoxpacio wov ypewdleton 1 ompovAiiva, (35
Babuovg Kekoiov), 610&eid10 Tov dvBpaka kot HAt0.

6)Avayvyn-Yyeio. Me Bdon 10 vepd mov @Oavel otovg mhpyovg WoEng umopovdv va
onuovpynBodv  defopevég pe  vepd  Bgpuoxpaciag 33-37°C  mov  umopodv  va
¥pNoyoronfovv yuo dtackédacn 1 Aovtpobepamneia.



Elvar mpogavég 6t avtr| 1 xprion g amoppurtdpevng Beppottog 8o aAAEEeL TV Oy NG TEPLOYNS,
Ba dnuovpynoet moArég Béoelg amaoydinong kot Ba avoiEel to dpopo yia va kepdioet 1 AEH ALE.
ONUOVTIKA TOGE amd ToV POpo dto&ewdiov Tov avOpaia. Oleg avtég o1 dSuvatotnTeg 0&10moINoNG TV
nmaponpoioviov g AEH A.E. pmopodv va viomomBoOv ywpis oxeddv kapio moapépfacmn ot
Swdkacio mapaymyns. Ta mapondve gival dvvatdtnteg ol omoieg yio va vAomomBovv Ba mpénetl va
peretnBovv cofapd, Aemtopepelokd Kot o€ PABoc OAec ot TTLYEC TOV (NTUATOG UEPIKEG OO TIC
omoieg glvat:

1)OIKONOMIKH TITYXH

-E&wtepikd koot0g Yo ) AEH ALE.

-E&wtepikd dpehoc yio ) AEH ALE.

-Néeg Béoeig anacyoinong

-Avopda0uion tng VTAPYOVGUS OTAGYOANONG

-Koéot0g dnpiovpyiog Propnyaviov aglomoinong
-Anuovpyio oryopdg

-Avvatotnto dnuiovpyiog Hopayoyikomv Zvvetaipiopmy
-Extiunon oxomudtnrag yio m dnpovpyic EXUEPOLS LOVAS®Y
-Néeg ayopéc-EEaymyéc

-Emiloyn petypotoc mpoidovioy moapayoyng

2)TEXNIKH MNTYXH

-Avantoén teyvoyvmoiog

-Aldyuon TeXVOA0YING Kot TEYVOYVMGING
-Blopnyavomoinon g Katackevmg

-2xe010GLOG VE®V TPOTOVTOV

-BeAtioon 1810t)tev 7poidvioy mov KUKAOQOPOLY
-YokatdoTos TPOidVIMV TOL KLKAOPOPOHY
-Ag1popog avamTuén

3)KOINONIKH MNTYXH

-Exnaidevon-kotdption

-Exnaidevon Kotaokevaotdv

-Exnaidevon Tehkadv ypnotdv

-Exnaidevon Mapanépa petamomrov

-Evepyonoinon twv pobntav péca and v evéhktn {dvn ko ta pabnuoate  Teyxvoroyiog-Owiakrg
owovopiog kot Ewcaotikdv kot péso amd d1oy@vicuog.

-Evnuépwon evéiapepopévov pe nuepideg, GEUvAapLa, EVTLIO VAIKO, Tty viold, pOA®Y KA.
-EvBovn amévavti oto mepiPdiiov

-EvBovn amévavti otoug Katoikovg

-Ev0ovn amévavtt otoug epyalodpevoug

-Nopkéc mhevpég

-H o&ila g cvvepyaoiog

4A)IEPIBAAAONTIKH IITYXH

-E&oucovopunon mpdtev vAGY

-E&oucovopnon evépyetog

-Néeg e@apoyég LMK®OV

-YokaTdoToo VMK®OV TEPLOPIGUEVNG SLABEGIUOTNTOC 1| OTAVIOV 1| EvepyoPopav
-A&lomoinon mopampoidovImV Kot aeupopio




Eniong mpémer va avapotnBodpue: [Noti dev evdapépeton emyepnuoticéd n AEH ALE. yuo v
a&lonoinom tev maporpoidoviov tov AHY; ZOopeovae pe mpdyelpes eKTIUNGCELS Kol KATO TPOGEYYIoN
GTOlELD, TO LEIKTA KEPON ad aVTH TN dpacTnPOTNTa Bo etvat:

A) Amoxatdotoon Kot aflonoinon tov TeptBEALOVTOC KUPIME OTIC TEPLOYES TV 0pvYeimv. Eivol ToAd
dvokolo va mpoxkhyovv owovopkd k€pon yia ) AEH ALE. cav kdrtoyo g ync. Ta xépdn Ba eivon
Kupimg mepifoarlovtikd, acnrticd (Bektiomon g ewovag g etaipeiog). I'” avtd kot Bempovpe ot
TOL OIKOVOLUKE KEPON amd ovTh| T dpactnprotnTa o eivorl pakporpoddespia.

B) Intduevn téopa. Me Pdon mpokatapKTikES HeAETEG KOl TPOYEPEG EKTIUNOEL, UTOPOVV Vv
a&lomomBovv 2,5 pe 3 ekatoppvplo TOVol TEEPag To. omoio av mtovAnbovv and ™ AEH ALE., cbpenva
pe 6ca yvopifooue, 8o g amopépovv 1,25 — 1,5 ekatoppvplo Evpd omd TNV TOANCT Kot KEPSOG
3,75-4,5 gkatoppdpio evpd amwd TN PN LETAEOPE, S1dfecn Kat ETIKAAVYN TNG GTA OpLYELQ.

I') Amoppurtopevn Bepudtnra. Kot oty nepintmon ovt) T To EVILTIOOLOKE 0QEAT gival Eupeca
(e€owcovounom Aryvitn, avamtuén Tov yempylkov Topéd, Pedtimon g ewdvag e AEH ALE. ko
mBovn eowcovounon ypNudTev and Tov eopo dto&etdiov Tov avOpaka).

AoBévtog tov yeyovotog 6t o1 mwincelg g AEH ALE. to 2008 fitav ndve omd 5,8 dieexoatopupdplo
VPO EVOL TPOPAVES OTL TO VoL aoyoANDel pe vToBEcelg mov Ba g amopépouvy kKabapd kEpdn Arydtepo
and 1 %o Oev elvan 1060 onpavtikd. Epeig dpmg mov pévovpe otnv mepoyn, volotdpuedo OAec Tic
ouvEéneleg Kot PAETOLLE TIG duvoTdTTES, Bempodue 0Tt mpémel va empuévoupe. [ati 0nmg Aéet kot o
Brecht «Am6 tote mov anopocicape / Na otnpiytovue enttélovg otig dikég pog dvvdpelg / Kot va
owkodouncovpe e opopen Con / O aydvog kat o poxbog de pag ydhooav To KEQ. ZVVOTTIKA, To
Brpota yio v a&lonoinon tov tapanpoidvtov e AEH ALE. npénet va eivon ta akdAiovba

1) Evnuépwon g kovmviag (Yo Ti¢ SuvatdtnTeg ¥pnong, Tig TeXVIKES duvatdtnteg aglomoinomng
KOl TOL OIKOVOLUKG OQEAT).

2) Awpodrevon (pe TOmKOOC Qopeic, TOmMKEG etarpeieg, TOLg €pyulOUEVOVG OTNV TEPLOYN,
KEVTIPIKOVG (OPEIC Kt PEYUAEC ETOLPEIES) PE GTOYO TNV TANPN JlEPEVVIOT TOV SVVATOTNTMV
a£10moinoNg TV TAPATPOIOVIMV KOl TG CUUUETOYNG TOVS TNV TPooTadeln a&l0moinong Tmv
TOPOTPOIOVIWV).

3) Zovta&n mpokoTopKTIKGOV eKTuncemy (Yo v e&étacn g dvvatdmrag aflomoinong tov
TOPOTPOIOVI®V, KATOPYNY EKTIUNONG TOV OIKOVOLIK®V otoyyeiov Kor e&étaomg g
duvaTOHTNTOG CLUUETOXDY OTNV TPOcTadELn alOTOINGNG TOV TOPOUTPOIOVTOV).

4) TIephpynon TV evepyeldv, cOVIOEN TV OPIOTIKOV UEAETMV, DAOTOINGT TOL GYEdioV).

ZOUTEPAONATY,

H meployn g Avtikng Maxedoviag eivar 1 Pactkr] meploy] mapoy®yng NAEKTPIKNAG EVEPYELNG UE
Kavon Ayvitn. Extog amd niextpikd pevpo auti 1 dadikacio mapdyet kot d1dpopa ToparpoiovTa To
ONUOVTIKOTEPX OO T OTToin ElvaLl:

A) Intapevn téppa
B) I'dyog
I') Amoppurtdpevn Bepudtnra

Méypr onuepa 1 AEH A.E. éyel kdver ehdyiota Prjpota yio v a&lonoinon Tov Toparpoioviov g
Kol KOT  EMEKTOOT YO TNV TPOCTAGiO TOL TEPPUAAOVTIOG, TOV KOTOIK®OV TNG TEPLOYNG KOl TMV
gpyolopuévov e Ta uéypt onuepo GYeTIKG orthuote gV €iyov OmOTELEGUA YIOTI, ©OC YVOOTOV,
«omotog {ntael pe deidia evhappuvel TNV dpvnony.



Teyvikd glvar duvatn 1 a&lomoincn TOV TOPATPOIOVIOV LE L0 TAEIHO0, TPOTMV KOl ATOTEAEGLLATOV.
H yvdon etvar ddvapn @otdco ot 18éeg givar dypnoteg av dgv pumopovv va ypnoiporotnfovy. Exedn n
avBporomta Palet pumpootd ¢ TO KOBNKOVIO TOL &ivar dvvaTdv va vhomowmBovv kot Oa
Katopbdvape ToAd meplocdTEPA TPAYUATO av dgv Bempodoape ToAAG g akatopbwto EMEIX oty
ANDAQ Eekivdpe T0 GUVTOVIGUO TMOV EUTAEKOUEVOV QOPEDV TPAYLO TOV EYOUE TPOCTOONCEL KOt
o10 mopehBov. I'vopilovpe 611 | miot pmopel va petakvhoet kot fouvd. Emiong eipoote meiopévol
0Tl 6cot Eekvnoovv mpdTol B cvveyicovv emkepaAng Tng mopeioc. Eipoote cuykpatnuéva
a161000&01 av Kot yvopilovpe 06Tl «Av BEAelg kaTL Thpo TOAD Ba delg pe EkmTANEN 0Tl OAOKANPO TO
GUUTOV GUVAOUOTEL Y100 VO TETOYELDY.
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1 Introduction

The European Standards for hydraulically bound base courses EN 14227 part 3 and
4 dealing fly ash bound mixtures and fly ash for hydraulically bound mixtures
respectively refer to construction methods using pozzolanic and/or hydraulic based
binders, as e. g. siliceous and calcareous fly ashes.

The standards were produced covering the experience in different European
countries where they have been successfully applied for base courses in the
classified road network. According to the applicable regulations in Germany,
however, base courses with hydraulically bound binders have to be built with cement
or base course binder only. Thus the use of fly ash bound mixtures is restricted to
exceptional cases only, above all to test constructions. In specific projects also
siliceous and calcareous fly ash have been used in or as hydraulic road binder.

To evaluate whether the requirements in the European standards are sufficient to
cover also the experience gained with the German regulations a research project on
“Suitability of mixtures for hydraulically bound base courses according to European
Standards for applications in Germany” /1/ was conducted.

This paper deals with the experience with hydraulically bound mixtures in road
construction and will focus the long term observations of road binders with
calcareous fly ash in existing roads in Germany and investigations on fresh binders
produced in the laboratory scale.

2 Background and aims of the research project

The aim of the research project was to gather the experience in Europe with
Hydraulic Road Binders (HRB) and gained with the European standards EN 14227,
parts 2 to 4 with slag bound and fly ash bound base course mixtures, to test their
efficiency on existing road pavements, and to determine under which conditions they
are an efficient alternative for Germany to the currently applied procedure of
exclusively using cement or base course binder. In addition to these field
investigations, several fly ashes and ground granulated blast furnace slags have
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been investigated to find out whether and under which conditions they can be used
for the construction of base courses which fulfil the requirements of ZTVT /2/ and
TL-Beton /3/ to hydraulically bound base courses having a defined early strength.

The research activities include a literature study regarding experiences gained in the
use of slag bound or fly ash bound base courses according to EN 14227, parts 2 and
3, in 12 countries.

The use of fly ashes, blast furnace slags and granulated blast furnace slags for the
production of hydraulically bound mixtures in road construction is mainly considered
under the aspects of ecology and economy:

- use of local materials to reduce costs

- use of pozzolan- and/or hydraulic and latent hydraulic material based binders with
low CO, emission

- reduction of the layer thicknesses of the asphalt paving with the option for a
gradual increase in dependence on the traffic load

This applies, above all, to Belgium, France, Great Britain, Poland and Spain. In these
countries, construction methods using suitable fly ashes or granulated, ground or not
ground granulated blast furnace slag as sole binder or in combination with cement or
lime are efficient alternatives to “traditional” cement bound base courses.

All over Europe, 42 % of the slags are used in road construction. Especially in Great
Britain, France, Poland and Slovakia, these construction methods are widely applied.
In the main, there are three categories for the flexural rigidity of the base course with
hydraulic binders (HRB):

1. HRB of high rigidity (pressure strength > 10 MPa, E = 15,000 to 30,000 MPa,
usually provision of grooves to avoid wide cracks) - Belgium, Germany, France

2. HRB of medium rigidity (pressure strength = 2.5 to 4 MPa, E = 7,000 MPa to
10,000 MPa, narrow cracks) — Italy

3. HRB of low rigidity (pressure strength < 2 MPa, E = 1,000 to 2,000 MPa,
microcracks) - Switzerland

Here, one differentiates between slow (self-) hardening mixtures and mixtures having
a defined early strength in the meaning of a hydraulically bound base course or
compaction according to the German ZTVT-StB /2/ (28d pressure strength 7 N/mm?
to 12 N/mm? under asphalt and > 15 N/mm? under concrete).

3. Investigations

The long-term behaviour of base courses is decisive for the assessment of their
evaluation as an alternative to the base courses usually applied in Germany. This
long-term behaviour can be best determined on already completed road structures.

In Germany, nine different test roads were built with slag bound and fly ash bound
base courses from the years 1985 to 1998, which have been exposed to traffic for
several years already. Within the research project each of the road structures and
relevant material parameters, determined from samples taken for dimensioning, were
studied in field investigations.
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3.1 Investigations for slow hardening base courses

The bearing capacity of slowly hardening base courses was measured by Benkelman
beam and Falling Weight Deflectometer in the years 2005 and 2006. Simultaneously
with the field investigations, laboratory investigations of the base materials used for
these construction projects were made.

To assess and classify such alternative hydraulically bound base courses in the
system of Rules for the Standardisation of the pavement — RStO - the specific
deformation module was also determined by means of the Falling Weight
Deflectometer - FWD - on the basis of the measurements of the bearing capacity.

The approximation function {1} for the two-layer system, developed by WEINGART,
was used for the iterative evaluation of the deflection moulds measured in the test
routes with fly ash bound and slag bound base courses, providing sufficient
coincidence with the BISAR calculation:

w, 1
Hr’ - / \2 6 {1}
= (e s) 1o )
with
% f il E
A:I—l*[l—ij*arctan( b ”J:£ {2}
T X 2*a) E,

n =275 El
and Eo

as well as the approximation solution for the relative settlement of layer 1 in the load
centre

Aw(r=20 gf A
( ) ~]l-Ve ¢ {3}
w(r=0,E,)
and for the specific modulus of elasticity of the asphalt

¢ 0.07T,, alttemperanr
E ~ 28.000/e Asphalriens {4}

Asphalt

with

r = distance from the load centre

a = radius of the loading plate

h = thickness of layer 1

E1 = specific modulus of elasticity of the top layer 1

EO = modulus of elasticity of the semi-infinite elastic solid

Ea = equivalent modulus of elasticity on the surface of the two-layer system

wr = deflection at the distance r from the load centre

Asphalttemperatur = temperature of asphalt
In addition, Easphar {4} Was checked by measurements above and below the asphalt layer
in the borehole.
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3.2 Investigation of mixtures with selected early strength (hydraulically bound
base course according to ZTVT)

On the basis of the chemical-mineralogical data of the fly ashes and granulated blast
furnace slags, three ground granulated blast furnace slags, four fly ashes (calcareous
fly ash from Schkopau and Janschwalde, hard coal fly ashes from Scholven and
Bexbach) as well as two base course binders HRB 32,5E and one cement CEM |
32,5 R were also chosen according to the European Standards, whose chemical
compositions served to cover the range of the potential binders. Pre-condition for the
use of the ashes and slags was to fulfil both the requirements of the European
Standards EN 14227-2 and EN 14227-3 and the ones of ZTVT (TL-Beton).

These binders were used to produce mixtures for hydraulically bound base courses
in the laboratory (conforming to European Standards and ZTVT-StB) and
investigated for their green strength, pressure and splitting tensile strength, dynamic
modulus of elasticity, fatigue strength, frost resistance, volume stability and durability.
The results of these investigations will only be described in the conclusions.

4. Projects with calcareous fly ash in hydraulic road binders

From 1985 to 1998 nine different test roads were built with slag bound and fly ash
bound base courses in Germany. The projects with calcareous fly ash together with
the rounded layer modul (see 3.1) categorised as explained before are given in
table 1.

Project base course mixture Layer modulyounded
[MPa]

Boxberg crushed stone base course (Boxberg, y.o.c 400
1993)

Boxberg 95% BFA Janschwalde + 5% cement without 1800
aggregates (Boxberg, y.o.c 1993)

Lochau cracked pavement of 30% CaO-rich BFA 5000
Schkopau + 70% recycled concrete (Lochau,
y.0.c. 1997)

Lochau 30% CaO-rich BFA Schkopau + 70% recycled 9000
bricks (Lochau, y.o.c. 1997)

Asendorf 30% CaO-rich BFA Schkopau + 70% recycled 28000
concrete (Asendorf, y.o.c. 1998)

Boxberg 51.2% RC + 28.8% gravely sand + 17.8% BFA 28600
Janschwalde + 2,2% PZ (Boxberg, y.o.c. 1993)

Table 1  List of the base courses produced with calcareous fly ash together with
rounded layer module
(Epase course with binder Modules of the bound mixtures produced with
calcareous fly ash determined by the re-calculation of all FWD measuring
results in comparison with the Epase course without binder Modules of base course
mixtures without binder)
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4.1 Project Boxberg

The main road to the power station Boxberg was built with the fly ash from the
Janschwalde power station in 1993 /6, 7/. The total length of the road built with fly
ash is approximately 70 m. The road was constructed according to RStO class Il in 3
parallel lines with 3 m width each. The HRB was covered with asphalt. Since its
construction in 1993 the road is under regular control.

figure 1a figure 1b
Placing of HRB with calcareous fly ash Compaction of HRB with calcareous fly
at Boxberg power station ash at Boxberg power station

The fly ash from the power plant is certified for use in concrete and was used with
and without aggregates (mix 1 and 2). Due to lower lime content of the ash it can be
considered a siliceous type and by this cement was used in addition. The chemical
composition of the Janschwalde fly ash is given in table 2.

Since its construction in 1993 the road is under regular heavy load of at least RStO
class Ill. A visual inspection showed no significant changes compared to the
production phase. The compressive strength of the two types of binders (see table 2)
with and without recycling material equalized with time and showed 13 N/mm? after 1
year. After 3 years a compressive strength of 30 N/mm? was achieved. A further
increase of the compressive strength was not observed /6/. After 14 years of service
the road did not show any damage.

4.2 Project Asendorf

In November 1998 a fly ash bound road binder with fly ash from the Schkopau power
plant was used for the demonstration project Asendorf of MUEG - Mitteldeutsche
Umwelt- und Entsorgung GmbH. The project is the interlink from the main road L264
to a compost plant of MUEG which is regular used by big trucks (see figure 2a).

A mix of 30 % (607 kg/m?) fly ash and 70 % (1.412 kg/m?) concrete-recycling-material
was mixed in a concrete mixer with ring gap. The water content was 0.35 (212 I/m?3).
As the distance between mixer and site was about 50 km a retarder was added. In
total, 110 tonnes of non treated fly ash and 260 tonnes of concrete-recycling material
was placed by hand and compacted by vibrator. The road was properly cured by
wetting. The compressive strength of the samples produced with the site mix was 7.8
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N/mm?2. The mix was placed on a frost resistance layer produced with limestone
gravel and covered with an asphalt layer with a thickness between 2.5 and 4 cm.

project Boxberg Asendorf
Parameter KW Janschwalde KW Schkopau
18.06.1993
[% by mass]
SiO, 50.7 21.9
Al,O3 8.5 10.1
Fe,O3 9.3 4.1
CaO 7.8 46.5
CaOrree 1.0 15.5
MgO 4.3 4.2
K20 0.9 0.33
Na,O 0.1 0.65
SO3 2.3 11.0
Cl <0,01 n.d.
LOI 0.6 n.d.
Mix 1 Mix 2 Mix
Kg/m?3
aggregates - 606 -
RC concrete - 1076 1412
fly ash 1492 374 607
CEMI1325F 78 47 -
water 313 240 212

n.d. not determined

Table 2: Chemical composition of fly ash from lignite combustion used in hydraulic
road binders and mix design for road projects in Germany

After seven years, a set of 12 core samples were taken from the road. The
compressive was 34.2 N/mm? with a standard deviation of 2.9 N/mm?2. By this, the
hydraulic bound road base with this high-lime fly ash a similar compressive strength
was achieved as with the road base of the Boxberg project. The drilled samples
demonstrate the homogenous structure of the road base (see figure 2b)
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figure 2a figure 2b
Interlink to the compost plant of MUEG Core samples taken form the fly ash
bound road based at Asendorf

figure 2c figure 2d
Road hole due to non sufficient Reflexion cracks
connection of the layers

During the visual inspection road holes were registered which are caused by the thin
asphalt layer and a non sufficient connection between the layers. It can be seen in
figures 2c that the fly ash bound road base is in proper condition.

Due to the thin cover layer and the high compressive strength of the hydraulic bound
base road reflexion cracks were observed in 4 m up to 51 m distance on a total
length of 150 m (see figure 2d). Furthermore, an open longitudinal seam was
observed in the middle of the road.

The chemical composition of the fly ash from the Schkopau power plant used in the
road project in November 1998 is given in table 2. Due to the high content of free
lime of 15.5 % by mass and sulphate of 11.0 % by mass the ash tends to high
expansion based on ettringite formation what was observed in soundness test in
laboratory investigations (see figure 2e left side) .

The soundness problem based on ettringite formation in the laboratory tests was not
observed in the real project. The observed reflexion cracks indicate a shrinkage but
due to the chemical composition an expansion was expected.
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figure 2e

left: Sample after storage in humid Test fields with fly ash bound road
conditions without mold binders (15 cm high, 1.85 cm x 1,25 cm)
right: Core sample taken from the test at the laboratory hall of the Anhalt

field of the test hall of the Anhalt University
University road

To investigate the soundness of HRB with this fly ash a small test field was produced
in a laboratory hall of the Anhalt University. With the small test field no expansive
cracks were observed although the fly ash from Schkopau have been used without
pre-treatment, i.e. slaking. The compressive strength of the core sample taken from
the test field after 28 d showed a compressive strength of 7.6 N/mm?2. This is similar
to the compressive strength of the samples for the Asendorf road project from 1998.
By this, the proper storage of the fresh sample in the mould is the pre-condition for
crack free hardening /7/.

To verify this new samples were produced with 80 % by mass aggregates 0/8 und
20 % by mass Schkopau fly ash and tested for compressive strength after different
storage. The results of these tests showed that a crack free hardening is guaranteed
when the samples are stored longer in the mould. It can be concluded that samples
for product testing with high lime fly ash should be stored in the mould as long as
they are to be tested, 7 days is a minimum.
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4.3 Project Lochau

Between July and October 1997, MUEG - Mitteldeutsche Umwelt- und Entsorgung
GmbH —, produced a fly ash bound base course in their Lochau production site with
the fly ash from the Schkopau power plant in fresh and treated state. Treated fly ash
is produced with fresh ash which is slagged in a mixer with a certain amount of
waster to hydrate the reactive lime. By 2007, the road was not covered with asphalt
and by this was fully exposed to weather.

The road project consists of several parts where fresh ash and treated ash were
used together with natural ground, recycled bricks, recycled concrete and sand. The
material was placed mix in place with moulding and vibrating machine as well as with
ready mixed material placed with a normal road finishing machine. The ash content
of the mixed was between 20 to 30 % of the total with 10 to 15 % of water.

Road part
[kg/m?] -1 -2 V-1
recycled bricks 1393
recycled concrete 1393 1408
fresh ash 418 423
treated ash 418
retarder 0,627 0,627
air entraining agent 0,423
water 167 167 169

n.d. not determined

Table 3: Mix design for HRB used for road parts IlI-1, IlI-2 and IV-1 of the Lochau
road project

Samples taken from part Ill, produced mix in place with vibrating machine, showed a
compressive strength of 7.8 N/mm? and those from part IV, produced with ready
mixed HRB and placed with a road finisher, 5.8 N/mm?. Compared to cement bound
road binders the fly ash based road binders show longer setting times. For this,
mixtures with fresh ash show compressive strengths of 5 to 6 N/mm? after 7 days and
16 to 17 N/mm? after 28 days. Treated ash show comparatively lower compressive
strengths of 2 to 3 N/mm? after 7 days and 12 to 13 N/mm? after 28 days.

After nine years under service the road showed surface weathering in the road parts
[, I'and IV. In this parts the road could be supposed to be a top layer part. In road
part Ill no damages or surface weathering was observed. In road part IV with the
smallest thickness of the road base cracks have been observed due to heavy traffic.

The compressive strength of core samples of road part Il taken after 9 years showed
values double as high as after 28 days. Although the base course was not covered
with asphalt and was exposed to weathering no change in the structure was
observed. The fly ash bound base road looked similar to one made of concrete with a
compressive strength of 25 N/mm?.
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The E-modulus was tested with the Falling Weight Deflectometer (FWD) and was re-
calculated to 15.000 up to 30.000 MPa. These values are in the same range as those
for cement bound bases. By this, the fly ash bound mixes placed in the Lochau road
project can be seen as equal to normal road binder, also taking into consideration the
missing cover layer with asphalt. Pre-condition is, that the height of the fly ash bound
layer is sufficient for the work load. In the road part IV-1 this is not the case and
cracks were observed. The E-modulus of the cracked layer is than reduced and is
sometimes of the same height as for unbound bases. Another pre-condition is a
homogenous structure of the layer and — when placing two layers - a proper
connection between the layers.

5 Summary and conclusions

Within a research project in Germany different tests roads built with slag bound and
fly ash bound base courses from 1985 to 1998 have been investigated regarding the
bearing capacity by Benkelman beam and Falling Weight Deflectometer. Core
samples were tested regarding compressive strength and durability. Aim of the
research work was to evaluate whether the requirements in the European standards
14227 part 2 to 4 are sufficient to cover also the experience gained with the German
regulations.

It was verified that suitable slag bound and fly ash bound mixtures are sufficiently
resistant against frost and have a high long-term durability under the prevailing
climatic conditions in Germany, too. Even in the case of an investigated object with
different fly ash bound mixtures without asphalt superstructure, just some surface
weathering occurred. The bearing capacity of the whole fly ash bound layer was
practically not affected by such weathering and remained undamaged on all test
sections. Furthermore it can be stated that the load-bearing parameters of road
pavements with widely varying rigidity and layer thicknesses, required for
dimensioning, can be favourably determined by the Falling Weight Deflectometer.

Fly ash bound mixtures, like the slag bound mixtures, have usually not reached their
final strength after 28 days. Furthermore, the results show that for the execution of
suitability tests of mixtures of calcareous fly ash with a high percentage of lime, the
test specimens have to remain in the formwork for a period of = 7 days according to
EN 14227-1, Appendix C, after treatment procedure D, to ensure the hardening
without cracks.

To avoid too high rigidities and the associated too high risk of reflection cracks, it is
generally useful to prescribe the strength class Cs4 according to DIN EN 14227, part
2 and part 3 for the preparation of the regarding mix in the suitability test.

The main results of the additional laboratory tests for the production of base course
mixtures with a defined early strength and a defined load-bearing behaviour
according to the current base courses bound with cement or base course binder as
per ZTVT-StB /2/ (hydraulically bound base courses) can be summarised as follows:

a. By using the investigated calcareous or siliceous fly ashes or by using ground
granulated blast furnace slag with different activators (cement, NaOH), it was
possible to produce mixtures for hydraulically bound base courses which fulfilled
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either the requirements to the pressure strength of hydraulically bound base
courses under asphalt covers, under concrete covers or under both of them.

b. Hard coal fly ashes need approx. 2 M.-% cement as activator to achieve the
required pressure strength. Ground granulated blast furnace slag obtained this
strength by means of cement, lime-rich calcareous fly ash or NaOH as activators;
lime-rich calcareous fly ashes were able to also achieve this strength without
additives.

c. Hydraulically bound base courses with sufficient pressure strength and sufficiently
long hydration time were also sufficiently resistant against frost and repeated
strong penetration of moisture and drying.

d. Structural failures caused by the attack of sulphate and the formation of ettringite
(sulphate expansion) were not found.

6. Outloock

The results of the investigations revealed that the introduction of the European
Standards for slowly hardening slag bound and fly ash bound mixtures in Germany
can be generally recommended.

It was verified that suitable slag bound and fly ash bound mixtures are sufficiently
resistant against frost and have a high long-term durability under the prevailing
climatic conditions in Germany, too.
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Standardization of combustion products for road
construction in Poland

Introduction

Utilization of ashes from power generation in road construction in Poland begun in 50-ies, soon after
the power plants fired with pulverized coal started their operations. First industrial (branch) standards
started to appear in 60-ties and 70-ties, with subsequent revisions. Last major revision of standards
regulating the use of ashes in road construction was in the years 1997-98 and these revised standards
are still in force. These Polish standards cover a wide range of applications, from using ash in
embankments, through ash as soil treatment addition up to aggregates in hydraulically bound mixtures,
so called ash concretes. Additionally, the standard PN-S-96035:1997 regulates the characteristics of
flyash used for road construction.

Unfortunately all the above mentioned Polish standards cover only ashes from combustion of coal in
pulverized fuel boilers — so called conventional boilers. They do not include yet the fluidized bed
combustion (FBC) ashes and ashes mixed with the flue gas desulphurization products (FGD).

New European standards covering fly ashes are currently implemented on discretionary basis PN EN
(U), and introduce new classification enlarging the areas of application for all types of ashes currently
produced in power plants and CHP plants. This opens up a great opportunity for FBC ash.

Main Polish standards for road construction include:

PN-S-06103:1997 — Roads for cars. Subbases from ash concrete, covers the use for construction of
subbases of hard coal or lignite ash (conforming to PN-S-96035:1997) in combination with
aggregates.

This standard distinguishes the three strength classes of ash concrete:
— classRs," =1,5+ 3,0 MPa,
— class Ry =3,0 + 5,0 MPa,
— class Ry =5,0 + 8,0 MPa.

Class of a subbase is determined by the traffic load category and the location in the road cross-section,
in relation to the pavement (principal subbase, auxiliary subbase). Content of ash from hard coal (PK
type) in the mixture can be up to 95%.

PN-S-96035:1997 — Roads for cars. Fly ashes, providing classification and specifying required properties of
fly ashes useful for road construction. This standard covers ashes from hard coal (PK) and lignite (PB).
Additionally, three sub-classes are introduced:

— PKsub-class a — ash as a hydraulic addition to binding materials,
— PKsub-class b —ash as a fine aggregate for mineral mixtures with inadequate granulometry,
— PB sub-class ¢ — ash as a binding material.



This standard is also defining requirements, testing and general guidelines for suitability of ashes for
road construction.

PN-S-02205:1998 — Roads for cars. Earth works. Requirements and tests. This standard is allowing
amongst others for using fly ash and ash-slag mixtures as materials suitable for construction of road
embankments. Ash-slag mixtures should conform with requirements of PN-S-96035:1997. The
standard permits using fly ash for bottom layers of embankments, provided that they are used in areas
protected from water penetration. The use in upper layers of embankments is conditioned on adding
binder to improve the ash. The standard also sets requirements for the different layers of
embankments, the same for mineral materials and ashes/ mixtures of ashes and slags.

PN-S-06102:1997 — Roads for cars. Subbases from mechanically stabilized aggregates, where ash
may be used as a constituent improving the properties of mixed crushed aggregates. If aggregate mix
is not conforming with technical requirements, it can be improved with addition of ash.

PN-S-96012:1997 — Roads for cars. Subbase and grade treated with cement, including using ash for
improving granulometry and performance of the treated soil. In this application ash is to provide a
better granulometry of the stabilized soil or aggregate.

Technical standards are supplemented by a group of technical agreements. When there is no suitable
official Polish standard in operation, a technical agreement (kind of quasi-standard) is required for all
building materials and prefabricated products.

Selected Technical Agreements:
EPO Spoétka zo. o.:

1. Technical Agreement issued by IBDiM (Research Institute for Roads and Bridges) Nr AT/2006-
03-2009 for Concrete Mixture EPO-BET for construction of principal and auxiliary subbases, as
well as for strengthening layers and grade bases for road embankments.

2. Technical Agreement IBDiM Nr AT/2005-03-1932 for Hydraulic road binder EPO-MIX for
traffic engineering applications,

3. Technical Agreement IBDiM Nr AT/200-04-1820 for Lightweight crushed aggregate EPO from
boiler slag for road construction, as base aggregate, as grain distribution improvement addition,
and as filling or locking aggregate.

UTEX Spotka z 0. o.:

AT/2004-04-1651 Furnace slag aggregate UTEX
AT/2004-04-1749 Soil improvement binder Solitex
AT/2005-04-1827 Concrete mixture with ash and slag
AT/2005-03-1866 Hydraulic road binder Solitex

European Standards relating to CCPs in Road Construction

European Standards EN regulating the use of CCPs in road construction are prepared by the Technical
Committee TC 227 of CEN:

EN 14227-3:2007 — Hydraulically bound mixtures — Requirements; Part 3: Mixtures bound with
flyash, contains requirements for mixtures stabilized with ashes, acting either as part of the binder or
as the main aggregate constituent.



EN 14227-4: 2005 — Hydraulically bound mixtures — Part 4: Fly ash for hydraulically stabilized
mixtures, contains characteristics of and requirements set for ashes.

EN 14227-1 — Specifications for unbound and hydraulically bound mixtures. Part 1: Mixtures bound
with cement, for construction of load bearing and subbase layers, for the construction and maintenance
of load bearing layers and subbases of roads, airfields and other trafficated areas.

EN 14227-5 — Hydraulically bound mixtures - Part 2: Mixtures stabilized with road binders, this
standard provides a definition of ,,mixtures stabilized with a road binder” used for the construction of
roads, airfields and other trafficated pavements, and is defining recommendations for constituents, mix
composition and laboratory testing.

The current state of standardization in Poland and Europe regarding the utilization of coal combustion
byproducts allows for a wide range of applications of ash and slag as autonomous materials for road
construction or in combination with mineral materials in technologies involving stabilization with
cement.

Depending on the type of application in the road structure these may be:
— mixtures for earth works substituting mineral soils,
— mixtures treated and stabilized with hydraulic binders.

Wearing course

Bonding course

— Road pavement courses
Principal subbase

Auxiliary subbase

Draining layer

Treated grade Frost protecting layer

- Earth works
Strengthening layer

Natural grade or embankment

Fig. 1. Parts of a road structure

Characteristics of fly ash in PN EN 14227-4 standard

The recent standard PN EN 14227-4 relates to fly ash for hydraulically bound mixtures and covers a
wide range of possibilities. Fly ash in hydraulically bound mixtures may act as:

e aggregate admixture improving the granulometry of the mixture (up to 20% ash content),
e pozzolanic admixture or even autonomous binder (3 to 20% ash content),
e principal constituent of ash mixtures — ash concretes (ash content to 97%).

Ashes conforming with PN EN 14227-4 are also used for treating soils in order to increase their
suitability for construction according to EN 14227-14. Fly ash act as a dehumidifying agent,
increasing bearing properties of soils, or as a hydraulic or pozzolanic agent causing binding of soils
and producing a quality of resistance to compression and freezing.



In the standard PN EN 14227-4, a new classification of ashes was adopted, departing from the one
used so far. Only two types of ash are named: siliceous and calcareous. It should be noted, that the
standard is neither limiting the combustion technology nor the type of coal. It means, that the standard
will cover all types of ash, from both hard coal and lignite, burnt in power installations employing
various combustion and flue gas desulphurization technologies. Separate sets of tests apply for each
type of ash. Type of ash should be determined by analyzing the composition of oxides in given ash.

Tables 1 and 2 present the testing programs for each type of ash according to the standard PN EN
14227-4.

Tablel Testing program for siliceous fly ash according to EN 14227-4

Test procedure
Ref. Type of test according to standard:

siliceous ash

1. | Granulometry (grains passing 90 and 45 um mesh) EN 451-2

2. |Loss on ignition PN EN 196-2

3. | Determination of —SO4 PN EN 196-2

4. | Determination of free lime and soundness” EN 451-1

5. | Moisture content -

6. | Pozzolanic activity (when required) Compressive strength
measurement

7 |7 Soundness (required if free CaO>1%) PN EN 196-2

Table 2 Testing program for calcareous flyash according to EN 14227-4

Test procedure
Ref. Type of test according to Standard:
calcareous ash
1. | Granulometry (grains passing 90 and 315 um mesh) PN EN 196-6
2. | Soundness PN EN 196-3
3. | Reactive calcium oxide PN EN 197-1
4. | Water content -
5. | Hydraulic activity (when required) Compressive strength
measurement

The number of features tested according to the new standard is substantially smaller in comparison
with the old Polish standard PN-S-96035, which is making the plant production control much simpler.
Type of ash may be determined on the basis of chemical composition, which is tested in each power
plant producing ash. The new standard is not including any testing of natural radioactivity, because
numerous past research has proven beyond doubt, that the radioactivity of fly ashes conforms with the
requirements defined for building materials. Also other features haven’t been included in the new
standard, such as: uncompacted density, content of external impurities, general CaO content and SiO,.

The standard PN EN 14227-4 defines the scope of testing and requirements for each type of ash
separately. For example, in case of calcareous ashes no testing of SO3 or loss on ignition is required,
which opens possibilities for utilizing FBC ashes and ashes with FGD products, which generally
contain more SO; than in conventional ashes. Testing of soundness is demonstrating, how given ash
will perform in a hydraulically bound mixture.

Two new features of ashes found their place in the standard: the pozzolanic activity and hydraulic
activity. From the point of view of classification of ashes these are very important parameters,
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indicating the potential properties, which the mixture made with given fly ash will be achieving. The
pozzolanic and hydraulic activity is determined by testing the strength of a mixture of tested ash with
standard aggregate (and lime as an activating agent while determining the pozzolanic activity).

Fly ashes conforming with PN EN 14227-4 are used for hydraulically bound ash-containing mixtures
according to PN EN 14227-3. Bound mixtures in strength classes ranging from 0.5 to 36 MPa are used
in road subbases. The standard PN EN 14227-3 distinguishes 5 types of mixtures, named: FABM 1+5
(Fly Ash Bound Mixtures).

Type of the mixture depends first of all on the composition and grain distribution profile of the
mixture. The standard is providing grain distribution ranges and sets limit curves. Generally, the ash
mixtures may be divided into three kinds:

e Mixtures FABM 1+3 — composed first of all from fine aggregates or coarse aggregates with
addition of ashes and binders,

e FABM 4 — mixtures of declared composition, granulometry and performance characteristics.

¢ FABM 5 — mixtures made basically from ashes with addition of binders.

Benefits of using materials derived from coal combustion by-products:
v Economic, durable and versatile material,
v Material of low specific density (ranging after compaction 1.1-1.3 kg/dm?), which reduces the
cost of transport by up to 40%,
v' Country-wide availability,
v' Significant strength and frost resistance,
v Their use preserves natural resources.

Conclusions

Adoption of a new classification of ashes according to PN EN 14227-4 is favorable in the aspect of
opening up new possibilities of utilizing a much wider range of fly ashes than before.

The new classification includes all types of ashes in terms of coal combustion and flue gas
desulphurization technologies, even those earlier not conforming with the requirements of the standard
PN-S-96035.

According to the new classification system, regardless of the type of burnt coal, FBC ashes will be
classified as calcareous ashes.

The new classification system and testing program according to PN EN 14227-4 is much simpler and
more unambiguous than the previous one.

Calcareous and siliceous ashes conforming with PN EN 14227-4 can be used in hydraulically bound
mixtures according to PN EN 14227-3.
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Owovouko oKVPOOELD, dUTEOWMV KOl 000GTPOUATOV

E. Avactaciov, I. ITawaywavvy
Epyaotipio Aopukarv Yiikawv, Apiototéieio Havemotiuio Osooalovikng

AéCeig rlerdia: a&romoinon Propnyovikdv topampoidvtov, KOPEPVNTIKH TOALTIKY,
KOVOVIOTIKO TAMIG10

IHNEPIAHYH: H o&omoinon tov Blopnyavikodv topampoidviov sivar Evo {Tnuo mov
avTleToniletar pe avENUEVO EVOLOQEPOV OO TNV EMIGTNUOVIKY KOWOTNTO TIG
teAevTaiEg deKaeTie. XtV mapovoa epyacia e&etdlovtal Ol TAPAUETPOL TOV APOPOVY
NV amoppOPNOY| TOV TAPUTPOIOVTIOV GTOV KATOGKEVACTIKO TOUEN KOl EWOIKOTEPN TO
nePPaALOVTIKO TPOPANUA OC apeTNPle TNG £PEVVAG KOL Ol TEYVIKOT, OIKOVOLLKOT Kol
KOW®VIKOl apdyovteg mov ennpedlovv Tov tpoémo kot to Pabud aglomoinong, evo
wWwitepn avoeopd yivetor oto poOAo NG Tumomoinong Kot g OBecpoBétmong
Kavovicu®v. Méca g avtd t0 TANIGL0 €EETALETOL O UNYOVIGHOS TNG OYOPAg Kot
TPOTEIVOVTOL TOPAUETPOL EAEYYOL Y10l TN WEYIGTOMOINGN NG YPNONG Propnyovikmv
TOPOATPOIOVIWV GTOV KOTOGKEVAGTIKO TOUEN.

Low-cost concrete for pavements

E. Anastasiou , |. Papayianni
Laboratory of Building Materials, Aristotle University of Thessaloniki

Keywords: by-product utilization, governmental policies, regulatory framework

ABSTRACT:. Industrial by-product utilization is an issue that attracts increased scientific
interest over the past decades. In this paper, the factors affecting the by-product utilization
rate in the construction sector are discussed and, especially, the environmental, economical,
technical and social issues that pertain by-product applications, while the role of
standardization and legislation is also examined. Within this framework, some key factors are
proposed regarding the maximization of by-product utilization by the construction market.



1 TO IIEPIBAAAONTIKO I[TPOBAHMA

YT0V KOTOOKEVAOGTIKO TOUEN TOPOTNPEITAL LEYOAT KATAVAAWMOT) EVEPYELNG KOl KOT  EMEKTOCT
ONUOVTIKESG EKTOUTEG OEPIMV, OTMG EMICTG KOl GNUOVTIKY] KOTAVIAMGT PLGIKOV TOP®V KOTA
mv mapackevn toéviov Portland kot oxvpodépatoc. H Brounyavia mapaymyng toipuévion
gvBvvertal mepinov yio 10 7% TOV GUVOAMK®V TAYKOGLL®V EKTOUTMV O10EE10100 TOL GvOpoKa.
H mopackeun 1 tovov khivkep to1puéviov cuvendyetarl v axdppymn mepinov 1 tévov CO,
OTNV OTUOCOOIPO KOl TNV KOTUVAA®MGT] CNUOVIIKAOV TOGOTHTMOV QUGIKOV TETPOUATOV
(mepimov 1,5 16vog acPectorBov amatteitar yio Ty mapaywyn 1 TOGVOL TGUEVTOV), KOVGTIH®Y
kot miektpikng evépyewng (Glavind k.o, 2005). Kotd m™v mapaywyn oKupOSEUATOC
KOTOVOADVOVTOL, ETIGNG, LEYOLES TOGOTNTEG PUCIKMOV TPATOV VA®V (TETpOUOTA, VEPD).

H EAAGSa cvupetéyel oto mpotokorlio tov Kidto kot otoyedel otn peimon tov ekmounmv
CO; omVv atuocearpa, eved NoN eival g papproyn TO HETPO TOV SIKAMUATOV EKTOUTMY KOl
oe kdBe vrépPaon Ba koatafdiieTon mpootipo mpog v Evponaikn ‘Eveon. H mopaymyn
TOUEVTOV (OC TEAIKO TTpoidy otnv EALAde vmoioyiletar og 15,4 exatoppwpio tovoug to 2005,
amd ta omoia ta 12,5 ekotoppvplo. tovot givar khivkep Ioptiavt (British Geological Survey,
2008). H ypnon peyoAdTEp®V TOCOTNTOV PLOUNYOVIKOV TOPATPOIOVI®OV Oomd TNV
Toevtoflopnyavia, OTMG 1N TTAPEVN TEPPO, UTOPEL Vo, SIOTNPNCEL T EMIMEDD TOPAYMYNS
TOUEVTOV LE TOVTOYPOVY Heimon Tov evepyoPopov kAivikep [Toptiavrt.

Tpeig amd tovg KVpLovg dEoveg TG mEPIPAALOVTIKNG TOMTIKNG Yot TNV EMTELEN TOV GTOY®V
ToV TPOTOKOALOL Tov K10To €lvar 1 peiwon Tov ekmoum®V aepiv 6TV OTHLOCOULPA, M
dlTNPNoN TOV QUOIKAOV TOPOV Kot 1 HEYISTN OSvveTh 0EOTOINCT TOV TAPOYOUEVOV
amoPANTOV.

1.1 Meiwon tov ektoundv CO, oty atudspapa

To towévto Portland kot 1o oxvpddepo avouévetal vo cuveyicovv vo. givatl to Kupiapya
dopkd vVAKA 6to péALOV ko  owéavouevn (ftnon tovg oe dvo peydieg yopes (Kiva kot
Ivdia) mov avoartbocovtol taydtoto Bo AVEAGEL OTUOVTIKG TNV TOYKOGULO KOTOVOAMON
towévtov (Bilodeau & Malhotra, 2000). H avénuévn mapayoyn omotelel mpopAnua 1660 o€
TOYKOGLO EMIMEOO OGO KOl GE TOMIKO Yo TOAAEG YDPEC LE TEPLOPICUEVN OrobecudTNTA
TPOTOV LADV. TNV TPoomdOela yio Peimon TG KOTavIA®MONG EVEPYELNG TOYKOGLIMG TPEMEL
vo pewwBel Kor 1 EVEPYEWL TOL KOTOVOAMVETOL KOTA TNV TOPOy®YN TOWEVIOL Kol
GKVPOSEUATOG.

‘Etol, ovapéveror omd TNV KOTOOKELOOTIKY Plopnyovio vo SiveTor OA0 Kol HEYOADTEPN
éUpacT oty TPoomdleln EICAYOYNG EVOAAKTIKOV DVAIKOV GTNV TOPOYOYIKN dlodikacia,
OT®¢G emiong Kol otV ovokOKA®mon VAK®V. Ta evodlloktikd avtd vAkd pmopel vo eivar
OmOPANTA 1 Kol TOPOTPOIOVIO GAA®Y TOPUYDYIKOV S0SIKOCIHV KOl OTOLTOVV CNUOVTIKA
MyOTEPN KOTAVAA®MOT €vépPYelng (Kol KOTO GULVEMELN EKMEUTOVV CTUOVTIKG HIKPOTEPES
nocotnteg CO, omv otpoceopa). H ypnoyomoinon peydiov o6ykov Bropunyovikmv
TOPOTPOIOVIMY GTO CKVPOSELN UTOPEL Vo LeEIdoeL puéxpt kKot S0% v exmoumn 610Ee1diov Tov
GvBpaka Tov oyetifeTon pe TV Tapay®Yn TOEVTOL Kot okupodépatog (Jahren, 2004), émmg
KOLL 1] GUVOVAGHEVT] XPNOT| SLOPOPETIKAOV EVOAAAKTIKMOV VAIKMV.

1.2 Awtipnon Tov QUGIK®V TOPp®V

Meyaro meptPailovtikd Otnuo omotedel N KATOVAA®GT PUOIK®Y TOP®V Kol EWOIKOTEPO. 1)
eEOpLEN 0dpaVOY Kol TPATOV VADV Yo TNV TOPACKELT okvpodépatog. H etnola mapaymyn
0oPecToMOIKOV adpavadv 6Tov EMANVIKO Ydpo voroyiotnke o 100 exatoppdplo TGVOLS TO
2006 kot 90 exatoppvpla tovoug 1o 2007 (EME, 2008), evd 1 ade10806tnon kat ot 6pot
Aertovpyiag Twv Aatopeiov kabopilovrol péca amd Wwitepa avotnpd TAGICIO e GKOTO T
peimon g vofadong Tov PVGIKOD TOTIOV.



Eniong, n €£0puén Ayvitn oty EALGSa 10 2006 vroroyileton og 71,5 ekatoppdpla tOvVovg
(British Geological Survey, 2008). Ta mapamdve otoleid OmTOTEAOVV TOAD HEYOAEG
TOGOTNTES PUCIKMV TOPMV KOl 1] KATOVAAMGOT TOVG TPEMEL VO YIVETOL [E TN dE0VCA TPOGOYN|
Kot e Tov EAeYY0 ToV THAVOY ADGEDV LE TN YPNOT EVOAAIKTIKOV DAMKOV.

Ta Bropmyovikd amofAnta Ady® Tng OONG TNG PLOUNYOVIKNAG TOPUY®YNG TOAAEG POPEG EYOVV
TETOL0. GVOTOGT] MGTE VO ATOTEAOVV YPYGLLO DAKE Y10l TNV KATOGKELACTIKY Propnyavio kot
Bo pmopodoov va omoterécovv evorlokTikd adpaviy okvpodépatog. Emiong, &xovv ta
TAEOVEKTNUOTO VO EIVOL CUYKEVIP®WUEVO, o€ Alya onueio mTopaymyng, KTl Tov KoboTd
EVKOAOTEPN T1 GLAAOYN TOVE, VO £XOLV GYETIKA oTtafepn chGTAON Kol Vo VITdpyEL oTobepn

pOT TaAPAYOYNG.
1.3 [Tepropiopdg ™G amoppIyng VAIKGOV 6To TEPPAAAOV

[Mo v emitevén TV oTOY®V TG AELPOPOL AVATTLENG Elval OTOPAITITO VO OVIWETOTIGTEL TO
0éua g ave&éleykng evamdeonc omoPANT®V TOV TPoEpyovTal TOGO 0md TO VOIKOKLPLE 0G0
Kot amo T Prounyovikn opactpidotra. To voukd mAaicio g dlaygipiong Tov omoPfAnTmv
(1999/31/EC Landfill Directive (European Council, 2002)) kafiotd, mAéov, dvoyepn kot
OVOTTOTEAEGLOTIKY EVATODEST] TOLC GTO £J0(POG KOl OmOLTEITAL 1| AYN HETPOV Yo KAOE
duvartn a&lomoinon Tovg. Méoa g avtd TO TAMIG10, N KATAGKELAOTIKT Blopnyavia opeilet vo
eketdoel Oleg TIC EVOMUKTIKEG Yo PEl®ON TOGO TNG KATAVAAW®GCNG EVEPYELNG OGO KOl TMV
(PULOIK®V TPMOTOV VADV.

O Swyopopds petacd amdfAntov Kol TopampoidovIov eival 1dtoitepa AETTOS U0 KOl O
YOPOUKTNPOHOG €vOG LAKOD ¢ amoPAnto eEaptdtor omd TuxdV  YPNCHOTNTA TOVL.
XOpoKTNPLOTIKO TAPASELYLLOL OATTOTEAEL 1) TUPITIKT TOUTAAT), TOV O PLOUNYAVIKO TOPATPOIOV
™G uetaAlovpyiog, yopoktnplldtav amdPfAnto péxpt mpwv amd pepkég dekaetieg. H
avakdAvyn 0Tl 1 ¥PNoT TOL MG CLUTANPOUATIKTY Kovia divel Kamoleg Wwitepa emBuuNTég
WB0TNTEC OTO OKLPOOEUD, GE GUVOLOOUO UE TN OYETIKG YounAn oSwbesoudtmrd Ttov,
ekto€evoe TV TN Tov £m¢ Katl 010 dmAdoto ¢ g tov Touéviov (Malhotra & Carette,
1982). @a fitav Gtomo, ETOUEVAG, VO SLOTNPEL TO XOPAKTNPICUO OG ardBANTO ad T GTLyun
OV KATEKTNOE e&€yovoa BEGT GTNV KATOOKELAGTIKY Ayopd.

‘Etol, PAémovpe 61t 6tOov éva amdPAnto Ppiokel ypnon oe kAmow €QOPUOY| HECH NG
OYETIKNG EPELVAG, TOTE TTOVEL VO lvar amdPAnTo Ko yapaktnpiletal eite og napampoiov, gite
®C EVOAMOKTIKO VAIKO. Oa pmopovoape, Aowmdv, va SOVUE TO GOUVOAO TMV AmOPANTOV
OTOL0GONTOTE TAPAYMYIKNG dladtkaciog ¢ whavd mapampoiovta, Kamole omd To omoia oV
&xovv akopa Ppel KATAAANAN epapuoyn 1 ENeEEPYACIO DGTE VAL ATOTEALEGOVY YPTGLULO VAIKA.

H é\hewyn meplopiopdmv oty amoppiyn VAKOV 0dnynce oty oveEEAeyktn evoamdbeon tov
UEYOADTEPOL HEPOVG OVTMOV TOV ATOPANTOV GTO QUOIKO TEPPAAAOV, LE GLVETED TNV
voPadon tov o peydro Pabuod. Yrapyet, emopévac, 1oyvpd TEPIPUAAOVTIKO KOl KOWVOVIKO
Kivtpo vy TV amoppoenon  Plounyovik®v omoPANTOV  amd TNV KOTUOKEVOOTIKT
Blounyavia, n omoia. amwoterel, OVGLOOTIKE, TOV 1OOVIKO TOTO OCEOAODG KOl ETMPEAOVG
ddBeong exatoppdplov ToVoV taparpoioviav (Mehta, 1999).

2 TO OIKONOMIKO ITPOBAHMA

H mpoceopd ot 1 {Amnorn Popnyovikdv mwapoampoiovimv LIOKETHL GTOVS VOUOLS TNG
ayopds, Onmg Kabe GAAO TPoidv, Kol Yo, TNV ETTUYNUEVT] EICOYMOYT] TOVC GE OVTNV €ival
amopaiTnTn N KOTOVONOoN TOL TPOTOL AEITOLPYING TNG, MG TPOG T YPNON VAIK®DV GTOV
KOTOOKELAOTIKO TopEn. XN cvvéxewn o mpoomabnoovpe vo e£NyRGOVLE TOVG UNYOVIGUOVG
™G oyopdc mov emnpedlovy v amoppdPNnoT TV BLOUNYoVIKOV TOPATpoiOVTIOV Kol TOV
EVOALOKTIK®Y DMK®V €V YEVEL



2.1 Tlpaxtikd Tpofinuate otnv ayopd

O mapaywyds, Tpv Tpoywpnoel otn d1dbecn tov Popnyavik®dv moparpoidviov TpETeL vo
aviyetonioet kdmown mpoPAnuata. Ilpodta amd Olo, mpémer m €pevva va vrodeifet
KOTOAANAES ¥PNOELG YO TO VAIKA, ®ote vo, dnuovpynbel oyetikn {ftnon. Xt cvvéyeia
TPEMEL VO OVTHETOTIGTEL TO KOGTOG PETAPOPES, EneEepyaciog Kot EVOEXOUEVNS OAAOYNG TNG
TapayOykng dtadwaciog yio ) didbeon mapampoiovimv pe To EMBLUNTA (OUPOUKTIPICTIKA.
Oco N aio ko n {Mnon tov mopoampoidvtog avéavetal 1000 TECETAL KOl TO TOPATAVED
KOGTOG TTPOg T KAT®. Tehkd, umopovv va dnuiovpyndodv véeg ayopég, oAAG LITAPYEL Mo
owoou(x?m petafotikn mepiodog péxpt v e€opdAvvon g ayopdg yloti:
T0 apyko KOoTOoG enetepyaciog npémet va givatl 6GO TO SLVATOV TLO LKPO

- 10 mopampoiovTa TPENEL va eppavilouv otabdepr TOOTNTO KO OLLOIOYEVELL

- OLTPATES YPNOELS TV TOPATPOIOVTI®V UTopel va glvan ToAD youning a&iog

- M amOTOUN TOAD UEYAAT TPOCPOPA UTOPEL VO KATAKPNUVIGEL TIG TIUEG

Eivai mpoavég 6tL ota Tpoidvta (e T0 HEYUADTEPO KOGTOG 1) TN LUEYAADTEPT) GTAVIOTNTA ElVaL
O OEKTIKN 1 EPAPUOYN TOV VOU®V TPOSPopac-Cnong kat tng dnuiovpyiog vEov ayopmv
v Bropmyavikd mapampoiovto (Anderson, 2006). Xtov kataokeLAGTIKO Topén TéEToo BEon
£YOuV 10 TPOIOVTO TOLUEVTOV KOl GKLPOSEUATOS, Omov €xel mapotnpndel kol n peyoivtepn
O1EICOVGN EVOAAUKTIKAV DAIK®V.

Ye kd0e mepimtwon, M meputépo emeepyacio VoG TOPATPOIOVTOS onpaivel emumAéov
KatavaAwmon evépyelag kot EkAvon CO,, omoTe TPEmEL va TponYeital 1 Yp1ON OVTIKEYUEVIKOV
gpyareiov, ommg N avaivon kdkiov Cong (life cycle assessment) kot n avdAvon k66TOVG-
opélovg (cost-benefit analysis), yio ™ cwot ektipnon 10V GLYOAKOD KOGTOLS Kot T Afym
omoPacEmV.

3 TO KOINQNIKO ITAAIZIO

3.1 Idwwtikn TpwtoPoviia

XTI TEPIGGOTEPEC YMPEG OMOL TOPATNPEITUL UEYAAO TOGOOTO 0EI0TOINGNG BropunyoviK®V
ToPATPOioVI®V 1 Sladkacio loaymyng Toug otny ayopd Pondndnke oto péyioto Padud amd
ovvtoviopéves mpoomdfeleg Tov WtV TopEa. Or mpoomdbeeg avtég Eekvoouv e TV
dpuon opyovicudV Yoo TNV TPOMONGTN TOV VAIK®OV amd TIS EVAOCES TMV CYETIKMV
Bounyavidv oe kabe yopa, eved TOAAEG (POPES CULUUETEXOLV Kol GAAOL Qopelg OTMG
EPELVNTIKG KEVTIPO (TMOVEMIOTNMOKA 1 WN) kol etoupeieg Owuyeiptong  Propmyovikdv
TapaTPoiovVIOY. Mia AMoTta TV ONUOVTIKOTEP®Y OPYOVICUMV GTOLG TOUEIG TNG MTAUEVNG
TEPPOG Kot NG oKkmpiag yaAvBovpyiag eaivetar otov Iivaxa 1.

3.2 O pOAOC TOV TAOTIKOV EPAPUOYDV

ZNUovTIKO pOAO Y10 TNV 0m0d0)N VE®V TPOIOVI®V amd TNV KOTOCKEVAOSTIKT Plopnyovia ival
N emideln g EPIKTOTNTOS TOV EPEVVNTIKAOV OMOTEAECUATOV GE £pyo, TO. OToio. cLVIOW®S
ovopalovtor mAOTIKEC €@appoyés. Ot TAOTIKEG EQOPUOYEC UTOPEL Vo TPOEPYOvVIOL o
WTIK Tp@ToPfoviio N pe ™ cLUPOAN TOL KPATOVS KOl EIVOL TETOLEG TOV UVOIEIKVOOLV TO
TAEOVEKTNLOTA OTO TN YPNOT| EVOALOKTIKOV DAIKAOV e TOV KAAVTEPO TPOTO.

>m ouvvépewn, PéPota, xpioyun onuocio éxel n avadeln TOV EPUPUOYDY, POAO TOL
avaAapfdavouy cuvinBmg KPaTIKE TPOYPAUOTE. XOPOKTNPIOTIKO TOPAdelylaTo TETOIV
npoypauudtov ivar to Green Building kot to Green Points, mov viobetiOnkov apyikd amd
Ti¢ HITA ko otn ovvéyeta amd ToAAEG AALEC YDPEC —cLUmEPAAPavOueVNg Katl TG EALGOaG



péom tov Kévrpov Avavewoiov Inyov Evépyelac— kor oxomd €xovv va avadeiEovv ktipla
KOl KOTOOKEVOGTIKG £PY0l GTO TVEDUA, TNG AELPOPOL AVATTUENG.

[Tivakag.1 Opyavicpol yio v tpo®non TV Blounyavik®dyv TopanpoiovimV

, Ieproym Kvpro "Etog , .
Ovopacio Spéonc TpOi6Y iBpvonc Kopla péin
NSA (National Slag HITA Tkopio 1918  XoaivPovpyieg, etarpeieg
Association) TMOANOTG, EPEVVNTIKG KEVTPAL

FVEhS (Trade Association I'eppovia Tropia 1935 XaivPovpyieg
for Iron and Steel Slags)
ACAA (American Coal Ash HITA Intduevn 1968 Tlopaywyoi evépyelag

Association) TEQPA

Nippon Slag Association Toovia Yxopio 1978  XaivPovpyieg

EPRI (Electric Power HITA Intépevn 1979  Topoywyoi evépyelag

Research Institute) TEPPQ

SCA (Slag Cement HITA Yxopio 1986  Towevtoflounyovieg

Association)

ECOBA (European Coal Evpodmn Intéipevn 1990 TIMopoaywyoi evépyelag

Combustion Products TEQPA

Association)

ASA (Australasian Slag Avotpokia,  Zkopio 1990  XoaivBovpyieg,

Association) Qkeavia TolevToPlounyovieg

ADAA (Ash Development Avotporioa  Imtduevn 1991 Tlopaywyoi evépyetag,

Association of Australia) TEQPOL ToEVTOBLopuNYaVieg

UKQAA (United Kingdom Meydain Intéipevn 1997 Topoywyoi evépyelag,

Quality Ash Association) Bpetavia TEQPa ToEVTOPLopNyOViES

Euroslag Evponaikny  Zxopia 2000 XaAvPovpyieg ko eTonpeieg
‘Evoon dweipiong Topampoidvimv

EBIITAP (Etoupeio 'Epevvog EAGSa Intauevn 2002  XaAvPovpyieg,

Avamruéne Epoppoydov TEQPQ, Toevtoflopnyovies,

Biopnyoavikov oxopio EPELVNTIKA KEVTPOL

[Mopampoidvtwv)

4 TO KANONIZTIKO ITAAIZIO KAI TEXNIKEZ ITPOAIAT'PAPEYE KAI OAHI'IEX

To «xavoviotikd mhaiclo mov kabopiler Tov TPOMO AEITOLPYIOG TNG KOUTOGKEVOGTIKNG
Brounyaviog Owokpivetor oe téooepa eMIMEdN: TOLG VOHOLS TOV KPATOVS, TIG KOWOTIKES
oomyiec, TIC TEXVIKEG TPOSLOYPOUPES Kat TIC TEYVIKEC odnyiec. H kpatikn vouobesio €yel
UEYOADTEPN VOMIKY 10Y0, €V Ol KOWOTIKEG 0dnyieg &yxovv ocuvhboc ovpfovievtikd
yopoktnpa. Ot TeEYVIKEG TPOSOYPOUPES AVTITPOGMTEDOVY TNV TPOTLM YPNON VAIKOV Kot
TPOKTIKOV OTI KOTOOKEVEG KOl £(0VV OECUEVTIKO YOPOKTNPO, EVAO Ol TEXVIKEG 0dNYyieg
TaPEYOVY TANPOPOPIES Y10, TNV CVTIUETOTION TPUKTIKOV TPOPANUATOV TNV EQAPUOYN VEDV
TEYVOLOYLDV.

To 1elkd oTdd10 Yoo TV KOOEPMON €VOG TAPUTPOIOVTOS GTNV ayopd TEPLOUPAVEL TNV
£KO00T TPOJLOYPUPDOV KOl TEYVIKOV 0ONYIDV Y10 TNV EQapUoYN Tov. XN Meydin Bpetavia n
TPMTN TPOSYPOPEN Yo TN YPNON TNG WMTAUEVNG TEQPAG G adpovéG oto okupddepa (BS
3892) gppaviletar to 1965, eved 1o 1982 tpomomoteital yio vo, cuUTEPIAGPEL KO TN ¥PNON TNG
¢ ovvdetikn kovio (McCarthy & Dhir, 1999). To avtictoryo gvpomaikd mpdTLIO TibeTaL GF
oo to 1995 (EN 450).

Kdamoteg amd Tig onUavTiKOTEPEG GE GYECT LE TN YPNOT IMTAUEVOV TEPPADV KOl EVOALUKTIKMV
KOVIOV 0T0 oKvpddepa elvat:



- EAOT EN 450: Intauevn téppa yio okopddepa — Mépog 1 & 2 (2005)

- EAOT EN 451: MéBodog dokiung irtduevng t€ppag — Mépog 1 & 2 (2004)

- EAOT EN 14227-2: Miypota katepyacpévo e vdpavikés kovieg - [podwaypapés -
Mépog 2: Miyuata katepyoacuévo pe okmpieg (2005)

- EAOT EN 14227-3: Miypoto Katepyacuévo pe vdpaviikég kovieg - I[podiaypapés -
Mépog 3: Miypata katepyacpéva pe mrdpevn éepa (2005)

- EAOT EN 15167: Aswotpifnuévn Kokkomomuévn okmpio, VYIKApivoy yio ypNion o€
oKLPOdEUa, Kovidpata kot gvépata — Mépog 1 & 2 (2007)

- ASTM C 311: Sampling and Testing Fly Ash or Natural Pozzolans for Use in Portland-
Cement Concrete (2002)

- ASTM C 593: Fly Ash and Other Pozzolans for Use With Lime (1995)

- ASTM C 618: Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in
Concrete (2008)

- ASTM C 989: Standard Specification for Slag Cement for Use in Concrete and Mortars
(2009)

- ASTM D 5759: Standard Guide for Characterization of Coal Fly Ash and Clean Coal
Combustion Fly Ash for Potential Uses (1995)

- BS 3892: Pulverized-fuel ash. Specification for pulverized-fuel ash for use with
Portland cement (1997)

Emiong, kdmolo omd To. ONUAVTIKOTEPO TPOTLTA Y10, TN ¥PNON AdpovdV oKmpiog gival Ta
TOPOKATO:
- EAOT EN 12620: Adpavn yio okupddepa (2008)
- EAOT EN 13043: Adpavi] 0GQUATOUIYUATOV KOl ETIQPAVEINKDY EMICTPOCEDY 00DV,
aepodpopiov kol GAA®V TEPLoYdV KukKAopopiag oynudtwov (2002)
- ASTM D 4792: Potential Expansion of Aggregates from Hydration Reactions (2000)
- ASTM D 5106: Standard Specification for Steel Slag Aggregates for Bituminous
Paving Mixtures (2008)
- BS 1047: Air-cooled blastfurnace slag for use in construction (1983)
- JIS A5011: Slag Aggregate for Concrete (2003)
- JIS A5015: Iron and Steel Slag for Road Construction (2008)

5 IIIAOTIKH E®APMOI'H ZXTHN KATAXKEYH OAOXTPQOMATOX AIIO
YKYPOAEMA

Me Bdaon to mopomdve ded0UEVE TOPACKEVAGTIKAY apYIKe pYOTAEIOKE KOl GTN GUVEXELL
UETAPEPONKAY O TIAOTIKY) €QUPUOYN] OCLVOECELS GKLPOOEUNTOG HE UEYOAO TOGOOTO
Bounyavikdv mapampoioviewv. H miotikn epoppoyq emiéytnke va yiver oe Pondntikd
opopo oto Kaooavdpvd Xorkidikng mov e&umnpetel v npodcfoct o€ epyosTdolo TOLOV
OKVPOOEUNTOG KOL 1 OVTOYN TOL OKLPOdEUATOg eAEyyOnke oe kufikd dokipo To omoin
cuvtnpnOnkav KotdAAnia yuo 28 nuépec. o v Topaymyn t@v cuvBécewmv ypeldotnike va
ANeBodv péTpa mG TPOG TNV KOKKOUETPIKN Staffabuion katl to Adyo vepol TPog Kovia, MOTE
va. AneBovv vdyn ot WiatepdtnTeg TV Prounyovikdv mopaxpoidvtov. Eniong, 1dwaitepn
onpacio giyov ot dokipacTtikég cuvhioelg oto gpyotdélo mate va damiotmbel 1 dvvatodTnTo
EPUPHOYNG TOV CLVOECEDY GE TPAYLLOTIKT KAMULOKOL.

Mo ovykekpipéva, oTIC OOKIUAOTIKEC GUVOEGEIC ypnolwomomdnKay adpavi] GKmPINg
yoAvBovpyiag 610 cHVOAO 1 OTO UEYUADTEPO WHEPOC TOV OOPOVAOV TOL GKLPOOEUATOG KOt
wmrapevn T€epo. o€ 060010 £¢ 60% Tov GUVOLOL TG Koviag. Ot avaroyieg cuvBeonc kat ot
UNYOVIKES OVTOYEG TOGO TV SOKILOCTIKOV GUVOEGEDV OGO Kol TV GLVOEGEDY TNC TAOTIKNG
epapuoyng eaivovror otov Iivaka 2.



MMivaxag 2. Avaioyieg ouvBeomng Kot 1G10TNTEG VOTOD GKLPOSEUATOC

Yovbeon 1" 2"
Ykd (Ileptektikotnta) (kg/m?) (kg/m®)
Towévro CEM 142,5 140 112
Katepyaopévn wmrapevn téepa 140 168
Appog motopov A&ov 0-4mm 645 -
Appog oxkmpiog 0-4mm - 879
Adpavn okmpiog 4-16mm 615 628
Adpavn okmpiog 16-31,5mm 1034 1005
Nepod 88,4 92,6
Pgvotomommc (2% x.B. g xoviog) 2,8 2,8
[316tTEG voomov piypoatog

Epyaoipotnta (kadbiom) (cm) 1,0 0,5
AOY0g vepoD TTPOg Kovia 0,63 0,66
Govodpevn mokvotnta vorod (kg/m3) 2757 2983
Ol avToy KuPikod doKIiov dOKILAGTIKNG 274 306
ovvOeong 28 nuepmv (MPa) (u.o. 8 doxiuicov) ' '
Otk avToy” KLPkoD dokiiov cOvOeEoNG TIAOTIKNG 315 403

gpappoyns 28 nuepmv (MPa) (p.o. 8 dokipinv)

Amd T0 AmOTEAEGHOTO QOIVETAL OTL GTIV TPAYUOTIKY KAIUOKO ETITUYYXOVOVTOL KOADTEPES
avVTOYEC, KATL TOL OmodideTonl TNV KOALTEPN avauEn Kot emitevén OOIOYEVELNS TOV
uiypoatog. Emiong, n 2" obvBeon, pe peyoldtepn meplektikdTnta 68 nopampoiovia, Toporo
OV AMALTOVGE HEYOADTEPY TPOGOYN KATO TNV EMIAOYN TOV OVOAOYIAOV OVAENG KO GTNV
TMEPIEKTIKOTNTO GE VEPOD, £OMGE TEMKE UEYOADTEPEC TIUEG OVTOYNG, PTAVOVTOG TNV KaTnyopia
C25/30. To onuavtikdtepo otorgeio, Opme, givar 6Tt pe avtiv T obvBeon emttvyydveral
péylotn ypnotponoinon Popnyavikedv moapampoidvtov (92,8%), Onmwg @oivetol Kot oTo
Awdypappo 1, kot TopackevdleTol £va OIKOVOIKO GOTAO GKLUPOSEUE, KOTAAANAO Yo Sameda

KOl GUVOQELG EQAPLOYEGS, LE IKOVOTOUTIKEG OVTOYEG.

uttapevn tEdpa
5,8%

pevctOnoNTS
0,1%

Awypappo 1. Avaroyieg obvBeong k.. okvpodENaTog TIAOTIKNG EQUPUOYNAG LE UEYIOTN

¥XPNON PLOUNYAVIKOV TOPATPOIOVTOV



6 XYMIIEPAXMATA

Amd T peréTn TV Tapandve oTolyelmV TPOKHTTEL OTL, TAPOAO TOL OTOLTEL TPOTOTOINGN TNG
peAétng ovvlheomng, M texvoroyio Yoo TV a&lomoinon peYOA®V TOGOTHTOV PLOpnyoviKdv
TOPOTPOIOVIOV UEGO Omd  €QUPUOYEG VYMANG mpooTiféuevng o&iog, Omwg T0  GomAo
oKvpOdepa Yo dameda Kol odootpdpata eivar dabéoun kot pmopel va dMGEL TOAD KOAAL
amoteAéopata amd TEYVIKY, OIKOVOUIKT Kol TEPPOALOVTIKT AmoyT).

Emumpdcbeta, Somiotdveton 6Tl gival duvath 1 0AAayn TOL TPOTOV OV AEITOVPYEL 1 ayopd
KO 1] E160YOYT TOV BLOUNXovVIKOV Toparpoidviov g auT HECH!

- KoAig yvdong Tov 1010TnTev Tov DAIKOD

- KoatebBvvong og KatdAANAEC EQUPLOYES HECHD EPEVVITIKMOV TPOYPOUUUATOV

- Eopoppoyng tav evpnudtmv g €pEuvag o€ TIAOTIKEG EQAPUOYES

- Xvvaiveong Tov Bropnyavikod KAGO0L Yio KON Tpo®ON o TOV Teparpoiovimy

- Tapoyng kvnTpov yia T ¥pNoT EVOALUKTIKOV VMKOV LEGH KPUTIKMOV TPOYPUUUATOY

- Ofomiong TPOodYPAPOY KOL TEXVIKMOV 00T YLDV Y10, TNV KATAAANAT Yp1ON TOV VAIKOV
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A&lomoinom oty odomotior HelYUOTOS AYVITIKNAG ITTAUEVNG TEPPOG
KOl OPYOVIKOD PUTTOVTY)
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Epyaotipio Avopyovys kou Avalvtixns Xnueiog, Zyoln Xnuurxov Myyovikov EMII, 15773
Zwypapov ABnva

2. Korhaog
2ol Iolitikadv Myyovikarv EMIT

Aéeig heroid: wmtauevn téepa Ayvitn, tetpehatokniida, odomotia, otabeponoinom edapovg

HNEPIAHYH: H mopovco gpyacio mpaypoatevetar ™ dvvatdtra a&lomoinong e WmTaUevNS
TEQPPOC AlyviTn otV TPOCPOPNOT TETPEAAIOV KO, GTI GUVEXELDL TOL TPOKVTTOVIOG WEIYUATOG
IMTAUEVNC TEQPAG-TIETPEANIOVL GTNV 000TOTli0. ZVYKEKPIUEVO, UEAETATOL 1 TTPOGONKN TITAUEVNC
TEQPPOC 0€ TETPEAUIOKNAIDE, TOGO MG £)El, OGO KOl UETE OO KOTEPYOGIO LE TACLEVEPYO 0LGia,
€AOTKO vATplo, KaOMC Kol 0 POAOC TV GLOTUTIKMV TNg otV mpocpoenot. E&etaletatl n tehikn
SuVaTOTNTO EQPOPUOYNG TV TPOKVITOVIOV UEYUOATOV WWTAUEVNG TEQPPOG-TETPELOIOV GTNV
otabepomnoinon apyilddovg edapovg. H mpoctnkn peryudtov mrauevnsg téppog-neTpelaiov 6€
APYILMOES £601POC 6€ T0G00TO 3-20% K.J. 0dNyel 68 PEATIOON TOV UNYOVIKOV OVTOYDV TOV, KAODC
KOl TOV TAGCTIKOV TOL 1O10THTOV, KLPIMG OGNV TEPITTOOT TNG IMTAUEVNG TEQPAG LYNMANG
mePlEKTIKOTNTOG o€ Ca.

Application of lignite fly ash-organic waste mixture in road
construction

Karakasi O.K., Moutsatsou A., Giannakeas N.

Laboratory of Inorganic and Analytical Chemistry, School of Chemical Engineering NTUA, 15773
Athens

Kollias S.
School of Civil Engineering NTUA

Key words: lignite fly ash, oil spill, road construction, soil stabilisation

MEPIAHYH: The present study deals with the possibility of application of lignite fly ash in oil
sorption and, furthermore, the application of the resulting fly ash-oil mixture in road construction.
In particular, the addition of fly ash, without any treatment or after treatment with a surface active
agent, and particularly sodium oleate, to oil spill, the role of its components to the sorption process
and the possibility of application of the resulting fly ash-oil mixtures in clay soil stabilisation is
investigated. The addition of fly ash-oil mixtures to clay soil in a mass ratio 3-20% results in
amelioration of its strength and plastic behaviour, mainly in case of high Ca fly ash.



1 EIZAI'QI'H

H wmrapevn téppa Aryvitn anoteiel to KOpLo mapampoidv tng Kodong Atyvitr, oty omoia Pacileton
Kotd 59% m mapayoyn niektpikng evépyesiag oty EAldda (EURACOAL, 2008). H emiouwn
Tapoy®yn g avépyetor tepimov oe 11 Mt, eved alomoteiton poMg to 10% kar, poiota, ot
Bropnyavia towévrov. H mrdpevn téppa teivel va Bewpeitoan mAéov mg evepyelokd avafabucpévo
Bropnyovikd mapampoiov, mapd g amdPAnTo, AOY® TV eEUPETIKOV WOWOTNTOV NG, ONMG Ot
ToLoAAVIKEG 1] KOl VOPAVAIKES 1O1OTNTEG, TO HKPO €O01KO PApog, 1 VIPOPOPIKOTNTA TNS, TO KPS
péyebog kdkkmv, To mopmdec. IToAhég pedéteg Exovv yivel yia ) dedhpuvon Tov TedIoV EPAPUOYNG
TOV EAANVIKOV WITOUEVOVY TEPPDV, TEPAV TNG Prounyaviag Toévtov.

Yvuykekpéva, €yel e€etacBel n epapuoyn tovg oty odomotict Kot HAAMOTO, GTNV KOTAGKELN
vroPaoewv Kol PAoemv 0800TPOUATOV, ETYYOUATOV, Kot TN otabepomoinon edapnv (Koilag
1975, Kollias et al. 2005). H mpocOHfkn urtapevng t€ppog o€ apythddeg £30pog ETLPEPEL PeimoN
oV oplov VOUPOTNTAG KOl AVENGT] TOV OploL TANCTIKOTNTAG KOl, GUVERMG, Lelmon Tov dgikt
TAOCTIKOTNTAG, avENON TG PEATIOTNG VYpaciog cCUUTHKVOGCNG Kot peimon Tov peyiotov Enpov
QaVoLEVOL PBApovg, avEnon g avToyng o€ avepmodioto (Lovoaovikr|) OAiym, avénon tov deiktn
eepovong wavotntog CBR (California Bearing Ratio) (Ttokog 2000). MeAéteg £xovv yivel kat yia
mv a&lomoinon 1oV EAANVIKOV WTopévev TePp®mv otn obvleon vAkov, onwg Ceolibov
(Kantiranis et al. 2006), yeomoivuepwv (Panias et al. 2007), vdlov Kol LOAOKEPULUK®DV
(Moutsatsou et al. 2001). Eriong, éxet peketndei n €pappoyn 1ov EMANVIKOV IMTAUEVOV TEQPDOV
otV mpocpoenon opyavikodv (Albanis et al. 1998) kot avopyavev pdrmv (Komnitsas et al. 2004)
amo AOHOTA.

H epyooio avtr anockonel otn pedétn g dvvatodttag adlonoinong g ImTdpevng T€epag oTny
TPOoPOPNOT TETPELAiOD, TOGO MG £xEL, OGO Kol LETH TNV KATEPYAGIO TNG UE TAGIEVEPYO 0VGIa, 1
omoio amockonel otn Pertimon Tov VIPOPOPov yapakTipa TS. L2g Tacievepydg ovaia eEetdleTal,
T0 €\ikd vaTplo, 10 omoio Ppiokel gvpeio epapuoyn oy enimigvon opvktmv (Li 2004), &yl
YOUNAO K6oTOC Ko Proamowkodopeitor mAnpws. Ev cvveyeia, e&etdleton n duvatdtnta epopproyng
TOV TPOKLATOVIOV HEYUATOV IMTAUEVNG TEQPPUC-TETPEAaiov Katd TNV TpocsHhkn g o€
TETPEAAOKNALSQ, TPV N HETA TNV KOTEPYOoia TNG HE €ANIKO vdtplo, otn otabepomoinom
APYIAMOOVG E6GPOVG, LLE ATMTEPO GTOYO TNV EPAPLOYN TOLG GTIV 0JOTOLIA.

2 YAIKA KAl ME®GOAOAOI'TA

2.1 Aetyuara imtauevng t€ppag

E&etdoOnkov dvo tomol wmrdpevne téeppag, ITAA kot ITM, mpogpyduevol aviiotoiywe amd Tovg
AHY Ayiov Anuntpiov xor MeyodomoAng, ot omoiol SlpEPOVY MG TPOC TN YNHIKA Kot
OPLKTOAOYIKY TOVG cVoTaoT. [ Tov TANPN XOPaKTPIGHO Tovg £yve mpocadioptopds pH (1ISO
6588), CI" (EN 196-21), sidiko0 Bapovg (ASTM C 642-90), xatavounrg ueyébovg kokkwv (DIN
4188), evd N perétn g doung Tovg éyve pe avdivon pe nepibiaon axtivav X (XRD, Siemens D-
500), Oeppopapvpetpucti avélvon (TGA, Mettler TGA/STDA 851°) kat nhextpoviki| prkpookornia
obpwong (SEM, FEI Quanta 200 SEM) kot 0 mpocsdlopiopdg Tov TopmOoLS Kol TNng £101KNAG
gmeoaveiog Tovg ue mopoouetpio. No (NOVA 2200e, 21CFR Part 11 Complient Version 9.02).

Ytov ITivaxa 1 didetar n ynuikn cvotacn Tev derypdtov téppoc. Kot ot 600 téeppeg aviikovy otnv
koatnyopia C kotd ASTM C 618 kou 1 uev ITAA eivar mhovoia og Ca, n 6 ITM mhodoia og Si.
Kopreg opuktoroyiké pdoeic g ITAA, 6mwg paivetan kot ota dwypappate XRD (Zy. 1), eivar o
yoraliog (Si0z), n doPeotog (Ca0), o avvdpitng (CaS0O,), o acPeotitng (CaCOs), 0 ykehevitng



(CaAlLLSiO;), 0 ywopovdivng (CaAl,Si,0g:4H,0)), evad kOpieg @doeg g ITM o yaAaliag, o
avvdpitng, o aipitng ((Na,Ca)Al(Si,Al)30g) kar o Aapmpadopitng ((Ca,Na)(Al,Si),O0s).

[Mivaxog 1. Xnuikn c06TooN JEYULOTOV ITTAUEVNS TEPPOC

% K.B. ITAA IT™M
SiO, 29.73 51.26
AlL,O; 13.90 19.39
Fe,0; 6.49 8.44
CaO 34.13 11.82
CaO; 7.68 0.95
MgO 3.56 2.27
SO, 5.13 2.91
Na,O 1.12 0.53
K,O 0.68 1.81
L.O.1. 4.03 1.67

2.2  Kozepyaoio ITTOUEVHS TEPPOS UE EAQIKO VATPIO

To glaikd vatpro, SO (Ci7H33COONa), eivor avtidpaoctiplo ynukng xabapdmrog thg BDH. H
Katepyooio tng mrhpevng tEepog pe o SO éhafe ydpa evtog vdatikod dwwivuatog SO, ot k..
avoroyio té@pag/SO 1:0.004 kot avoroyio dtodlvporog/tmtduevng t€epag SmL/g, vd avddevon
otovg 25 °C eni 1h, cuvOfkec ot onoieg mpoékvyoy mg PEATIOTEC HET 0md GEPE TEWPOUUATMV.

2.3 IlpocOnkn 1o uevng téppog oe metpedaioknAioa

Mo ™ pedétn g copmePIPOPAS TNG MTTAUEVNS TEPPUC, TOCO MG £XEL, OGO KOl LETE TNV KATEPYOTIOL
g ue SO, éyve mpocopoinomn metperatokniidag wayovg 0.5mm pe tpocsbnkn 2mL wetpehaiov oe
150mL Ooiacciov Héatog, mapackevacHiviog katd ASTM D 1141-90. Xpnouomombnkay tpeig
TOTOL TTETPEAAION, PE OKOTMO TNV KAALYT TOV QACHATOS TV B0A0coiOV HETOPOPOV: TETPEANLO
0épuavong (HO, heating oil), ehappd metpérato kbkiov mopoivong (LCO, light cycle oil) kon
1poaviko ehaepd apyd netpéhato (ILCO, Iranian light crude oil). Ztov ITivaka 2 6idovtal ta uoikd
YOPOKTNPLOTIKA TV meTpelaimv. [a v mpoopoenor g TetperaloknAidac £yve mpocinkn 1g
MTAUEVNC TEPPUS, GVAAOYY TOV UEIYHOTOC TETPEAioV-TEPPOG HETE amd 4 MUEPES, e OKOTO TNV
enitevén OULVEKTIKOTEPNC MUIOTEPEAS PAONG, Kol TPOGOIOPIGUOE TOV TLYOV KatafvOilopévou
VAoV, O mPOGOOPIGUOS TS TPOCPOPNTIKNG KAVOTNTOS TNG WMTOUEVNG TEQPOS OC TPOC TO
neTpElato £yve gv Enpa, katd ASTM F 726-06.

ITivaxag 2. Id16tteg netperaiov Bépuavong (HO), ehappod etpelaion kbkiov tupdivong (LCO)
Kot povikod glaepod apyov tetpeiaiov (ILCO)

Tlapduetpog HO LCO ILCO
mokvoma (g/em®) (20°C) (ASTM D 1298) 0.8203 0.8160 0.8656
Kvnuatied EOSeg (¢St) (20°C) (ASTM D 445)  3.27 4.70 13.84

neplektikotnta o€ S (% x.p.) 0.16 2.05 1.93




2.4 XraBspomoinen opyiimoong E06PONES UE UEIYIOTO ITTCUEVIS TEPPOG-TETPEAAIOD

Ta yopoaktnpiotikd tov g&eTacBéviog apyilmdovg €ddpovg mapovoidlovtol otov Ilivaxa 3.
SVYKEKPIUEVA, O TPOGIOPIGUOC TG KaTavoung peyébovg kokkmv éyve katd AASHTO T 11-77-I,
Tov opiov vdapodmrTog (LL, liquid limit) katd AASHTO T 89-761, tov opiov mhactikdétntag (PL,
plastic limit) ko1 tov deiktn mhacticotnrag (Pl, plasticity index) xaté AASHTO T 90-70, g
vypaciog (W) katd AASHTO T 239-761 (ASTM D 3017-72), g PEATioTng vypaciog (Wepr) Kot
TOL peYioTov ENPov ovopEvoL Bapovg (Vg max) Kotd AASHTO T 99-74.

[Tivakog 3. [016tTeg apyhddovg e6Gpovg

[Mopdustpoc ‘Edapoc
Aentdkokko kKAGoua (< 0.075mm) (%) 77.0

LL (% «.B.) 32.0

PL (% x.B.) 225

Pl (% x.p.) 9.5

w (% x.B.) 14.8
Wopt (% k..) 16.6

Yo max (kg/m®) 1849
katatatn katd AASHTO A-7-6

Mo v epapuoyn TOV HEWYUATOV TTAUEVNG TEQPAG-TETPEACiOL oTn otabepomoinon Tov
APYILDOOVG E6APOVE, TO TEWPAUATA TPOGOUOIMONG TETPEAUIOKNAISOC d1eényOnoay o peyorvtepn
KMpOKa, JE OKOTO TNV Topay®YN| UEYOALTEP®V TOcoTNT®V. Eywve avaueiln tov perypdtov
MTAUEVC TEPPAG-TETPEAALIOV LE TO APYIAMDOES £d0:POg o€ TocooTd 3 kat 20% «.B. kKo akolovOnoe
TAKTOON eVTOC KLAWIPIKGOV oKy dtapétpov Scm kot Vyovg 10cm. Ta pev dokipo og
10600To avapelEns 3% «.p. mapéusvav oe ydpo Kekopespuévo vypaoiog (95%) ent 7, 60 kou 90
nuépeg, To de doxipa oe Tocootd avapeEng 20% «.p. mapéuewvav el 90 nuépec. Xtn cvvéyeia,
£YIve TPOGOIOPIGUOC TNG AVTOYXNG O€ aveUndO1eTo OAIYT, TOV 0ploL VIAPOTNTOC KAl TAUGTIKOTNTOGC
K0l TOV O&IKTN TANGTIKOTNTOG.

3 XYZHTHZH AIIOTEAEEMATQN

3.1 Joumeprpopd imtousvng TEQPAS, TPV KOI UETC. TV KOTEPYAOLO. TNG UE EAGIKO VATPL0, KOTA THV
poobikn s o metpedarokniioa

H ovumepipopd g mrdpevng téepag Atyvitn Katd v tpoctnkmn tng o€ meTpedatoknAida givon
gvBappuvTiky. Metd v mipodo mepinov 4 nuepmdv amd TV Tpoctnkn e, oxnuotilel nuoteped
@acn pe 1o meTpéAalo. XNV mepintoon tov 1Ewdeotépov metpelaiov, LCO kot ILCO, n
oynuatilopevn NUICTEPER PAON €lval OPKETO GUVEKTIKY, OGTE VO EMITPENEL TNV GYEOOV TANPN
amopdkpouvorn tov metpelaiov. H ovykpdnon, Oumc, Tng WTAPEVNC TEQPPOS OTN OEMUPAVELL
netpelaiov-0d0toc ivar gvaictntn oe kabe xivnon g, ue amotélecpa Vv katafvOion eite
KOKK®V ITTAUEVNG TEQPAS, otnV mepintmon g ITAA, gite xan peiypatog téppag-netperaion, otnv
nepintoon g ITM. H vyniotepng mepiektikdmroag oe Ca ITAA eupavifer peyolvtepn
TPOCPOPNTIKN TKAVOTNTA GE GYECT UE OVLTN NG YoaunAotepng mepiektikdémrag o Ca ITM.
TUYKEKPLUEVA, ) TPOGPOPNTIKY kavoTnTe TG ITAA gv Enpd petd and 24h kouaivetar peta&d 0.7



yw 10 ILCO éw¢ 0.99 metperaiov/g téppag yuo o HO, evdy g ITM peta&d 0.5 wor 0.69
neTpelaiov/g TEppag.

H onuavtiki d@opd ot GLOUmEPIPOPE TV 000 TEPP®V KOTO TNV TPocHnkn Tovg o€
netpehatoknAida dev Ba pmopovoe va amodobel obte 6TO0 TOPMIES TOVS, APOV OV TOPATNPEiTAL
ONUOVTIKY Sopopomoinot HETOED TV dV0 TePPOV (E01KN EMUPAVELL 3.8-4.1m%(g, dlapeTpog
nopov 158-165A, dykog mopwv 0.016m/g), ovte 610 £181K6 TOVS Papoc, apod 1 ITM (2.5g/cm?)
glvon kotd T ehappotepn g ITAA (2.8g/cm®). H xaldtepn ovumepipopd g ITAA kotd v
TPocONKN NG o€ TETpeAokNAlda Ba prmopovce va anodobel oty LYNAN TEPIEKTIKOTNTA TNG GE
elevbépa dofecto Caly, m omoio givor vedbBvvn Yo TIG VOIPAVAIKES TNG 1O1OTNTEG, Ol OTOiES
001 YOOV GTNV JOYKWOOT TG TAPOLGio VOATOG, EMTPENOVTAS TOUVAS TNV KOADTEPN CUVAPELL TNG
TPOG TO METPEAOLO. ZTNV KOADTEPT), OUWOC, GUUTEPLPOPA TNG (OIVETOL VO GUVEIGQEPEL KOL 1)
VyMAGTEPN mEPLEKTIKOTNTG ™G o dkovoto C (L.O.l1), armoyn n omoia evicyvetonl kot omd TO
veyovog, 6t n ITAA eppavilel peyaddtepn mTPOGPOPNTIKY IKUVOTNTO MG TPOS TO TETPEANLO EV
Enpod.

H ocvumepipopd g wmtduevng t€epag KOT@ TV TpocHnkn g o€ meTpeAioknAide KobioTtd
amopaitntn T PeAtioon g wavotntog emimievong e H vdpobepuikn g xotepyoacio pe
TOOEVEPYO 0VGia, TO EAiKO vaTplo (SO), cvuPdret ot Bedtioon Thg GLUTEPIPOPAG TG,

Yvuykekpyéva, omv mepintowon ¢ ITAA, odnyel otov OYNUOTIOUO TOAD GUVEKTIKOTEPNG
NWoTEPENS PAONG UE TO METPEAOLO, 1| OTOLOL EMTPEMEL TNV WANPY OTOUAKPLUVOT TOV, EVD OEV
mapoTnpeitar katofobion Téepag. Av Kot 1 €101KY| ETPAVELN TNG TEQPAS, LETE TNV KATEPYAGIA TNG
ue SO, duthactaletat (9.0m%/g) ko 0 6yKoS Tmv TOpmY TN oYeddv Tetpamhactdleron (0.057m/g),
dgv TaPOTNPEITAL GNUAVTIKT aOENGN TNG TPOGPOPNTIKNG TNS IKAVOTNTOG MG TPOG TO TETPELULO, TO
omoio Ba pmopovce va amodobel oe un emopkn SlEHPLVON TOV TOPWV, OGTE Vo, givol dvvati
TPOCPOPNOT G€ AVTONE TOV UEYOLOL UeYEBoLE popimv Tov TeTpelaiov.

Avtifétog, n katepyacio e ITM pe SO oe k.. avaroyio 1:0.004 dev odnyel oe aicnty
Bektioon G KovVOTNTOG EMIMAEVONG TNG KO GYNUOTICUO GUVEKTIKNG MUIOTEPERS GAONG UE TO
netpéhato. Beltiomon g ocvumepieopdc ¢ Katd TV mPOcONKN NG o€ TMETPEANIOKNAION
emTuyydveTal 6€ TOAD peyodvtepn avaioyio: 1:0.5 k..

Kobopiotikng onuociog yw v  omOTEAECUATIKOTTO NG VOPOOEPUIKNG KaTePYaoiag Tng
mrapevng t€epag pe SO gaivetar va eivar kot A 1 weplextikottd g o€ CaOr Onwg givan
eupavég and ta dwypappata XRD (Zy. 1), oty nepintwon g ITAA napatnpeiton petaTpomnn g
@aomng ¢ acPéotov (Ca0) oe acPeotitn (CaCOz) ko ghaikd acPéotio ((Ci7H33CO0),Ca), 10
omoio oynuatiCetor 1o omd v avaroyia téEpacg/SO 1:0.004, aldd oe peyordtepo Pabuod
oynuotifeton oe peyoAdtepeg avaroyieg (1:0.5). Avubétog, oty mepimtwon g 1TM,
TOPOTNPEITAL CYNUOTICHOG ELNIKOV acPeotiov povo oe peyddn ovoroyia (1:0.5). X edon tov
g\laiikod aoPeotiov, T0 0moio SlabéTel LeYGAOD UKOVG OPYAVIKO TUNALA, OTOTE Kot £XEL LEYOADTEPT
oVLYYEVELD TTPOG TO TETPEAALO, Bo pumopovoe va amodobel 1 PBeltimon g cvumEPLPOPEs NG
MTAPEVNG TEPPOG KATA TNV TPOSHNKN NG 6€ TETPEAAOKNAISA.

3.2 Zrabepomoinon apyiAndong e56povg Ue LEIYLOTO TETPEAQIOD-ITTGUEVHS TEPPOS

210 Zynua 2 eaivetor 1 LETABoAn Tov OeikTn TAACTIKOTNTAS, KOOMG Kol 1) ovTo)| G& OVEUTOIIGTO
OAly”N TOL CPYIL®IOVG £0GPOVG, HeTd amo 7, 60 kot 90 NUEPEC TAPAUOVIG G YDPO KEKOPEGUEVO
VYpOoiag, LETA TNV TPOGOHNKN HEYUATOV TETPEAAIOV-TEPPOS GE T0G00TO 3% K.[3.
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Zymua 1. Awypappato XRD wmtapévav teppodv ITAA ko ITM, mpv kon petd v katepyocio
tovg pe SO og d1apopec avaroyieg

H petoPor tov opimv v30pdTTOG KOl TAACTIKOTNTOG KOl TOL OEIKTN TAACTIKOTNTOG E£ivor
oo pévo oty mepintwon g ITAA, npwv v katepyacia g pe SO. Av kot apyikd, PHETA amd
7 nuépeg, mapartnpeitor ovénon tov deiktn TAACTIKOTNTOG, TeMKE, petd amd 90 muépec,
gmtuyydvetar peimon tov katd 10-28%, 10 omoio amoteAel €vOElEn UeI®ONG TS TAAGTIKOTNTOG
oV £3A4POVG, 1 omoia gtvarl emBounty Yo T otabdepomoinct Tov.

Y& OMEC TIG TEPUTTMGEIC UEIYUATOV TEPPUG-TETPEANIOD KOl GE OAOVE TOVG YPOVOVG, TOPUTNPEITOL
avENoT NG AVTOYNG, O GYXECT UE VTN TOV £0GPOVC. MeYaADTEPES, OUMC, AVTOYEG EMLTLYYAVOVTIL
petd and 60 ko, Kupiwg, petd omd 90 NUEPES, AVAUEVOLEVO Y10 TNV WTTAUEVT] TEPPQ, TNG OTOiNG N
dpdon eivar Bpadeio. Tevikd, m emitvyyovouevn avtoyn ivar 1.6-2.6 @opég ueyodldtepn g
aPYIKNG avToXNg Tov €6apovg. Meyoddtepn avtoyn, OU®G, EMTLYXAVETOL GTNV TEPITTOON NG
ITAA, mpwv v Kotepyasio g pe SO, kot pdAioto oty mepintwon tov netperaiov HO.

H peyaidtepn Peitioon tov €ddpovg oty mepintmon g ITAA, | onoia amodekvoetat ap’ gvOg
amd TNV pelmon Tov OeiKTn TAAGTIKOTNTOC, 0P’ ETEPOV Al TN UEYOADTEPT avENON TNG AvTOYNG, Oa
puropovoe va amodobei otnv vynidtepn meplektikotntd g o CaOy, 1 omoia gvBvvetan yuo v
avamntuén avtoyov. H peyodvtepn emrvyyovouevn avioyn oty nepintoon tov HO Oo pmopotvoe
va amod0bel 610 yaunAd tov 1EmdEC, €€ artiog TOv 0moiov N TEPPO. EMKAAVTTETOL GE LKPOTEPO
Babuo, omote drevkorvvetar n dpaon g CaO:r Ev avtiBéoer mpog v ITAA, 1060 1 ITM, ¢
omoiag N weplektikotnto o€ CaOs givar yaunin, 6co kot 1 ITAA petd ™y katepyacio g pe SO,
g onoiog 1 eaomn g Cal &xel oxeddv TANPOS KaTOVIA®OEL, OTME PAIVETOL KOl GTO SLOYPALUOTO,
XRD (Zy. 1), cuppdrrovv ce pikpotepo Pabuo otn otabeponoinoen tov £54povg.

210 Zynua 3 eaivetor 1 petafoAn Tov OgikTn TAAGTIKOTNTAG, KOOMG KoL 1] EMLTVYXOVOUEVT] OVTOYT|
oe oveumodioto OAiym Tov apylh®Oovg £6aPovg, UeTd amd 90 MuUEpES TOPAUOVAG OE YMPO
KEKOPEGHEVO VYPACING, LETA TNV TPOoHNKN HelYUATOV TEPPUS-TETPEAioV 68 T0G0oTO 3 Ko 20%

K.B.

Ymv zmepintoon g ITAA, av kot oe mocootd mpocsHnkng 3% K.p. mopotnpeitar peioon tov
deiktn mlootikdtTag, o€ mocootd 20% k.f. mapotnpeiton avénon tov. Avibétmg, oty
nepintowon g ITM, kabamg kot g ITAA petd v katepyaoio g pe SO, mapatnpeiton peimon
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Yynuo 2. Agiktng mhactikotntag (Pl) ko avtoyn oe aveumodioto OAyn dokipiov apythddovg
€00.pOVG 6€ TOGOGTO TPOGHNKNG HEYUATOV TETPpEAAioV-ITTALEVEVY Te@paV (ITAA, Tpv Ko petd
v katepyacio pe SO, kot ITM) 3% «.B., petd omd 7, 60 ko 90 nuépeg mopapovig o€ YMPO
KEKOPEGLLEVO VYPACTOG
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Yynuo 3. Agiktng mhaotikotntag (Pl) ko avioyn og avepmodicto OAlyn dokipiov apythddovg
€0GPOVE G€ TOGOGTA TPOGHNKNG Helyndtov meTpedaiov-tntapévev teppov (ITAA, Tpwv kot petd
v Katepyacio pe SO, kot ITM) 3 kot 20% x.fB., petd and 90 muépeg mapapovig oe YmPo
KEKOPEGUEVO VYPOGTOG



Tov deiktn TAooTikdTTag 08 T0600To 20% K.B., Evd og m0c0ootd 3% K.p. Tapatnpeitor avéEnon
tov. 'evikd, M mpooOnkn acPéotov oe apylhddn edaen emeéper dArote peimon Tov delktn
TAOCTIKOTNTAG, KUPIWG o8 €3GQN HEYAANG TAXCTIKOTNTOG, KOl GAAOTE aO&Non Tov, Kupimg GE
€0G.(N HECTG N MKPNE TAUCTIKOTNTAG, Kl LOAMGTA 6€ DYNAO Toc00To Tpoctning (KoAAiag 1975).
Emopévog, n ovpmeprpopd g ITAA oe mocootd mpocHnkng 20% «.p. oto eEetacBév péong
TACTIKOTNTAG 0pYIA®OeS £6apog eényeital Pdoel g vymAng g meplektikdmrag o CaOr. H
peimon tov dgiktn mAaoTtikOTNToC, otV Tepintmon ¢ ITM kot g ITAA petd v Kotepyasio
g pe SO, og mocootd mpoohnkng 20% «.B. Oa pmopovoe, emiong, vo arodobeil otnv Caly, g
omoiag N TocoTTO awEdveTat 1060, dote va kabioToTon amotelecpatikiy 1 Opdon e,

H avénon tov mo60ot00 TpocHNKne HEYUATOV TETPEANION-TEPPAS GTO APYIAMOES £30(pOG OgV
EMPEPEL PEYOAVTEPT AWENGT GTNV AVTOYN TOV, OAAG GYedOV TNV avTn 1 LIKpoTEPT abENOT. AvTd
Ba pmopovce va amodobel oty dpdion Tov mETPELAion, N AVENCT TG GLYKEVTIPMGNG TOV OTOI0L
TPOKOAEL UEIMOT TNG TUKVOTNTOC TOL €JAQOVS KO, KATO GULVETELN, TNG QPUGIKNG ECMTEPIKNG
avtiotaong Tov og N (Koilwag 1975).

4 YYMIIEPAZMATA

* H ovureppopd g mrdipevng T€epag Ayvitn Katd v Tpochnkn g o€ meTpedatoknAion iva
evBappuvTiKy. Zynuotilel pe 1o TETPEANLIO NUGTEPEN PACN, N OTTOI0L EMTPETEL TNV EVKOAN KO
oYEOOV TANPY] GMOUAKPVUVGT TOVL TETPEAAiOL amd TNV emeavele Tov vdatog. Kabopiotikng
ONUOGILOG YL TV OMOTEAECUATIKOTNTA TNG QaiveTol vo lval 1 TeplekTikdTTa TG 68 CaOr Ko
dxavoto C. H mhovoio o CaOs kan dkovcto C t€ppa cuykpoTeiTon KOADTEPO GTNV EXPAVELQ,
oynuatilel GLVEKTIKOTEPT NUOTEPER PACOM Kol EXEL LEYOADTEPT TPOGPOPNTIKY TKOVOTNTO MG
TPOG TO TETPELOLO.

= H vopobepuikn xotepyosion ™G TEQPAG HE TAGIEVEPYO OLGIN, KOL GUYKEKPIUEVO, UE EAOTKO
vatplo, cuuPariel otn Pertioon e cuumEPLPOpag tG. OONYeEl o8 GYNUATIOUO GUVEKTIKOTEPTG
NWoTEPEAS GAOMG, T ONolo EMTPEMEL TNV TANPN OTOUAKPLVOY TOL TETPEAOIOV, YMPIC
katafvdon téepag. [Mapd tavta, dev emttvyydvetal aetnt avénon TG TPOSPOPNTIKAG TNG
KOVOTNTOC, EQ° OGOV 1) EXLTLYYUVOUEVT] ADENGT TOV TOPMDOIOVG OV ETOPKEL.

» Kafopiotiki|g onuociog yo TNV omOTEAEGUOTIKOTNTO TNG KOTEPYAOioS HE €Adikd vdTplo
eaivetol va, givol 1 meplekTikotnTo TG TEPPOg o€ Caly, M omoio UETOTPEMETOL PEPIKDG OF
eM0iKd aoPéoTio, To omoio aLEAVEL TN CLUVAPELD TNG TPOg To TeTpélato. 'Etot, yio ) Peitioon
NG CLUTEPLPOPAS TG Thovolag oe CaOs téppag amatteital TposOnkmn gLaikov vatpiov o TOAD
younAo mocooto (0.4% x.p.), evd yia v younAng neplektikotntog oe CaOr téppa amatteitol
VYNAOTEPO T0G0GTO (50% K.J3.).

= H epapuoyn TOV HEIYUATOV TEPPUG-TETPEANIOV TNV oTobepomoinotn edGPOVS, Ue GKOTO TNV
KOTAoKELN VIoPdoewv 0ddv, givar evBappuVTIKY, KLPIOG OTNV TEPITTOON TEPPAS VYNANG
neplektikotntog oe Caly, mpv TNV KoTEPYOTio TNG UE EAATKO VATPLO, 1| OTTOi0 OUWOG GLUUPAALEL
0VCOTIKG 6TN PEATIOOT TNG CLUTEPLPOPAS TNG KATA TNV TPOSHNKN TNG G€ TETPEAAOKNAISAL.

* Meimwon g TAACTIKOTNTAG OPYIADIOVS E6APOVG EMTVYYAVETAL KOTA TNV TPocHnkn o€ Yaunio
1060070 (3% k.p.) TéPpag mhovolug oe CaOr ko oe VYNAO Toc0oTo (20% K.B.) TéPpag eite
mhovolog oe Caly, petd v Katepyacio TG 1e LK vatplo, omdte éxetl peiwbei n CaOy, eite
younAng mepiektikdtnrag o CaOs.



= AbvEnom g avtoyng apyilmdovg €04povg og aveumodioTto OAlym emtuyydvetar petd amd 60
nuépeg Kat, kopimg, petd ond 90 nuépeg, Aoym g Ppadeiog dpdong g wtapevng téppoc. H
EMTUYYAVOLEVT] OVTOYT] TOV £GP0V glvan 1.6-2.6 popég peyardTepT Tng apyIKNC.

»  Meyolvtepn avénomn g avtoyng EMTLYXAVETOL KOTA TNV TPOGHNKN UTTAUEVNS TEPPAG VYNANG
nepiektikotntag og Cals kat, pdiota, og xaunio mocootd (3% «.B.). H pukpdtepn avénon g
avToYNG o€ VYNAOTEPO T0G00TO TPoctnkng (20% «.B.) Ba pmopovoe va amodobel oty avénon
NG GLYKEVIPOGTC TOL TETPELAiOV.

5 EYXAPIETIEXZ

H O.K. Kapaxdon gvyapiotel 1o Kowvoeeréc Topopa AréEavdpog . Qvaomng, Tov omoiov vnpée
VTOTPOPOG,.
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H wrapévn téppa ¢ vikd vtodoewv 0000TpOUATOV

L. Hamaywavvn, A. lMonafaciieiov, 1. Tpayomovrog, X. Xehefog

MNEPIAHYH: To vdpavAikov yopoKTHpo OVOUYUOTO TOV YPTCILOTOI00VTINL OG LTOPACELS
oV odomotia 1| otV Katackevy damédwv mpodiaypdpovial ota Evpomaikd tpdtuoma EN
14227 ko EN 13286. E&’ opiopo0 o1 acPectovyeg TEQPPEG EMTPEMETAL VO, YPTCLLOTOIOVVTOL
€POCOV TANPOVV TIG OMOLTNOEL TOL Kavoviopuov EN 14227-4 mov agopovv kvplwg tnv
Katavou KOKK®V, T otafepdtnta dyKov Kot v meplexdpevn vypacio. Eivar yvooto 6t ot
mTOUEVEC TEPPEC TOL  GLAAEYoVTAlL omd TOVG AyVITIKOUG oTafpods  mapovstdlovv
dlakvpavoelg otn ovetoon Kot wiaitepa 6to mepieyopevo (Ca0) kat m060otd Beukdv TV
KkOkK®V. AxolovBmvtag Tig vmodeifelg tov Kavovicpuov EN 14227-3 éywve pio cepd
OVOLLY LOT®V KoL 0KOAOVON GOV LETPNGELS TOV apopovv T dokipacio Proctor, CBR, Olurtikn
avToyn Kot Ghia pnyovikd yopaxtnpiotikd. Ta amotedéopata £de1&av OTL 1] GUVEIGEOPA TNG
WMTAUEVNG TEQPOG OTN PEATIOON TOV UNXOVIKOV YOPOKTNPIOTIKOV VOl OMUOVTIKY Kol
a&loonpeimt avroyn g téaEng Rc=20MPa propei va emtevyfel. Avagpépovtog v gumeipia
oo TPOMYOLUEVEG gpapuroYEG katd v kotackevry e EGNATIA ODOS vyivetar o
poontadelo va evtomioBoiv T eUTOSL0 TOV AVAGTEAAOVY TN XPNOT TNG EAMANVIKNG ITTANEVNC
TEPpog otnv odomotia. Emiong ot wioutepotnteg mov mopovctalel to vAKO kot oyolaleton
Katé 1660 01 Evpmmaikéc mpodioypapic Tov mpoavagEpovTal KAOADTTOUY EXOPKMS TN XPNOoN
TOV aoPESTOVYWOV TEPPDOV GE DOPAVALKE AVOUTYLOTAL.

AéEeig kKhedd: aoPectodya TEQPa, VIPAVAIKOL yopaktipa avoauiypata, EN mpodiaypapéc,
MK o06TacT, anaitnomn vepo.



EIZATQI'H

H ypnon tov acfectovymv teppdv otV odomolio Kol 6TV KATOOKELT OamEdV Yo TN
otabeponoinon tov otpdcemv Pdong kaAvaTeTon Ao TN oEpd Twv Evpondikdv tpotinwmv
EN 14227 o1 EN13286. Ta owovopukd kot tepiparloviikd o@EAN omd Lo TETOW0 EQUPHLOYY|
OV APOPE OAOVE TOVG TUTTOVES 0OOGTPMUATOV EVKOUTTOV KOl AKOUTTOV EVOL TPOPAVIS TOGO
oe €Bvikd 0co kot oe Evpomaikd eminedo. A&iler vo onuelmbel 6Tl 6T VOTIONVATOAKN
Evpdnn 6mov emkpatel 10 peyaAdtepo TOGOGTO TNG GLVOMKE GULAAEYOUEVNC TEQPOG
Bpiokovtol oe e£EMEN £pya LEYAA®MY OOIKMV OPTNPIDV, AEPOSPOLI®VY, OTOONKEVTIKAOV YDPOV
o€ MUV KOl EUTOPEVUATIKOVG o6Tafpovg[1] evd éxovv mpoypappaticel moAld £pya
VTOSOUNG Yol TNV EMOUEVT dekaeTiol2].

O Ttopéag avtdc TG YPNONG TOV TEPPDV GE YEMTEXVIKEG EQUPUOYES elval YvmoTdg debvig
amo T oekaetion Tov 70[3] aAAG péypl ofuepa Kol EOIKE Yo TIC 00PECTOVYEC TEPPEC M
TOGOTNTO TOV VAIKOD TOV TPOSPOPATAL V1o VYNANG a&iag YeOTEXVIKES epapuroyég(iot Oyt yio
TNV OTOKATAGTAGT OPLYHAT®V) eivar oxetikd younin. Ot oyedlnotés Epymv, ot pnyavikol
elvar ampoupol va gpoprolovy eVOALAKTIKG DAIKE, oKOUN Kol OTOV DTAPYEL OLKOVOULKO
operog. H élhenym g mApovg KOTavONGoNG TOV TAEOVEKTNUAT®MV OV TPOKLATOLV OO TN
YPAON TOV EYYDOPIOV TEPPDV (OIKOVOUIKMV, TEXVIKOV KOl TEPIPOAAOVTIK®Y, 1 EAAEWYT
TOAITIKAG N KWVATP®V OO TNV TOALTEID Yoo TNV TPo®@ONoT TETOIOV «TPACIVOVY ADGEDV
KaOAdG Kot 1 amovsior KOJK 1 001y0D Yo T YPNON TOV TEPPDOV OVTAV OTIG CUYKEKPIUEVES
EPUPLOYEC GTOVG 0TT010VG VO £xEl evemuUatbel gumepia amd v Tpasn, amoterobv eunddia
1oL Tpémet va vePTNdNBovv. Ot pnyoavikol £X0VV TOALG EPMTNLOTO TOV APOPOVY

-mo10TNTa Kot Tog O eEAEyyETOL 1) KATOAANAOTNTA TOV TEPPDV
-ouveEYNG 0100eGIUOTNTO TOV VALKOD

-TPOTOC YEPIGHOD TOL VAIKOD Kol AENTOUEPEIC 00MYyieC €QOPUOYNS O OA0 To OTAdW
KOTOOKELNG

-KOTOAANAN OVTIHETOTION OA®V TOV Ppaydypovev 1 HoKpOXpoveOV TPORANUAT®V oV
UTOPOoHV VO TOPOVCLUGTOVY G€ oTAfEPOTOMUEVES e TEPPO VTOPAGEIC TTOV KLPIMG APOPOVV
oTafepdTnTa OYKOL Kot avBeKTIKOTNTO.

2NV €PYOCia VT AVATTOGGOVTAL OVTEG Ol AMOWYELS €V o)éoel e Ta Evponaikd tpdTuTa mov
aPOPOLY TO VOPAVLAIKOD YOPOKTNPO Hiypato vToPdcewy. XToY0g gival va avaderyBodv Ta
EUMOOI0. 0T YPNOT TV aoPectoby®v TePpv Pdost g eumelpiag amd TPONYOVUEVES
TAOTIKEG epapuoyég kot vo oulnbel katd mOCOo To KPITHPle. TOL EIGAYOVIOL Omd TO
TPONYOVUEVAC avopepouevo Evporaikd mpdtuma kaAdmTouy TN ¥pHon TV acPestovymv
Te@Pp®V. Emimiéov yivovtal GUGTAGELS Yo TNV UE AGPAAEL YPTION TOV AGPECTOVYMOV TEPPOV
W01iTEPO GTOV EAANVIKO YDPO.

H eAnvikn epmepio and v Tpdén

H ovyn\q oyxetikd vopovAtkdtto g €AMVIKNG 0oPecTodyoc WTAUEVNC TEPPAS NG
evpOTtepNg meployng tng [ltoiepaidog mov amoterel t0 80% NG CLVOAKA GULAAEYOUEVNC



TEPPOS GTOVS AYVITIKOUG otafovg Exel d1egodikd depevvnBel amd t dekaetia tov 80[4,5].
YKUPOOEUOTO LE VYNAO TOGOCTO OGAEGUEVNG WMTAUEVNC TEPPOC OVOTTOGGOVYV AVTOXN
ocvykpioywn tov cvpPatikod okvpodépatoc. To 1995-97 KatackevdoTnKe TO PPAYUA TNG
[MatavoPpoong pe KoAvdpovpevo okvpddepa mov mepieiye 82% aheopévn mrdpevn T€Qpa
kot 18% towévio CEM 142.5[6]. Ev 1obtoig | ypfon TG oKATEPYASTNG TEQPOS OTNV
odomoto. M oe ddmeda elvar mepropiopévn. To 1986 10 Ymouvpysio Anpociov ‘Epyov
diepevvnoe 1 otabepomoinon voPacng pe axkatépyoaotn acPeotodyo téepa. Eva tunua
OpOLOL KATAGKEVACTNKE OVAULYVOOVTAG TEQPA KOl adpavh €mtl TOTOL[7]. ZOUPOVO UE TOVG
GLVAELPOVG IOV eMEPAEYAV TO €PYO, TO KOPL TpoPANLaTe TaV: 1| TPOLUN THEN TG Koviag,
N UEYAAN amaitnon oe VEPO TOL OVOUIYHOTOC, T OUGKOAIN YEPIGUOL TOV VAIKOV, M
SKOLLOVOT TNG GUGTAGT|G TOV VAIKOD, EVA Ol OOLTHGELS AVTOX®DV EmTEVYONKaV.

Kozd v mepiodo 2000-2002 to Epyactipio Odomotiag tov Apiototereiov Ilavemotnuiov
YPNOWOTOINGE avAya aKaTtéPyaoTng TEepag meployng [Itodepaidos kot adpavmv yuo v
KOTOOKELT] VROPACE®V GE OLO TAOTIKG mpoypauuata[8]. Xto cuumepdcUaTa TOV
CUYYPOPEDY Y10 TIG GYETIKEG EQPUPUOYES OVOPEPOVIOL G TOPUTNPNCES 1| SVOKOAI GTIg
oLVOKEG OmOBNKEVONG, N ATADOAELN EPYACIUOTNTOG OTO OVOUTYLLOTO LEYAANG TEPIEKTIKOTNTOG
0€ TEPPU, T OLOKOLOVOT] TOV OTOULTOVIEVOD VEPOV, 1| ETPPOT TOV KAUATIKOV GUVONK®V Kot
Wuwitepa TOV VYNA®V BepUOKPAGIDV, 1 AVAYKT VYPNG GUVTNPNONG UETA TO GTPMOGIUO, 1|
EMIOTN TPOUN OavIoyn TOV ovapypdtov. H emtevybeico avioyn tov avouryudtov
axatéPyaotng téepog pe adpavny Mtov mepimov 50-70% tov avtictoy@v ypdtov pe
VOPOVAIKY] Kovia okéTo Toévto Ko Bewpnfnke wovomomtikny yu TO OYEOICUO TMOV
GLYKEKPIUEVDV VTOPACEDY TOV TPOYPAUUATOS.

Yyohalovtog To. TPONYoUpEVO TAOTIKG épya mpémel va, Aeyfel OTL ou mAnpopopieg mov
divovtal ylo TNV aKaTEPYOOTN TEPPU TOL YPNCLUOTONONKE OGOV 0POPA TN YNUIKT COLGTACN
,T0. QUOIKG  YOPOKTNPIOTIKA Kol YeEVIKO TG OoKluacieg eA&yyov 1ng TéPpPOg TPV
ypnowomondel eivol GYeTIKG TEPLOPIGUEVES KO OEV EMITPEMOVV UKL GLGYETION NG
GUUTEPLPOPAS TOV AVOULYLATOV GTNV TPAEN LE T YOUPOKTNPICTIKA TNG TEPPUGS.

To 2003 o10 Epyactmpio Aopuikdv Yikodv tov A.JL.O oto mhaicia tov EITAN yio midotikég
EPOPHOYES TNG UTTAUEVTG TEQPAG EAEYYXOMNKE OKOTEPYUGTN UTTAUEVT] TEPPO TTOV POIVETOL GTOV
[Mivaka 1 g otafepomomrikd VAKO Yo 600 THmoVg €60V’ gvog Tomov A katnyopiag CL
katd Casagrande ta&wounon kot evog tomov B mov cuvictato and un cvvektikn dupo. Ta
€0GpN ATOTEAOVGOV LTOCTPMOUOTO TUNUAT®OV VIO Kotaokeuny odmv. O dgvtepog TOMOG
amotelovoe  vmootpopa yapaéne Eyvoatiag Odod ot 0éon Khewi Bépowg. Ta
YOPUKTNPLOTIKA TV S0 TOTT®V A Kot B edapdv divovtal otov [Tivaxa 2.



[Mivakag 1. 1816t teg axatépyaotng acPeotitikng mrapevng téppags (IT) mov
¥pMNoLoToOnke yio otadepomoinon dapav

Xnwikn ovotoon (%)

Apyucog xpdvog mhéEng (min)

SiO, 275
AlL,O; 175
CaO 33.8
Fe,O; 3.50
CaOfee 11.13
SO; 6.31
AndAreia mopoong  4.20

Yypacio 0.30

100% IT 30% IT + 70% CEM

150 138

Ztabepotnto (Le Chatelier) (mm)

100% IT 30% IT + 70% CEM

2.40 1.95

Agntémro Rys % wiw

38.5

[Tivakog 2. Xapaktnplotikd TV £daemv mov otadepomombnkay pe IT

Tomoc A

Tomoc B

Xnukn ovotoon (%)

(pvown dppog)

SiO, 67.4 dpaotikd Si0,  10%
Al,O; 13.8 Icodvvapo dupov  SE 85
(AASHO)
Fe,O; 5.15
CaO 1.48 Tpomomomuévy Py = 1.59 Mg/m®
Proctor
MgO 1.52 w=47%
AlkoAwca  3.13 CBR 2.89
Koxkkopetpikn avarvon (%) Koatnyopromoinon
Apythog <4um 9.49 AASHO A3

Silt 4+63um 23.54

Appoc >63um 66.97

ASTM D2487 SP

Opia Atterberg  Katnyopia CL

Tpomomomuévy Py = 1.94 Mg/m?

Proctor
w=12.6%




[opackevdoOniay 600 piypato g mrdpevns téppag pe 10 dapog A (tposbnkm 20% ot
40% xatd Bapog ENpov piyprotog) Kot dtdpopa piypato T€epag pe v dupo ( mpocstnkn 0-
13% xatd Bapog Enpod piypatog). H tpomomompévn pébodog Proctor ypnoiponomdnke yo
™ pétpnon ™G Mmax mukvottog yd, TOL OTOITOVUEVOL TOGOGTOD VEPOD KOl TV
oykouetpik®mv petafordv. To Jdokipwo tov uypdtov (katd T pébodo  Proctor)
ocvvinpnonkay katdAinia (18°C kot 90% oyetikn vypacia) Kot opticOnkay ce aveunddiom
povoa&ovikn OAlyn oe nAikia 7 kot 28 nuepdv. MetpnOnkov eniong ot TapapopPOGELG AOY®
ovotohn. Ta anotehéopata gaivovtol 6Tov Tivaka 3.

ITivakag 3. Amoteréopoata dokiung Tpomomoinuévng Proctor oe koAvdpikd dokipa
dotdocenv 10.15x11.57 cm

Movoa&ovikr| OAmT. avtoyn MetafoAn 6ykov

Miviia , w Re Re7 Rews  Xpoviky Met.oykov Mert. Bdpovg
THE (Mg/m o) (MPR) (MPa) (MPa) mepiodog (%) (%)

0
,100 % 194 126 0241 0241 0.241 0-28d 8.0 6.4
£00.p0g

20% IT +
0/0, 178 158 1.00 3.78 3.98 0-28d 2.4 9.7
80% &dapog
40% IT +
0/0, 166 185 1.90 2.50 3.00 0-28d 55 12.0
60% £dapog

MV TEPINTOON TOV UIYHATOV TEQPAc-auuov &ywvav petprioslc CBR kot avtoyng oe
ddTunon vmd dupopo emimeda KOPLOC TAONG HE TN ovvepyooia Tov Epyaotnpiov
Edagopunyovikng AJL®. Ta amoteréopota @aivovior otov mivoko 4 kot 1 oyéon
STUNTIKOV TAGEDV-LETATOTICE®Y diveTan otnv ekdvo, 1 ko 2.



MMivaxag 4. Twég Proctor kar CBR pypdtov IT kot eddpovg tomov B

Metafoin
II axn IT P BR petd and )
pocHnkn d w CBR petd amd cvvtipnon byKov
uiypo (%) (Mg/m®) (%) og vypaocio yio 7 nuEPES (%)
1 0 1.59 4.7 2.89 0
2 4 1.60 7.6 7.55 0
3 7 1.62 7.8 19.43 0
4 10 1.67 8.5 25.15 0
5 13 1.68 11.6 34.91 0
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Ewodva 2. ddxerog Sotuntikng ta.ong

Onw¢ gatveron otov Ilivaka 1 1 akatépyaotn t€ppa €yl éva VYNAO TOG00TO JabEGIUNG
acBéotov (CaO 11,13% katd Bapog) kot Osuxdv (SO; 6.13% kotd Pdpoc) kot avapévovtay
UeyOAEG LETAPBOAES OYKOV TV YUAT®V £0APOVC-TEPPUGS. Ev ToUTO1G Kot Y100 Tovg dvo THmovg
€00p@V M otabfepotnTo 0yKov PerTiddnKe pe v mpoctnkn téeppag. EmmAéov diepevvnon
£de1&e Ot 01 TOmotl A ko B €dapdv mepietyav 5% xar 10% Spaoctucd moupitio, avtictoryo.

'Etot, £ywve n vmo0eon 611 6N 6TafEPOTNTO QDTN TOV UYUAT®OV CUVETEAECE 1) OEGUEVCT] TNG
0OPECTOL amd TO TVPITIO TOV ESAPIKAOV LMK®MV. AVTi 1 evolapépovoa Tapatnpnon Bétet
0éua ovuPoatdmrag petald otabepomointn kot edapikdv pyudtov. o mapddstypo oe
TEPITTOON €00PAOV TAOVGIOV GE GUOPPO OPOCTIKO TLPITIO 1| TEPPU GUVEICEEPEL OGN
otafepdTa Ko cuvekTikoTnTa TV edapav. [lpémel vo Aeyxbel emiong OTL vmdpyel po
optimum mpocbnikn oty omoia epeovifetor N YoOUNAOTEP OYKOUETPIKN UETOPOAT TOL
plypotog. Xtn ovykekpiuévn mepintwon mov eréyydnke n mpocsOnkn 20% mtduevng t€epag
TOPOVGIACE TN YAUNAOTEPT OYKOUETPIKT LETAPOAT.

Eleyyos aofectodyas mrduevns téppos odupwvoe e EN 14227 w¢ ovotatikd vopoviik@v
HIYUATOV.

Y10 oyxetikd mpétvma EN 14227 xou EN 13286 mpodiaypdpovtor ol amoitioels yuo Tig
GUVOETIKEG KOVIEG TOL UTOPOVV Vo ¥pnoiponombovv oe piypato vroPfdoeny KobmE Kot ot
pébodot doxaciog yio TNV KataAANAOTNTA Tovg. Xto0 EN 14227-4 §4,3 Ol 0mottioelg mov
aQopovY oTNV acBecTo)N TEPPO APOPOVY TNV KOKKOUETPIKT dafaduion (rocootd >95% va



dépyeton o 315um kdokivo ko >70% va diépyetar to I0umM koécKvo, 61N cTabepdTNTA
oykov Bdoel tov TpoTHmov TV ToEVTeV EN196-3 kot 610 mococtd dpactikod CaO mov
npénel va glvar Oyt Ayotepo omd 5% K. kol 6to deiktn VOPALAKNG OPACTIKOTNTOC(OE
wpoatpeTiky Pdon). Xe chykplon HE TIC OMOTNGELS TOL TPOTOHTOL Yol TIS UN 0GPEGTOVYES
TOPITIKEG TEPPEG OEV VTAPYOLV OPLOL YLO. TO TOGOOTO TV OEUKOV Kol EMITPENETAL TLO
YOVOPOKOKKO VAIKO 00PecTovy0s TEQPAS va ypnotponoteital. H kokkopetpkn dafdOuion
TOV UIYHATOV e acPectolyo TEPpa €ival To YOovOPOKOKKN GE GUYKPIOT| LE OVTH TOL
mpoteiveTon avTioToy o Yo LiyHATo LE TUPLTIKES TEPPES.

AxolovBdVTog TO LTOSEIYUATIKA avapiypota mov tpoteivovtal oto Annex C tov EN 14227-
3:2004, oyedidotniay TEGOEPO AVOULYHOTO £XOVTOC GLUVOETIKY VOPAVAIKY] Kovia, 600 TOHTOVG
aKOTEPYOOTNG AoPESTOVYOS TEPPAG TOL GLAAEXOMNKAY amd TOLG AyviTikoUS oTabpols €161
hote va. dapépovy 610 mTocootd dabioyune acPéotov, Cal, ota Oesukd (SOs) kot ot
AETTOTNTO TOV KOKK®V. LTOV TvaKo 5 @aivovtal ol avoloyieg TV avoypdtov Kol 6Tov
[Tivaka 6 ta yopakINPIeTIKG TV TEPPOV TOUTOL A Kot B.

[Tivakag 5. Miypata pe AcPeotitikn Intapevn Téppa

Yvototcd (kg/m®) Miypoo 1 Miyua 2~ Miype 3  Miyua 4
AocBeotitikt Intdpevn Téppa 1625.4 1775.5 137.8 184.0
Towévto CEM 142.5 N 180.6 - - 46.0
Agmtokokko adpavig (0-4mm) - - 971.2 930.2
Xovdpokokko adpovég (4-16 mm) - - 1187.0 1136.9
Nepo 270.9 266.3 137.8 138.0

[Mivaxog 6. [016tteg AoPeotitiknig Intauevng Téppag A ko B

Xnukn cbotaon Aentomro  ZtobepdnTa OyKov Koxkkopetpia
Eidog IT  CaOsyo SO; Rys 30% IT + 70%CEM  315um 90pm
wiw (%) (%) wiw (%) (mm) (% Sepydpevo k.p.)
A 5.60 3.80 45.8 1.95 99.0 72.6
B 115 6.31 38.0 2.75 97.2 71.1

To 10600616 VYpaciog Kot Yio TI dvo TEPPeG NTav KAT® ond 0,5%. Kat® apynv n max &npn
TUKVOTNTO, KOl TO OVTIGTOX0 Optimum wocd vypaciog petpROnkay yio To avopiyHoTo Tov
nivoka 5 pe v tpomomomuévn péBodo Proctor coppova pe EN13286-2. O tpég mov
TPOGOloploTNKAY QaivovTal 6ToV mivaka 7 Kot éva Tumko didypappa Proctor diveton otnv
gwova 3.



ITivakag 7. Tyég eAéyyov Proctor yia ta piypata AcBeotitikng Intapevng Téppag kot
punyovikég avtoyés Re, Rit

Pg w Re7 Reos Rit E.

Miypota
(Mg/m®) (%) (MPa) (MPa) (MPa) (MPa)

1 (IT + CEM)
IT Tomog A 1.195 13.8 - - - -
IT Tomog B 1.200 143 - - - -
2 (IT)
IT Tomog A 1.108 17.0 - - - -
IT Tomog B 1.190 17.9 - - - -
3(IT + Adp.)
IT Tomog A 2.200 7.6 4.8 8.8 - -
IT Tomog B 2.220 8.6 5.2 10.1 - -

4 (IT + CEM + Adp.)

IT Tomog A 2.230 6.6 11.8 18.5 1.42 125
IT TYmoc B 2.240 6.8 10.5 225 1.57 200
1,120 W=0,17
1’110 Pd=1,108
1,100 //\\
1,090 /
@ 1,080 /
2 1,070 VA
S 1,060 V4
1,050 — [
1,040
1,030 ,,//'
1,020 T T T T T 1
0,08 0,10 0,12 0,14 0,16 0,18 0,20
w (%)

Ewova 3. Adypappo tpomormomuévng Proctor yio to piypo No.2



Metprioeig OAmTikng avtoyng Eywvov og kvfovg 150x150x150mm wov cvumukvembnKoy pe
dovnrtikn tpanelo ovpupwva pe to tpoétumo EN 13286-5. Ta doxipe cuvinphinkav ce vypod
nepBdilov 98% oyetikng vypaciog (dev epPanticOnkov ce vepd). AlAeg dokiacies Ommg
eivan CBR, €ppeong e@eAkuoTiKng avtoyns, HETPOL EANGTIKOTNTOG KOl 6TafEPOTNTAG OYKOL
elvar og e&EMEn. Bdoel tov péxpt topa amoterecpudtov pmopel va Agybei 6tt ot EAANvikég
aoPeotobyeg WMTAUEVES TEQPES OTO UEYOAVTEPO MOGOCTO TANPOVV TIG OIOLTIGES TOL
EN14227-4 vy ypfion o€ piypota vroPdce®mv kKol ovOTTUGGOLV GYETIKE 1KOVOTOWTIKO
eninedo avroyng g tééewg Rc 15/20 | Rc 18/24. daivetan emiong 6t pe tqv avénon tov
TOGOGTOV TNG TEPPAG OTO OVALLYLLOL, TO ATALTOVUEVO TOGH VEPOD Yo péylotn Enpn TukvoTTa
avéaveral. [eportépm, 1 YK 6VCTOOT Kot E0IKOTEPO. TO TOGOGTO TNG 0GPEGTOL Kol TMV
Beukov kabdg ko  AemtdtEPN Katavour] KOKK®mV @aiveror 6Tt ennpedlovy 10 amaitoOIEVO
OGO VEPOD YLoL Max Enpr TukvOTITA.

2olnTnon ue faon ta epYaTTPIOKS, ATOTEAEGUATO, KOL THV EUTELPLOL.

OePOVTAG TNV EMTEAECTIKOTITO, MG CTOHEPOTOUNTN TNG AKATEPYUGTNG AGPECTOVYAG TEPPUS
o€ piypota €dapoug yio vrofdoelg odomotiog pumopei va AexBel 611 | Té@po avt TOPoLGIALEL
TAEOVEKTNLOTA OGOV OQOPE TOL UNYOVIKA XOPOKTNPIOTIKA yroti pmopel va ypnotpomow el
OKETN G Kovia 1] 6& GUVOLOCUO LE TOAD LIKPE TOGOGTA TGLUEVTOV EOIKE OTOV Omotteiton
TPOUN AVTOYXN. L& GVYKPIOT| UE TIG TUPITIKEC TEQPPEG 1 CLUVEICQOPA TV 0CPEGTOVY®Y GTNV
avamTuéEn avtoyng elval HEYOADTEPT] EMTPETOVTOG VO YPNCULOTOLEITOL TO VAIKO amd LOVO TOV.
Ev tovtoig n wpaén £deiée otL avtiuetomilovror Oéuata vymAng amaitnong oe vepd kot
OTMAELNG EPYAGILOTNTOG, TO OTTOI0, LTOPOVV VO AVTIETOTGHOOV e KatdAinia pétpa. Onmg
eavnke amd v épgvva N ynukn ovotacn (Ca0 dwbéoipo, SOz) ko 1 Aerrotrto mailovv
TOV KOpto Adyo omnv avénon g amaitnong oe vepd tov uiypdtov pe téepa. Ot
acPeotoapyilhkég Kot 0e1006PECTOOPYIMAIKES EVDGELG GUVTEAOVVY ETIOTG OTNV TTPAOUN THEN.
"Etot cuvictatal ktdg omd to optimum mocd vepod kotd Proctor va petpdton 1 amaitnon oe
vepo G mrapevng 1€ppag katd EN 196 dote va pmopet vo vmdpyel £yKoipn ovVTILETMTION
omv pdén. H ynuikn ocdotaon eaivetor 6t mapepPaivel kot otn otabepdtnra dyKov tov
urypatov. Zopeovo, e to EN 14227 n otabegpdmrta 0ykov eléyyetal g piyua ToUEVTon-
teppac. O éheyyoc avtdg Op®G dev KoAVTTEL TNV Tepintwon Omov 1 acPestodya TEPPA
ypnowonoteitar amd udvy ™¢ N o€ ueydho mocootd. Mo mpdtn Evoelln PéPara
otabepdnrag oykov AapPdveron de facto dtov kotd ) dokipacio CBR uetpdral n ypoppukn
OOYK®ON, OAAE €vo TEPIOGOTEPO OVTITPOCOMEVTIKO T®V aiTiv amootadeponoinong twv
Uypatov Bpaydypovo 1€t Bo fTav TPoTILOTEPO.

l'evikd, To mAaiclo TV oYeTIK@V Eupomaikdv Tpotimmv mov Exovv avagepbel elvar apketd
OVOLKTO, KO TOPEYOLY VKOO, 6TO GYEdIOoUO TV uyudtav. Ev tovtolg eotialovtag otig
acPeotobyec téppeg vmapyovv Bépata mov wPEMEL v avTIUETOTIOO0OV KoADTEPA UE
TPOTOTOINCN TOV OMAITHOEMY OOCTE VO OLELKOADVOVTOL Ol UNYovikoi Kot vo avomtuydel
EUTIGTOGHVT] GTO VAIKO.

YYMIIEPAXMATA

H axotépyootn acPectovya téppo €xel ypnowomombei pe emtvyio ot otabepomoinon
OPYIMAIK®OV KOl CUU®ODV 00OV PEATIOVOVTOG GNUAVIIKE TN G£POLGO. 1KAVOTNTA, TN
SLOTUNTIKN avToYN Kol GAAOVG GYETIKOVG deikTeg TV edapmv. H cupufatdtnta tov edapikdv
VAK®V KOl TNG TEPPAG CUVEIGPEPEL GE KOADTEPO OMOTEAECULATA.



Ot eEMNVIKEC aoPECTOVYES ITTAUEVES TEPPEC TAPOLO TTOL Eival HEYIANG SLOKOUOVOTG MG TPOGC
TN 60GTUGCT, TANPOVV GTIV TAEWOVOTNTA TOVS TIC OMALTHOELS TMV GYETIKMOV Tpotimev EN kot
TPOGIIOOVY TKAVOTONTIKY OvVTOYY] G€ LOPOLAK®DS cLvdedepéva avauiypato e tédéng Re
15/20 émg Rc 18/24. Mepikég 010 TEG N YOPAKTNPIOTIKG OT®G 1) OXETIKA ovENUEVN
TMEPLEKTIKOTNTO G€ VEPO KABDS Kot 1| oTafEPOTNTA GYKOL dEV OVTETORILOVTOL ETOPKDG GTA
VRApyovTa TPOHTLTTO KOl EMITPOCHETEG OQMOLTNGES 1] TPOTMOMOMCELS OTIS VTAPYOLGESG Oa
BonBovoav oto va dnuovpynbel  eumiotochvn 6To LAMKO Kot va. dtepevvniel 1 epappoyn
TOV GE GYETIKA £PYOL.
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Yyning mo0tTtos oKupOodENa SUTEOMV UE 0.OPUVY] CKOPLOS KOL
iveg

I. MMamaywavvn, M. Illarayproto@dpov, I'. Xtpatic, K. Zaypagog
Epyaotipio Aopurcdrv Yiixwv, Tunquo Holitikov Myyovikav AIIO, 54124 Occoalovikn

Aéeig kherdia: womhopévo orvpodepa, adpavi okmpiog, ducBpavotdtnta

HEPIAHYH: H epyocia aut] evtdocetol 610 TAOIGLO NG €peuvnTiKNG KatevBuvong mov €xet
avantuyBel oto Epyaotipro Aopkdv YAkdv tov AILG. oyetikd pe  ¢pon eVOALOKTIKOV DVAMKOV
GTNV KOTAGKELT £EPYMOV VTOSOUNG.

SV gpyaciot OUTH TPOCIIOPICTNKOV TEPAUATIKE TO  UNYOVIKA YOPOKTNPIOTIKA UIYUATOV
OKLPOJEUNTOG pE  YPNON  POUNOVIKOV OTEPEDY KOTOAOIT®OV ©G adpovi. Q¢ adpavy
ypnooromonkoy (extdoc and o cuvion acPecTtoAlfIKd), amoKOUVEDUATO CKOPIOG TG eTalpiog
AEI®OOPOY A.E. og «hdoupata woxkopetpioag 0-4mm, 4-8mm, 8-16mm. Ilapdpetpor yw tov
GYEOOGUO TOV UIYUATOV TaV:

e H ypnon adpavav ckmpiog (ATOKAUIVEDLATO) OF VTIKOTAGTACT T®V GUUPBOTIKOV AdpOVAV.

e H ypnomn HLETOAMK®OV VOV OTAGOD 6TO GKLUPOSEUD, Yo TNV avEnen TS SveOPAVGTOTNTOC TOL.

X10x0¢ eivor va digpevvnfel, ov etvar duvat 1 ypNoON TOV OKOPIOV Yo TNV TOPUCKELN
OKVPOJEUATOV 00006TPMGinG 1| GAL®Y damédwv (pavement) pe v TeEYVIKN TOL KLAWOPOUUEVOD
GKVPOSEUATOG.

Yovolkd eréyyOnke évag apBuog 150 mepimov doxipiov mov mapdybnkav ota Epyactipio tov
AIL®. Ta anoteréopata £de&av 0T givan duvatd va emtevyBel oxvpddea LYNAOD OUKOAOYLKOD
wpoeik avroyng 48 MPa ue avtictoym, epelkvotikn avtoynq o€ didppnén 4 MPa, o kauyn 9,9 MPa
oV amoTeAEL £val TOAD OIKOVOUIKO GKLPOSELLE UKOVOTTOMTIKNG AVTOYXNG KoL TEYVIKMV YAPOUKTPICTIKOV
oV pumopel va, ypnowomonbel yio po oelpd €pymv vmodoung Onm¢ OAmEdH, 000CGTPOUATO,
VIOGTPDGELS TOOVEN, TIOTEC 0EPOdpOi®V K.4.



High quality pavement concrete with steel slag aggregates and
steel fibers

I. Papayianni, M. Papachristoforou, G. Stratis, K. Zografos
Lab. of Building Materials, Civil Engineering Department AUTh, 54124 Thessaloniki

Keywords: steel fiber-reinforced concrete, steel slag aggregates, flexural toughness

ABSTRACT: This work is part of the research direction that has grown in the Laboratory of Building
Materials AUTH on the use of alternative materials in construction of infrastructure projects.

The mechanical characteristics of concrete mixtures with solid industrial waste as aggregates were
defined experimentally. Steel slag, provided by AEIFOROS A.E., were used (apart from the usual
limestone aggregates) as aggregate in gradation 0-4mm, 4-8mm, 8-16mm, 16-31,5mm. The
parameters for the designing of the mixtures were:

e The use of slag aggregates in replacement of conventional aggregates.

e  The use of steel fibers in concrete to increase the flexural toughness

The target was to investigate the suitability of slag (as aggregate) for the production of road-pavement
concrete or other concrete pavement with the roller-compacted method.

Totally a number of 150 specimens were examined which were produced at the Laboratory of
Avristotle University of Thessaloniki. The results showed that it is possible to produce concrete of high
ecological profile with the following characteristics: Compressive strength: 48MPa, Split tensile
strength: 4MPa, Flexural strength: 9,9MPa. This means that a low-cost concrete of adequate strength
level and good technical characteristics can be applied in many infrastructure projects as industrial
pavements, road pavements, tunnel sub-bases, airport pavements etc.



LEDXAIQIH

H oxkopia etvar éva mapampoiov tng petarlovpykng Propnyoviog. Ilpoxvmter amd v t™én oe
KatdAAnAo KAIPavo aKOTEPYOOT®V VAKOV, TO OmOoio YPNOUOTOOVVINL Yo TNV TOPUy®YN
owodopkov ydAvPa. H ymuikny g ovotacn, m dopn kot ot 0tNTeg ™G Tapovotdlovy pEYAAN
mowiMa. H mowidia avty e€aptdran amd 1o av avty givorl o1dnpoldya 1 Un-cdnpovya Kol amd Ty
wpmTN VAN (scrap). Toppova pe v American Society for Testing Materials (ASTM), n okmpia
opiletar g éva un PETOAMKO TPOTOV TOV OMOTEAEITOL KLPIMG OO TLPITIKEG EVDGELS TOV 0oPECTION
gvopéves pe trypéva oeld odnpov, aiovuiviov, payyaviov, acPectiov kot payvnciov kot
TapAyeTal TAVTOYpova HE TOov YOAvPa péoa oe kAifavo. Ta televtaio ypodvia, ol ok®pieg
YPTCULOTOLOVVTOL KOl MO adPUVH KOl G KOVIEC GE€ KOTAOKEVEG EW0IKMV omattioewv. Xtnv Evpomn
Kabe ypovo mapdyovrol mepimov 12 ekatoppvpla tovol okmpiog (Motz H., Geiseler J., 2001). Metd
amd eVIOTIKY| €pgvva TV teAevtaimv 30 etmv, onuepa 10 90% e mapayoLeEVG TOGOTNTUS CKOPLDV
¥pNolLonoleital oe molkikeg epapuoyés. Oumg mapapével éva 10% mov amotibetor oto mepiPaAiov
(Ddotev) Keyayid, 2004). Baoikd mheovEKTHO TNG ¥PNONG TOV CKOPLOV givar 1 £0kovounon Tov
QLOIK®OV adpavdv Kot 1 dlTNPNoN ToL PLGIKOL KepaAiaiov. Emiong n yxpron tovg omotpémel Tig
nepParlovtikéc emPapdveelg g yepoaiog andbeong Onmg eival | KATIANYT TOV EKTAGEDV TG YNG
KOl O OTOKAEIGUOC TOLG OO GAAEG YPNOELS, 1M OMUIOLPYIDL GKOVNG, T cleOnTikn pvTOven Kot 1M
POTOVGT] VIOYEI®V KOl EMPAVELNKDOV VOAT®V. Telkd 1 61d0eon g okmpiag 6to ckLPOOEND OTOV
OECUEVETAL YNUIKA QOIVETOL COPMG KAADTEPT AVOT| OTO TNV TOEN TNG TOL EQUPLOLETUL CTIUEPQL.

Ocov apopd tnv mpocsOnkn vdv o610 okvpddepa, givar wKov va PelTidoel Kamoww omd To
LELOVEKTNLOTOL TOV AOTTAOL GKUPOSEUATOG OTMG EIVAL 1] YOUNAY] EPEAKVOTIKY| avToyn, N wabvpdtnta,
N ovotoAn Efpavong kot M dwumepatotnra. Ot iveg oe tprodidototn dacmopd péso oty palo Tov
GKVPOSEUATOG GTOUATOVV TNV eEEMEN TV NOT OTLLLOVPYNUEVOV POYUDV ETITPETOVTAG TOVLTOYPOVO VO
LETAOIO0VTOL EPEAKVOTIKEG TAGELG OO EMPAVELD OE EMUPAVELL TNG POYUNG, OPDVTAG £TCL G YEPVPEG
«ovppapne». 'Etot o1 poyuég epmodifovral onuovtikd otn d1ddoon Toug HEXPL TN UEYIOTN TAGT 0moTE
TPOKVTTEL N 0OTOYIO €iTE ATO TN GUYYPOVN JPPOT TOV WAV KOl TOL VAIKOV €T OO AGTOYIN TOV
deopov oty Jlemeaveln  vag-viukod. MelovekTiuoTo g ¥pnong twv waov givar m mhovi
OVOLLOLOLOPOT KOTAVOUR TOVG OTr HAlo TOV OKVLPOSEHOTOC Kol 1 HEI®MON NG £PYOSIUOTNTAG TOL
VOTOD GKUPOOEUATOC,

2.EAETXOI MHXANIKQN XAPAKTHPIXTIKQN

2.1 Yiika

O1 ok@pieg TOL YPNOLOTOONKAV TNV TOPOVGA EPYAGic TPoépyovtal amd TV etaupic AEIGOPOX
A.E xa1 1 xatodnAdtmra Toug og adpavhy okvupodépatoc Exel eheyyel amd to Epyactiplo Aopikmv
Yiwxov AILG. katd to mponyodueva £tn Pdoel tov kovoviopod EN12620. Xpnoipormomdnkav to
e€ng Khdouata adpavav: okopio og Khdopato 0-4mm, 4-8mm kot 8-16mm pe €101kd Papog 3.33
t/m?, ko1 Opovotd acPfeotorfikd adpovn o KAdouata 0-4mm, 4-8mm kot 8-16mm pe €101k6 Pépog
2,65 t/m?.

Ot iveg mov ypnoipomomdniay égovv punkog 3cm kot Aoyo popeng 40. XpnowomomOnkay emiong
YOADOPOIVES tveg TOTOL "oKovANKL”, uikovg 2.5cm pe Aoyo popeng 25.

To towévto eivar tomov CEM IV32,5. Téhog yia Pertimon tng epyociudtnrag yp1oLLoTolOnKe
pevotomomtg Tomov Glenium 21. Xto Zyfua 1 aivovtal to, VAKE Tov xpnoipuonotmonkoy.



e 1. YAwd mov ypnoponomdnkay

2.2 2ovOeon wiyudrawv

o ™ obvBeon tov prypdtov €ytve KOKKOHETPIKN avdAivorn Olwv tov Swdéoov KAaoudtov
adpPOVMY KOl OTN] GLVEXEW VTOAOYIGUOC TMOV TOCOGTAOV TOL kAOE KAACUOTOC GTO Wiypo. XTIC
ouvbéoelc pe adpovi okwpiag, AOGY0 NG YOUNANG TEPEKTIKOTNTOG O AEMTOKOKKO VAIKO,
ypnoponomdnke acoPectoMOKY] AUUOC Y10 EEOUAAVYVOT| TG KOKKOUETPIKTG KAUTOANG TOV HiYLLOTOG
oV emAEyONKe €T0l MOTE VO PpiokeTal 6T0 KATO® WG TG TEPOXNS A TOL VOUOYPUPTUATOS TOV
K.T.Z. o dleg Tig dokipaoTikéc ouvhéoelg emAEyOnke péyiotog kOkKog 16mm, AOYoc vepov TTpog
toévto 0,50 ko mocdtnto towévrov 300 Kg/m3. To m0G0GTO TV WAV Yo TIG WOTAMGUEVES
ouvvbéoeic NTov 0,9%k.0. Tov piypotog. o v womhicpévn ouvleon pe adpavi okwopiog ywvov
dAleg dVo ocvvBéoelg pe alhayég 6to AGYo vEPOD TTPOG TOIUEVTO Kot 610 Tocootd wav (Zla, ZIB).
Xpnoyonomnke pevstomomtig o€ T0606T0 0,5 g 0,75% K.B. ToPEVTOL £T01 MOTE 1 EPYACIUOTI T
ovpewva pe t dokwn Vebe va givor peta&d 6 ko 12 sec. Xtov [ivaxa 1 eaivetor o apBpog tomv
oLVBEGE®V KOl 1) TOGOTNTA TMV VAIKGOV g 1M? ko otov [Tivaka 2 Kamoleg amd Tig TopaUETPOVS TOVG.

Mivoxag 1. kg vikov og 1m?

Yiakd/ZovOeon A Al Al % I XX Xlo XIB
Towévio CEM 1V32,5 300 300 300 300 300 300 300 300
Nepo 150 150 150 150 150 150 165 165
Aoporohifuch 892 892 892 694 694 694 694 694
G106

A’csﬁsctomeuco 495 495 495 ) i ) i )
pO1

Acﬁscrtomeuco 595 595 595 ) i ) i )
Yopumidl

Anpog - - - 239 239 239 239 239
okmpiog

PG - - - 683 683 683 683 683
okpiog

Fapumiha - - - 659 659 659 659 659
oKkopiog

lves - 708 - - 708 - 708 886
I=3cm

Illsg GKOLANKL i ) 70.8 ) i 70,8 i )
1=2,5cm

Pevotomomtig 15 15 225 2,25 2,25 2,25 2,25 2,25
Tvolo 2433 2504 2505 2727 2798 2798 2813 2830

IMivakag 2. TTapapetpot cuvbécewv



2bovOeon A Al AlIX )y pX | p2 D> Yla XIp

Abyog N/T 050 050 050 050 050 050 055 055
Eg"om wév % - 09 09 ] 09 09 09 113
TTocootd

o 0,50 0,50 0,75 0,75 0,75 0,75 0,75 0,75
pevatoromty %
Xpdvog VEBE (sec) 9 6 9 11 11 12 6 6

Am6 tov Ilivaka 1. goaivetal 0Tl e TNV aVTIKOTAGTACT TOV OGRECTOAMOIKOV adpavav LE oK®pPieg
TPOKVOTTEL OKLPOIEUD pEYOADTEPOL €10KOV Phpovs (mepimov 2.8 t/m’). Amd tov Ilivaxo 2.
mapoTnpeitar wa peioon g epyoctudtnrag TopoAo TOv 1 TocdHTNTA TOV pevstomom T avsavetot. H
wpochnkn tov wov 1=3cm dev elxe emidopacn omv epyacudtTnTo. Ve avtifeta ot iveg TOHTOL
"GKOVANKL" HEIDVOLY TNV €pYacuoTnTa apov ol cuvBécels AIX kot XIX éyovv peyaidtepo ypovo
Vebe. H adénom tov Adyov N/T og 0,55 peidver onpavtikd 1o xpovo Vebe ce 6 sec (cOvBeon Xla)
akopa Kot 0tav avEAveTor To T0600To wWav and 0,9 og 1,13% (cvvBeon ZIP).

2.3 Zxvpooéstnon koi oovtipnon JoKIiUiwy

Mo ke ovvbeon mapdyOnkov kvPucd doxipe 15x15x15cm yo tov édeyyo avtoyng oe OAiym,
KLAWVOpKd dokipa 30x15cm oto omoia eEAEyyOnke 1 avtoyn oe OATY”M Ko Stbppnén Kol TPICUATIKA
10x10x40cm  ota omoia eAéyyBnke m ovioyn oe wdpyn. Ov pnqtpeg pe 10 vond oKvpoddepa
tomofethniav ce OdAoUo GUVTNPNONG UE GLYKEKPIUEVEG cLVONKEG VYpaciog Kot Bgppokpaciog
(20°C, 95% vypooia, K.T.2.-97). Metd amd 24 dpeg mpoypoatonotdnke 10 EEKOAOVTOUN KOl TO.
doxipo mopépevay oto BdAapo péxpt va copuminpmBoiv 28 muépeg amd Tr GKLPOOETNGT TOVG
TPOKELLEVOL VO OTOKTIGOVY TNV OTTOLTOVUEVT] AVTOYY].

2.4 Avroyn oe iy, diappnln, kouyn

Ta amoteléopato TV doKIUOY o€ OAiyn KuAvOpkoy Kot KuPikol dokipiov, dtdppnén Kot Kapuyn
oatvovtat otov Iivaka 3.

IMivaxog 3. Avantoén avtoydv

ANTOXEZ (MPa)
OAipn OAiYn  |AIAPPHZH| KAMWH
KUAwbpol KuBot
A 29,9 38,2 3,2 6,8
Al 26,7 32,2 3,3 6,8
AlZ 27,8 38,1 2,9 6,8
2 41,7 57,6 4,5 8,7
p1| 49,8 59,5 5 8,6
21z 39,4 50,1 4,2 8,3
Zla 38,5 47,8 4 9,9
B 40,2 46,4 4,7 9,7

H mpoctfkn okwpidv PeATIOVEL GNUOVTIKG OAQ, TO UNYOVIKG YOPOKTNPLGTIKG TOV GKVUPOSEUATOS KOl
wwaitepa ) OMmTikn avtoyn 6mov n avénon eivor mepinov 20 MPa (ovykpion A-X). Ot iveg I=3cm
dev TPoGdidovY KAmoo aHENOT GTIC AVTOYEG EVA 0L TOTTOV "GKOVANKL" €xouv KaBOAOL 1 Kot 0pvNTIKY
emidpaon.



2.5 Amoppopnon evépyelag oty OOk KGNS

H ovumepupopd tov oKvpodEpotoc o€ KAy eival TeEAeimg d1opopetikn pe v tpoctnkn wav. Onmg
Qoivetal oto ZyNUo 2. T0 GoTA0 GKUPOJEUE HETE TNV TPAOTN POYUN GOTOXEL EVD TO WOTMGUEVO
ovveyilel va maporopfavel poptia pe adEnom g TopoLdPP®ONG.

= AOITAO

=== INOITAIZMENO

Load (kN)

0 0,005 0,01 0,015
Defection (mm)
Zympa 2. Tomicd S1dypopLpa eopTiov-Tapaptdpe®oNG GOTAOD Kol VOTAGULEVOL
GKVPOOELOTOG

2115 womMopéveg ouvBESELS TPV Omd TN OOKIUN TN KEGT Tov avolypatog kdbe doxiiov avoiybnke
e tpoyd évo awAdkt mote vo, eEacpaiotel OtL 1 Opavon Oo yivel oe ekeivo 1o onueio. To
EQEAKLOTIKO QopTio peTprOnke pe niektpovikd duvauouetpo (load cell) uéyietov poptiov 100 kN ko
Ol EYKAPOIEG TMOPOUOPPMOELS HE OVO YPaupKd mAektpovikd pnkvvoldouetpa (LVDTS) to omoia
npooappootkoy de€ld kol aplotepd Tov dokiov pe KotdAAnAn Swdtaén (Zynupo 3.). Emiong
petpnnke kot n e£EMEN Tov avoiyuartog mov eixe dnuovpyndei mo mPw e TOV TPOYO OTNV KAT®
TOPELY TOL SOKIUIOV TAA pe NAEKTPOVIKO unkovvoldouetpo (Zynfuae 4.). Ot Tuég Tov opTiov Kot TV
TOPOUOPPDOCEDV KOTAYPAPNKAY MAEKTPOVIKA UE ovuyvotnTa 5 TEG /SEC. Xto Xynua 5. eaiveton M
duataén eoptiong.

Xpnoiporondnkoy oL TapakdT® KUVOVIGUOL Yo TV EKTIUNGN TS IKOVOTNTOC TAPAUOPPOCNC



1. "Eleyyog avtoyng oe wapyn Pacer JSCE (Japan Society of Engineers). Ymoloyiotnke m
1600VVOLT KAUTTIKY avtoyn Fe.

2. 'Eheyyog avtoyng oe kapyn paoet RILEM FMC (Fracture Mechanics of Concrete) TC 50.
Yroloyiotnke 1 evépyeta Bpadong Gf.

o7 loodlvaun kapmTikn avroxn e Evepyela Bpavong

. 5 . - .
Al AlS | 5Is fia 18 Al AlZ Il b1)3 Il g

JSCE RILEM FMC TC 50
Zynua 6. Ioodvvapn KapmTiky ovroyn Kot evépyeto Bpavong

H mpocbnkn okopiov PeATidvel TNV 160SOVOUN KAUTTIKY ovToyn Kol Ty evépyeto Opavong. Ot veg
I=3cm  deiyvouv vo cuvepydlovior KaAdTEPA Kol HE TOVG SLO TOMOLG AdPOVAV Amd TIG iveg
"okovAnKl'(ALZ, XIX). Tig xolvtepec Tég divel m obvbeon XIP m omoio €xel avénuévo Adyo
vepov/touévro (0,55) kot peyaddvtepo mocootd wav (1,13%).

2.6 Avroyn oe amotpiyn

O éleyyog g avtoyng oe omdtpryn (ASTM C779) éywe oe mhikeg dwotdoemv 40x40x10 cm.
MetprOnke 1o Ao cvAGK®GNC TTOL INUIOVPYEL 1| UV OTTOTPIYNG LETA amd Agttovpyio, 15 Aewtdv
o€ Ovo dokipa amd kabe cOvOeorn. ATO To AMOTEAEGUOTO TOV TOPUTOVED UETPNGE®V o OAiym,
Suappnén ko képym, amd Tig cvvhioelg pe okmpieg emAéydnke n ovvheon Xla Adym g KaAvTtEPNS
EPYOOUOTNTAG, IKAVOTOUTIKAOV OVIOY®V Kol TOAD KOANG OCUUTEPPOPAS OTOVG  EAEYYOVG
dvclpavototnrog oe kauyn. Mo koAdtepn obykpion moapiydnoov dAleg tpelg maporiayéc tov
ouvBécewv A, Al kot Z pue odiayn oto Adyo N/Ta pe T TapaKaTo TopauéTpous:

e A — A-tehn pe Adyo N/T=0,55

e Al — Al-tehikn pe Adyo N/T=0,55 kot tocooto wav I=3cm 0,9% «.o.

e Y — X-tedkn pe Adyo N/T=0,55

Ta amotehéopato TG SOKIUNG o€ omdTpyYn Qaivovior oto Zynuo 7. Mikpdtepn Podion eixe M
ovvbeon Z-telKn e adpovr] GKOPIag.



- BuBion (mm)
4% 3,69

2,84 . 2,95

2 1,82

Ila Al-teAikn)  Z-teAuxn A-tehixn

Zymua 7. Mécog 6pog POBong yio kdbe cuvbeon

3. 2YMIIEPAXMATA

Ta okvpodépata pe adpavny CKOPIOG TAEOVEKTODV GOTIG UNYXOVIKEG OVIOXEC GE GUYKPIGT HE TO
avtiotoro pe 0oPectolOikd OmMC TPOKVTTEL amd OAOVC TOVG KOTAGTPOPIKOVG EAEYYOVG TTOV
mpaypatomoOnkay. ‘Exouv peyoddtepo €101k0 Pépog evd ota opvnTikd GUYKATOAEYETOL 1 HEi®ON
NG EPYOCIUOTNTOS TOV VOTOV oKVpodépatoc. To tedevtaio mavimg dopbmvetar kabdg o avénon
Tov AOYOL VveEPO/TOEVTO avEAVEL TNV EPYUCIUOTNTO OlOTNPOVTAG GLYXPOVAOC TIS OVIOXEG OF
VyMAOTEPO emineda amd avtég TV ovvbicewv pe acPeotolbikd adpavi. Ou iveg 1=3cm
cuvepyalovtal ToAD KoAG Kot Pe TOug dvo TOHTOVG adpavdyv. Agv Tpocsdidovy Kamown avENCT GTIg
AVTOYEC AALG AELTOVPYODV 0T doKIU KApyMe 6mov cuveyilovv va mapolauBavovy Qoptio HETH TNV
TPOTN POYUN TOV 6KLPOodEUaTOG. Xtov [livaka 4. mapatiBevion ta amoteléopata g ovvheong X1 pe
adpOvY] CKOPIOG Kol VeG oL £3moE TIG HeYaALTEPES OVTOYEG Kot cvykpivovtan pe avtd g Al pe
acPBeoctoAOkd adpavn Kot tveg.

MMivaxog 4. Mnyavikd yopoktnpiotikd cvovieons X1 kot petafoin oe oxéon e avtd g Al

PN | Al Meraporq %0
OMmtiky avroyn kofov (MPa) 59,5 32,2 +60
Avtoyn oe didppnén (MPa) 5,0 3,3 +52
Avtoyn og képyn (MPa) 8,6 6,8 +26
Iodvvaun kapmtikn avtoyr (MPa) 17,7 6,03 +28
Evépyea Opavong (J/m) 15,743 10,140 +55

4. ANAPOPEX
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Tpoxtikd 2o0v Iavelinviov Zvvedpiov yia v Aéiomoinon twv Biounyovikaov [aparpoioviwv oty Adunon,
EBITIAP, Aravip Ko{dvng, 1-3 lovviov 2009

‘Eleyyog 0000TpOUOTOC amd OKUPOOEUD LE GKMPLONOPAVY) UETA
amd 7 xpdvio Aettovpyiog

I. Homaywavvn, E. Avactaciov
Epyaotipio dopukaov Yiikdv, Apiototéleio Hovemotiuio Ocooalovikng

Aéeig rherdid: 0d00TPOUA 0O CKUPOSEU, AOPOVH OKWOPIOG, TTAUEVN TEQPL, AVOEKTIKOTNTA

IMEPIAHYH: Mg Bdon mponyoduevn epyactnpilokn epmepio tov Epyaotnpiov Aopukdv Yakov
TPOYUOTOTOONKE TIAOTIKY KOTOOKEVT] 000GTPMUATOS OO GKLUPOSEUD UE UTTAUEVT] TEPPO KO
aopovn okopiag. H katackevn éyive 610 Kacoavopivd Xolkidikng ota mhaicta tov IIAET/ITABE
99BE399 pe ™ ovupetoyn Kot WIOTIKOV Qopémy. LKOTOC NG TAOTIKNG EQPUPUOYAG MTAV Va
dokootel oty TPAEn M duvatdTTA YPNONG AdPAVAOY OK®PIG Kol ITTAUEVNC TEQPPOC OTNV
KOTOOKELT] 000GTPMUATOV OO CKUPOSEU KOl 1] LEAETN TNG CLUTEPIPOPAC TOV GE GYECT LE TO
ocupuPatikd okvpddepn 0d800Tpmoiag. To TUAUO TOL 0000TPAOUATOS QPEONKE OTIC KALUOTIKEG
GLVONKEG Kot GTNY KuKAOQOpia Bopémv oynuatoy A0y Tov OTL TOPEYEL TPOGPOCT) GE EPYOGTAGIO
£€TOLUOV GKVPOOEROTOC Kol eAEyyOnke petd amd 7 ypovia ypnong. O éAeyyog devepyndnke pe
OTTIKY KOl WKPOGKOTIKY TOPATAHPNOT), EKTIUNGT HUNYOVIKOV OVIOX®DV, KaODC Kol VIoAoyloud
QLOIKMOV Kol YNUIKOV W10TTOV TOV GKVPOSEUNTOC. ATO TO. OMOTEAEGLOTO TPOKLATEL OTL TO
0000TPOUO [E 0PV OKMOPIOG KOl WTTAUEVT] TEPPO AELTOVPYNGE TOAD IKOVOTOWTIKG Kol OEV
TOPOVGINoE TPOPAUOTH AVOEKTIKOTNTOG.

Testing of concrete pavement with steel slag as aggregates after 7
years of use

I. Papayianni, E. Anastasiou
Laboratory of Building Materials, Aristotle University of Thessaloniki

Keywords: concrete pavements, steel slag aggregates, high calcium fly ash, durability

ABSTRACT:.A concrete pavement with fly ash and steel slag aggregates was constructed, based
on previous experience of the Aristotle University of Thessaloniki Laboratory of Building
Materials. The scope of this demonstration project was to test the possibility of using steel slag
aggregates along with fly ash as binder for partial replacement of cement for the production of
pavement concrete and also to compare its performance with ordinary pavement concrete. The
pavement was constructed near Kassandrino village in Halkidiki and was used as a service road for
a ready-mix concrete plant. After 7 years of service a series of tests were carried out to evaluate the
concrete’s performance and durability. The tests include visual inspection, microscopic observation
and estimation of physical and chemical properties. From the results it can be said that the test
concrete pavement with steel slag aggregates and fly ash as binder performed very well and also
showed no durability problems.



1 EEATQI'H

H wmtdpevn téppa kot o1 oxkmpieg yolvPovpyiag etvar Prounyoavikd moparpoidvio mov mopdyovTol
0€ LEYAAEG TOGOTNTEG, TOGO GTOV EAANVIKO Y(Dpo 060 Kol og maykocuo khipoko (Bech &
Feuerborn, 2008). T6c0 yio T1g 6K®pieg xorlvfovpyiag 0G0 Kat Yo TV WTTAREVN TEPPA, Ol IOIOTNTEG
TOV LMKOV Kot 1 ovaykn o&omoinong oto péyeto ovvotd Pobpd tov  Popmyovikov
TaPOTPoiovVIoV ®Bovv mpog TV 0&l0ToiNoT TOVG GE EPAPUOYEC TOL KOTOGKELOOTIKOD TOUEN
(Akimunsuru, 1991; Berry & Malhotra, 1980). H duvvatotnta ypriong ckmpidv yervpovpyiag oe
épya 0dootpwoiog éxel damotmbel amd epguvntég oto maperbov (Emery 1982; Sherwood, 2001)
Ot mBavEC EQUPOYES TOV SlEPELVAOVTUL APOPOVY KVPIMG AGPUATOTATNTES 1| EQAPUOYEC YAUNANG
aélag o0mmg Pacelg kot vroPdoeic. Avtifeta, 1 mTdpeVn TEQPA YPNCUOTOLEITOL GE PEYUADTEPO
OACLO. EQUPUOYDV OMMG 1| TOPUY®YN TOWEVIOL KOl 1| XPNON TNG O EVOAAUKTIKY Kovia
okvpodépartog (Malhotra & Mehta, 2002, Papayianni 2001).

210 Epyactiplo Aopik®v YAIK®V peEAeTdTOL T TEAELTAIR XpOVIA 1] duvaTdHTNTA YPNoNG CKOPIOG
G AOPOVEG GKUPOOELATOG GE GUVIVAGUO LLE UTTAUEVN TEPPO MG EVOAAUKTIKY KOVIK GKUPOSEUATOC
(Papayianni & Anastasiou, 2003). Am6 v mopeia. TOV €PELVNTIKOD £PYOV TPOEKLYE OTL &ival
EQIKTN 1 TOPAY®YN TETOW®V GOKLPOSEUAT®OV Tov Oa umopodoov vo ypnopomombodv otnv
Katookevy  dvokaumtov  odootpopdtov. Etol,  amogaciotnke 1 TAOTIKA  KOTOGKELY|
0000GTPOUOTOC GO OKLPOdEUD Y10, VO HeEAeTNOel kaAVTEPH M OLVOTOTNTA EPOPUOYNG TOV
EPYOOTNPLOKAOV OTOTEAEGUATMV GE TPAYUOTIKY KAIpaKeo, 0AAG Kol 1) LaKpoypovia, avOekTikdT T
0V €pyov oTn EOopd amd T ypNon kor v Ekbeon oe ocvvBnkec TepBdilovtog (Avactaciov &
[MamadomovAog, 2000)..

H meproyn mov emidéybnie yioo TNV KOTAGKELT] TOL OPOUOV NTOV 1 O0GIKH 000C TOL GLVOEEL TN
Nopapyroxn 086 Kpvomnync-Kacsovoptvod XoAkidwkrg pe povado mopoymyns GKupoSELATOC,
ouvolkoy pnkovg 240 m ko mAdtovg 7 m. H mopeia epyacidv yio, TNV KOTOOKELYT KOl TOV
TOLOTIKO €AEYYO TOV £pYoV TEPIAAUPAVE EPYACTNPLOKOVG EAEYYOVE O OOKIUAGTIKEG EPYOTAELOKES
oLVOEGEIS OTNV TEPLOYN KOl OTN] GULVEYEW KOTOOKELT] TOU 000GTPMOUOTOC KO 0E0AGYNON NG
TOLOTNTOG TOV GKLPOOELOTOG.

2 KATAXKEYH TOY OAOZTPQMATOZ!

Mo v KoTooKELT] TOV 000CTPOUATOS ETAEXONKAY VO Yivouy V0 SOKIHOOTIKEG cLVOETELS pe
Baon pe Paon TOAUOTEPEG EMITUYNUEVEG EPYACTNPIOKEG GUVOEGELC, TPOTOTOMUEVES KATAAANAQ
avaroyo pe ta dobéoipa VAKE kot Tic cuvinkeg tov gpyotation. Tvykekpyéva, n 1" covheon
TEPIElYE MTAUEVN] TEQPO. GE TOGOOTO OAVTIKOTAGTAGNC TOV Toluéviov 50% kot ypnon adpavmv
ok®piog 6To YovepOKokKo KAAoua TV adpavdv, evd N 2" tepieiye mtduevn t€epo. 6€ T0606TO
avtikatdotaong 60% kot adpavn oKmpiog oe OAN T0 KAAGUATO TV 0OPUVAV.

To towévto mov ypnoiponomdnke frav tomov CEM 142,5 ko 1 uwtdpevn t€epa amd TV TEPLoxN
g [toAepaidag, kKatdAiniao enetepyacpévn. Kat ot dvo cuvBéoelg eiyov PEYIoTo KOKKO adpavmv
K0l 1| KOKKOUETPIKN oOvOeom ftav péca ota Opla mov mpoteivel o KTX-97, av kol otn obvheon
udvo pe adpavn okmpiog TopaTNPEITOL KPOTEPT TEPLEKTIKOTNTO, GE AETTOKOKKO VAIKO, YEYOVOG
OV TPOGOIdEL HEIMUEVT EpYAcIUOTTA 6T0 VoOrd okvupddsua (Papayianni & Anastasiou, 2005).

! H katookevn 1ov 0806TpORATOC TpaypaTonodnKe omd v etapeion Tkvpddepa Xohkducic A.E. To
€PY0 NG KOTOGKELNG TOL 0000TPpMOUOTOS evidydnke oto mpdypaupo ITAET/TIABE 99BE399 ot ta
omoteléopoto Tov [Tivdkov 1 kol 2 mepiéyovionr oty teMkn €kbeon tov épyov pe titho «A&lomoinon
Brounyovik®dv katodoitwv (okwpiag) o€ TPoIdVTO GKUPOSEUNTOC YOUNANG OVTOYNG».



Ot avaroyieg oOvBeomg Kot KATOEG 1010TNTEG TOV VOTAOV Utypdtov eaivoviot otov [livaka 1.

[Mivakog 1. Avoloyieg cuvBeonc kot 1010TNTEC VOTOD GKLPOOEUOTOC

YhvBeon 1" 2"
Yhwkd (TTeprextikdtnro) (kg/m?) (kg/m?)
Towévto CEM 142,5 140 112
Kotepyaouévn mrdpevn téppa 140 168
Appoc motapod A&ov 0-4mm 645 -
Appoc okmpiag 0-4mm - 879
Adpavn okopiog 4-16mm 615 628
Adpavn okopioag 16-31,5mm 1034 1005
Nepd 88,4 92,6
Pevetomommc (2% k.p. g Koviag) 2,8 2,8
[516TTEG VOOV piyUaTog

Epyaciotra (kdbion) (cm) 1,0 0,5
Davopevn mokvotnta vorod (kg/m?) 2757 2983

Kotd t okvpodétnon ANnebnkov wuPikd dokipo akung 15 cm, ta omoio cvvimphonkov
KatdAAnio Ko eAéyynkav wg mpog ™ Omtikn Tovg avtoy oe nikia 7 kot 28 nuepmv. Ao ta
anote éopato TPoKLTTEL OTL TapdyOnke okvpoddepo katnyopiog C16/20 kon C25/30 and v 1" kat
™ 2" oOvOeon, avtictoyo. O IMivokog 2 TePIEXEL TO. AMOTEAEGILOTO TOV TUPATAV® EAEYXMV Y10l TIG
Vo cuvbécelg, kKabmg kot Tov aplBud T@v SoKipimv Tov vroPANOnKay e kdbe dokyu.

ITivaxog 2. Avtoyn og OAiyn cvvBécemv TAOTIKNG EPAPLOYNG

, ] , ApBudg 1" Xvvbeon 2" ZhvOeon
Eidog doxkipiov Hlwcio Sokiio (MPa) (MPa)
KvPwod axpng 15 cm 7 nuepadv 4 23,31 31,79
KvPwod axpng 15 cm 28 nuepav 12 31,49 40,34

Tavtdypova, pe TNV KATAGKELT TOV TAOTIKOD TUAKOTOC TOV 000GTPOUATOS KOTOUGKEVAGTNKE KOl
Tufuo e coppatikd okvpodeua, o onoio Ba ypnoporombei yio chykpion.

3 EAETXOXZ TOY OAOXTPOQOMATOXZ META AIIO ITEPIOAO XPHXHX 7 ETQON

[Ipokeévoy va domictmbel avOEKTIKOTNTO KOl 1) EMITEAECTIKOTNTA TOV GKLPOSEUOTOC TNG
TAOTIKNG EQUPUOYNG omopaciotnke va devepyndel derypatoAnyio Kot EAeyX0g TG KOTAGTAONS
TOV 0300TPMUATOC, 7 ¥POVIQ UETE TNV TTopAdooT Tov Epyov o€ ypnon. Katd v mepiodo avtr 10
0000TPMO dEXTNKE CNUOVTIKT KuKAogopio Papiwv oxnudtov Aoy ¢ Tpdefacng mov mopeyel
0€ HOVASO TOPAYWOYNG CKUPOSEUATOS, EVM TOPGAANAL LE TO TIAOTIKO TUNUA TOL 0d0GTPMUOTOG
eA&yyeton Kot To GLUPATIKO GKLPOSEND VIOl AOYOLG GUYKPIOTG.

O éAleyyog NG KOTACTAONG TOV OO0CTPMOUOTOG £YVE HE ONTIKN TOPOTIPNGCT, POTOYPOUQIKY|
TEKUNPI®ON, dElypoTOANYio Kol gpyactnplokovg eAéyyovs. H derypoatolnyia €ywve pe ) Aqun
TUPNVOV 6 d1popeg BEoelg omd To Tpice LEPN T 0000. Tuvorikd Aednkov 14 Tupnveg, ol omoiot
UETAPEPONKOAY GTO EPYAGTNHPLO Y10 TN OEEAYWDYN TOV EAEYY®V.

To mepapatikd TPOYPALLO TOV EAEYY®V TEPIAOUPAVEL:
I.  Embewpnon ts yevikig Kataotaons To0 0000TPMOUATOS



ii.  Omukn woapotipnon Kor pwToOYPaIK TEKUNPIiwon
.  Xrepeookomikn mopatnpnon Kol TopwOES TUPHVWY
IV.  Ymoloyioudg unyavikv avioywyv mopivay

V.  Mépnon pH ka1 yAwpioviwv

Ta aroteréopoto TV ELEYY®V TapoLGALoVToL GTI GUVEYELX.

3.1 Embedpnon ¢ YEVIKNG KATAGTACNG TOV 000GTPDLOTOG

- EAéyyOnkav tpio dtapopetikd €idn odootpopdtov. To TpdTo amd TNV GLVIEST TOV
dpépov pe v emapylakn 006 Kpvomnyng-Koaoocavdpivod péxpt andéctacn 25 m
(IT-1), to debtepo amd Ta 25 M péypt ta 60 M andctacn (I1-2) kor To Tpito and ta
60 m péypt ta 90 m (11-3).

- Ta mpota dvo tpuquota eléyyov II-1 won I1-2 eivon kotackevacpéva pe adpavi
okoplog (ovvBéoelg X-1.6 xar X-1.5, avrtictoyya), eved 1o I1-3 pe ocvpPartikd
oKvpOdENa pe aoPESTOMOKA adpavn.

- To péoo mhdrtog tov dpdpov givar 6,5 m.

- Yrdpyet dwounkng apuog oe amodotaon 2,5 pe 3,0 m and to aplotepd AKPO TOL
OpOLoL, OTMG KIVOUUAOGTE Omd TNV EMOPYLOKT 000 TPOG TO £PYOGTAGLO £TOLUOV
OKLPOOEUATOGC.

- "Exovv dnpovpynBet eykapoiot appoi ava 4,5 pe 5,5 m pnkovg dpdpov.

- H d1atopn tov 0doctpdpatog mapovotdletl kiion g tdéng tov 1,5%.

3.2 OntKn mTopoTipnomn Kol GOTOYPUPIKY TEKUNPIMOT)

-Zt0 mpwto tunpae eAéyyov (II-1) mapammpovvior omobécelg youdtov Kot
AokkoOPeG oV EMPAVELDL TOV 0OOCGTPMOUATOC, EVAO M EMUPAVELOKT GOopd givar
peyoAvtepn omd vt tov tpupatog I1-2, énwg eaivetoar and to onueio cuvoeong
oV tunudtev (Ewova 1).

- Z10 debtepo Tunuo. eAéyyov (I1-2) 10 0d6cTPpOUA TOPOVOIALEL KOVOTOINTIKN
ewova pe kamoleg tomkés pBopéc (Ewdva 2). Q¢ mpog v emumedotnta Ko tnv
TOPOVGIO ACTOYLDV 1 KOTAGTOCN TOV €lval APKETE KOAY], EVO KOl 1) ETLPOVELOKT
@Bopd eivon mepropiopévn (Ewcdva 3).

-H yevikn ewova tov tunuatog eAEyyov pe ovuPatikd okvpdoepa (I1-3) eivar
pétpua (Ewova 4), pe extetapéves katd tomovg eBopég (Ewkdva 5) kol aotoyies,
evd 1 emavelakn @Bopd eivor eKTETOUEVY) KOl GE OPKETEG TMEPIMTMOELS EYEL
napatnpnOel amokOAANoN adpavmdv. Amd to onueio ovvdeong Tov Tunudtey I1-2
kot I1-3 (Ewova 6) givor upovig omtikd 1 onuavikn doeopd ot e0opd tov
000G TPMUOTOG,.



Ewova 1. Zovdeon tunpdrov 0dov I1-1 ko I1-2.
Amobéoelc yopdtov Kot Aakkovfeg oto Tupa I1-1

(kdTo pépog poToypapiag)

Ewoéva 3. Empdveio kokioeopiag tjt. 0dov I1-2 Ewova 4. Zvvolikn eikova tpipotog 0600 11-3

Ewdva 6. Aloapoponoinom 16 vog 0806TPOUOTOS
o1 ovvdeon tov TpfpoTog I1-2 (aprotepd péPog) Kot
-3 (ko de&a pépoc)

Ewova 5. Actoyio odootpdpotog tov tufpotog I1-3

3.3 Z1epE0CKOTIKN TOPATPNON KOl TOPDIES TLPHVAOV

H otepeoockonikn mopatnpnon £YIve 6 TUNUATO, TOV TUPHVOV TOV ANPONKAY amd TO 060CTPMOLUA
Kol petaépbnkav oto gpyactnpro. Ot mopnveg glyav péon ddpetpo 74 mm Kot Vyog avéAoyo pe
TO TTAY0G TNG OTPDOONG TOL 0dooTp®dpatog (180-200 mm) kot o €heyyog £ytve TOGO GE TOUN GTO (VM
Lépog (oTpmdon KukAopopiag), 660 Kot 6TO HEGO Kot TO KATM UEPOG (emapn pe Pdon adpoavadv) Kot



Yo To Tpi VIO EAEYXO TUNMATO TOL 0000TPOUATOG. Ol TOPATNPNOE TOL TPOEKVYOAV
mapotifevton otov Iivaka 3.

[Mivakog 3. X1e€pE0GKOTIKN TOPATHPNGT] TUPHVOV TAOTIKNG EPAPUOYNG 000GTPOUATOG

Eidog dokipiov -1 I1-2 .3
Aoyog , ] ,
Koviag/adpovaov Xopniog XapmAog Xapniog

Yxopila kol QUK  ZKpio Kot Alyn QUGIKY

Aentdkokka adpovi . . AocPeoctoMbika
QHHOG appog

Xovop OROKKG Xxoplo Yxoplo AcBeotoMOikd

adpovy

Avo emodvelo DOapuevn pe Aeiovg DOappévn omd TV ®Hapuévn amd mv

(6TpGr6 KOKKOLG Kot OKAOGODI LLE KuKAopopia pe
ngw 2 <) BabovAdpato tng TaENG A E10s éi/pa[zxé‘) l& , AELOOUEVOL OPOVT KO
PopLoG TV Smm H pavn OTTOKOAANGELC
Kato empdveln Xahapn dopn Adyw® Xoiapn| dour| Aoy Xahapn dopn Ady®
(emapn pe Paon) KOKNG COUTOKVAOGCTG KOKNG GOUTUKVWOGTG KOKNG COUTUKVAOGTNG
IMopmdec (Gvm pépoc) 7-9% 7-9% 9-10%
Hopoosg (ki 6-8% 5-7% 6-8%
HEPOG)
Méyeog mopov oy 2000 pm 800-1000 um 800-1000pum
TAoTO
. 2UVOMKA 1oyvpT,
Zl’)va(psux , Ioyvpn Ioyvpn KAmoleC EmaPEg etvan
mhoTog/ adpavmv .
TPOPANUOTIKEG
. . Mébvo 6T0VG KOKKOLG 1o aépa\’/n ORMPLAG Kt Xe Myeg Béoelg
[apovocio ardtov f og uKpo Pabud oy .
okwpiog ot GLVOAIKA
Eu(paw(;srm' Lovn Zovn naxoug,lo,—ZOpm Epghvion
TEPYETPIKE TOV TEPYETPIKE Alyv .
Adhe , Sovd ] Spovd ; MKPOPOYHAV Ko
¢ mopatnpioels  adpavdv okopiag kot adpavdy okoplogkar - e e L s e
o&eidmon o€ Kamo10Vg un o&eldmpéva nosa P
. . ; KOTé TOTOVG
KOKKOLG UeTaAlKd ototyela

A6 T GLVOMIKY] EIKOVA TOV JELYHATOV SOTIGTMOVETAL 1] GUVOMKE KOAT EIKOVO TV GUVOEGEWDV e
adpovy oK®PIaG, EWOIKA OGOV aPOPE 6T GUVAPELD AOPUVAOV-TACTOC LETH Kol amd TV eOopd Adyw®
kv opoprakod eoptov (Ewova 7). Avtifeta, 1 mopovsio dAdT®V 6TOVG TOPOVG TG CKMOPIag Eival
apketd cvvnbopévn (Ewova 8).



L‘&!.’ o P S -
Ewova 7. KaAf cuvageio Taotoc — adpavov Ewova 8. Epedvion oldtov og Tépovg adpavmv
okwpiog (61epe0cKOMTIO X8) okopiog (o1epeockdmIo X8)

3.4 YTOAOYIGHOG UNYOVIKDV OVTOYDV TUPHVOV

O mopnveg vroPAnOnkav oe Eleyyo avtoyng o€ OAiym kot didppnén. I'a tn dievépyela Tov EAEYyOL
avtoyng og OAlY” ta Sokipa KOTNKAY doTE v TPOoKOYEL Adyog HYOLs TPog SIAUETPO 160G pe 2 Kot
ot ovvéyeln emmedmdnkov pe plypo omd Beidor ko micow, cvpeova pe tov KTX-97. X
GUVEYELD, VIOl TNV OVTIOTOIYION TOV OVIOYOV TOV TUPNVOV UE OVTOYEG KVAWVIPIKGOV SoKIUimV
ypnoonodniay ot cuvtereotég g Tpodiaypapng EAOT 344. o cuykekpiuéva, TpoPréneton
ovvtereotng Ly, oV avagépetal 6to Adyo Hyouvg mpog didpetpo (H/D) twv dokiiov, cuvteAeoThg
L,, mov ovogépetor otn OGUETPO TOV SOKIWIOV Kol GUVTEAESTNG L4, TOL avopépeTon ot
GLVTHPNOT KoL TNV LYpacio Tov ckvpodépatoc. Etot, pe m yprion tov cuvtehestov Ly, Ly ko Ly
1 OVTOYN TV TUPHVOV OVAYETOL 68 16000vVaun avtoyn KuAivopov 15x30 cm. Exniong, pe ) xpnon
evog akopo ovviedeotn (L3), m avtoyn avdyetol oe 1codvvaun avtoyn koPov 15x15x15 cm
(MMivakoag 4).

[Tivakag 4. AvticToiyion avtoyng Tupivev Le 160duvaun avtoyn kKofov 15x15x15 cm

Avtoym Io.Avtoyn Io.Avtoyn
Tuguo D H HD mpive L1 Ly Ls wvkivopov L KOBoL
ehéyyov (cm) (cm) (MPa) (MPa) (MPa)

n-1.1 7,42 1500 2,02 3508 1,002 0,94 1,03 34,0 1,157 39,4
n-1.2 742 1471 198 2574 0,998 0,94 1,03 24,9 1,182 29,4
m-2.1 742 1498 2,02 3335 1,000 0,94 1,03 32,3 1,160 37,5
m-22 742 1444 195 3499 0,99 0,94 1,03 33,7 1,158 39,1
m-23 742 1255 169 3844 0975 0,94 1,03 36,3 1,149 41,7
n-3.1 7,42 1500 2,02 27,80 1,002 0,94 1,03 27,0 1,176 31,7
-3.2 7,42 1500 2,02 28,14 1,002 0,94 1,03 27,3 1,174 32,0

O TeMKEG OVTOYEG TV GLVOECEMY TOV 000GTPMUOTOS CLUYKPIVOVTOL LE TIG OPYIKES OvTOYES 28
nuepadv tov Iivaka 2. Ltovg vTOAOMOVG TVPNVES LETPNONKE 1 QOIVOUEVT] TUKVOTNTO KOl GTN
ocuvéyel voPAnOnkav oe €ieyyo avioyng oe owappnén. H dudwacio amokomng tmv mupnivov
umopel va TpokaAécel S1atapasn Tov GKUPOSEUNTOC KOl VO, EXNPEAGEL TIG UNYOVIKES TOV 1O1OTNTEC.
Emniong, oopewva pe tov EN 12504-1, ot moprveg dwapérpov 100 mm divovv 17% vymiotepn
OVTOYN O€ OYE0T LE TOVG TUPTVEG StapléTpov 50 MM, omdTE KATL AVAAOYO avapEVETOL VO GUUPATVEL



Kol JE TOVG TLUPNVES SOUETPOL 74 MM, TTOVL ¥PNOUOTOMONKAY GTN SEIYUATOANYIN TOV TIAOTIKOD
0000 TPOUOTOC. AQUPAvVOVTaG VTTOYT| TA TOPATAV®, TO ATOTEAEGLLOTO TOV EAEYYMV TV UNYOVIKOV
WOOTTOV TOV TUPHVOV Qaivovtal otov [Tivaxa 5.

ITivakag 5. Mnyavikég 1010t teg TUPNVAOV GKUPOIERATOS 000GTPMGIAG NAMKING 7 ETMV

Tunqpa edéyyov IT1-1  Tpnuo edéyyov I1-2  Tpnpo ekéyyov I1-3

Eheyxog (1" ohvOeom) (2" ohvOeon) (Zvupatikn odvheon)
dawvopevn mokvoTTo 2781 2665 2342

(kg/m?®)

Olmticy avToyn

o s 30,4 35,6 28,0
Icodvvaun Ohmtikn

vt K5Bo (MP2) 34,4 39,4 31,9

Avtoyn oe diGppnén 2,21 3,02 1,44
noprvev (MPa) ’ ’ ,

3.5 Métpnon pH kot Yroptoviov

Mo v extipmon g KaTtdoTaons Tov 0006TPMUATOS EAEYXONKAY 1 TEPLEKTIKOTNTA GE YA®PLOVTO,
Oeukd, To pH oty emedveln Tov okVPodEpaTog kot o€ fabog 10 cm arnd avtrv. Eniong, o fadog
g evovOpdrkmonc puetprdnke pe tn ypnon dwAvpatog pavoropboieivng (ITivakag 6).

[Tivakog 6. EAeyyot ynuikdv 1010THT@v 0806TPAOUATOS

TuAua eréyyov I1-1  Tpua eléyyov [1-2  Tunquo ekéyyov I1-3

Eheyrog (1" 6hvOeom) (2" ohvOeon) (Zvppatikn cvvheon)
pH oV emeaveia 10,60 10,76 10,48

pH o710 gcmTEPIKO 11,04 11,19 10,73

Cl" oy emoavewa (% «.p.) 0,24 0,05 0,03

CI" oto gomtepixd (% «.p.) 0,03 0,03 0,02

SO, oy emodvela (% 034 048 038

K.B.) 1 ) L)

SO, o710 gowtepikod (% «.B.) 0,60 0,65 0,43

Bdaboc evavOpdxwong (cm) 0,50 0,50 0,50

Ao T0Ug EAEYYOVG OaVOEKTIKOTNTOC (aiveTol HKpO Pabog evovOpdk®oNe Kol IKOVOTOWTIKA
TPOCTOGIO, TOV GKVPOOELOTOC aTto dGPpwon).

4 AZEIOAOT'HXZH - ZYMIIEPAXMATA

ZYETIKA LE TIG CLVOEGELG TOV EQOPUOCTNKAV GTO 000GTPMUA, LETPHONKOV 01 avtoyéc og Ay ot
nikio 7 ko 28 nuepaVv, eV UeTd amd 7 €T vIoloyioTnke 1 1odvvoun OAmTikny avroyn kbHPov
amd TOvV £AEYYO OMOKOMTOUEVOV TUPNVAOV, OTMOC Kol 1) avtioTolyn ovToyN TOL CuUPaTikoD
000G TPMOLOTOC TOV KATOOKELAGTNKE TOVTOYPOVA.

Ao to Adypappo 1 gaivetar 6Tt 7 ¥pdvio, LETE TNV KOTOGKEVT TOV TO 000GTPM®LLO dloTnpel Ta
enimeda ovTOXOV TOV, Ta 0Toia eival LYNAOTEPO amd T AVTIGTOLY TOV GLUPOTIKOD GKLPOSELATOG.



W xovia 270 kg/m3, 50% utt.tédpa, xovdpoxkoxkka adpavr oxwpio (2-3.1)
M xovia 270 kg/m3, 50% wnt.tedpa, xovdpoxokka adpavn okwpia (2-3.1)

M guppatikn ouvBeon
45

40,3 39,4

40 -

35 31,8
30

25 +

15 -

OAuttixn avroyn (MPa)

10

7 NuUeEpwy 28 nuepwy 7etwy

Abrypappa 1. Avéntoén avioydv cuvOEcE®mV TAOTIKTS EQAPHLOYNG

To onuavtiKOTEPO, OUMG, ELPMUO TOV TPOEKVYE OTO TOV EAEYYO TOV 000CTPAOUATOG UETH omd
ypfion 7 et@v givar OtL, mWapOAn TV KukKAopopia Papimv oyNUAT®OV OTNV ETQAVELL TOV,
Swtnpnonke oe eEopeTIKn KOTAGTAON Kol dev mapatnphionkay S10YKOoeES, o avtifeon pe to
oLUPATIKO 00OGTPOE, TTOV EULPAVIGE CNUOVTIKEG POYUES KOL ATOKOAANGELS VAMKOV.

Méom NG GTEPEOCKOMIKNG TOPATHPNONG TOL dlevepynOnke oe Tupnveg amd didpopeg BEcelc Tov
0000 TPOUOTOGC SOMOTOONKE UIKPT EMPOVELNKT (Oopd amd v KukAopopia, TOAD Kpd Pabog
evavBpdakwong (0,5 cm), koko mopmddeg (5-7%) kar 1oyvpn cvvdeela Tactoc/ adpovav. Exiong, pe
T pétpnon tov pH, tov yYlopéviov Kot tov Beikodv, TO60 KOVIH oTNV ENUPAVELL, 0G0 KOl GTO
E0MTEPIKO TOV GKLPOSEUNTOS, OOMIGTAOVETAL OTL TO LIAPYEL IKAVOTOUTIKY] TPOOTOGia amd TNV
gvavOpakmon kot GAAOVG SPPOTIKOVS TOPAYOVTEC.

Awmotdverol, Aomov, OTL T0 OKLPOSEUN LE adpovi) OK®PIOG KOl WTTAUEV TEQPO, TOL oV
£PapUOOTOVV TO KprTipto, cvupudpemons tov Kavoviepov Teyvoloyiag Zxvpodipatog (KTZ-97)
v Tig OMTTIKEG avtoyég kOBov 28 nuepdv, eumintel oty Katnyopia C16/20 yio v 1" chvBeon
kot oty katnyopic C25/30 yio T 2" ovvBeon, eppavilet moAd KOA AETOLPYIKOTHTO KoL
avOeKTIKOTNTO HETE amd TTepiodo ypnong 7 eTav.
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Abstract

In a time, in which natural resources run short and prizes are increasing, the efficient use
of resources is a prerequisite for sustainable steelmaking in the future.

As an example of selected by-products of iron and steelmaking, different means of efficient
use of resources will be described.

Slags from metallurgical processes are used to a high amount on different fields of appli-
cation. They are widely used on applications in the building industry as well as fertilisers,
at least. However, also these by-products have to be improved to assure their sustainable
use. The treatment of liquid slags, outside of the production process changing their com-
position, will lead to interesting new properties of the newly formed products and thus
guarantee their use in the future.

Dust and sludges from offgas cleaning of metallurgical processes will become also an im-
portant resource for coating and alloying elements. The very important element Zn for sur-
face coating is increasing in the dusts, due to the recycling of Zn coated scrap. On the
other hand Zn is also an element running short in the future, so that recovering of Zn from
dusts and sludges will be necessary in the future. To improve the efficiency of Zn recovery
a dust recycling process has been developed for EAF steelmaking by FEhS-Institute.
Some interesting side effects are supported by the dust recycling. It has been proved that
the slag foaming can be enhanced by dust recycling, even for stainless steelmaking proc-
esses.

Finally it can be shown, that recovery of valuable elements from residues of iron and
steelmaking is becoming more and more important. New developed processes are ready
for their implementation into the daily steelmaking practise.

1 Introduction — The use of steelmaking by-products a forward looking concept

The recycling of by-products in the steel industry is not a fiction of the modern time. Early
in the beginning of the production of metals, the use of slags as a source for earthworks
has been reported. With the extension of the steel production the amount of slags and
other residues increases and the forces to utilise the materials become more intense. In
the recent past the shortening of raw materials exert additional pressure on a better utilisa-
tion of raw materials. Eventually, due to the specific high volume of residues arising during
steel production, the need to utilise these materials more effectively becomes a prerequi-
site for sustainable steel production.

Today’s practice in the steel industry world wide is to reduce the amount of residues gen-
erated and to use the remains a products on high quality levels.

In the following some examples on the efforts to reduce the amount of generated wastes
and on the use of by-products in the German iron and steel industry will be given.



Use of blast furnace slag in Germany Use of steel slag in Germany
Production 2007 : 8,35 Million tonnes Production 2007: 6,51 Million tonnes
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Figure 1: The use of iron and steel slags in Germany in 2007 [1]

2 Generation and use of iron and steelmaking slags in Germany
2.1 Generation of slags

In Germany the recycling of iron and steel slags is on a high level. The recycling rate of the
slags is over 90 %. Figure 1 shows the utilisation rate for iron and steel slags in Germany
[1].

In Germany 2077 about 14,8 Million tonnes of iron and steel slag have been produces.
The production of hot metal has been increased in the recent years and thus the produc-
tion of slag increases, too.

About 8,35 Million tonnes of blast furnace slag have been produced, 80% as granu-
lated blast furnace mainly as main constituent in cement. It is expected that this fraction
will be further increased in the future. It is to point out that all the produced blast furnace
slag is used in Germany. No blast furnace slag is dumped.

The demand for granulated blast furnace slag for cement is higher than the production.
The main reason are the energy savings, compare Figure 2, saving of natural resources
and the costs for CO,-certificates. The use of blast furnace slag in cement reduces the
discharge of greenhouse gases like CO», Figure 3 [2]. Increasing use of the slags reduces
the energy input necessary for the production of cement, since the energy intensive pro-
duced clinker in the cement mixture will be reduced. The savings of CO, are more distinc-
tively. For the production of clinker burning heat is necessary provided by the firing of fossil
fuel or by fuels prepared from residues. During limestone calcination, CO; is dissociated
from the limestone and leave the furnace with the off gases. Thus using less clinker for
cement production directly results in producing less CO,-emissions.

On the other hand blast furnace slag cement offers some important properties which en-
hance the durability of concrete, such as resistance against sulphate attack, high density,
just to name some. Today the average use of granulated blast furnace slag in cement is
about 65 % to 75 % in Germany.

The increasing use of granulated blast furnace slag in cement is a result of the intensive
research of the FEhS-Institute.



New European developments are targeted to use the ground granulated blast furnace slag
directly as addition in concrete. FEhS-Institute is investigating the exchange factors for the
use of ground granulated blast furnace slag according to the cement savings in concrete.
Although this application is used also in some European countries, the result especially on
the durability of such concrete is still not investigated, sufficiently.

Environmental Effects
CO, and other gases: Ecological advantages of GBS

CEM [32.5 R (@ = 100 %) CEM 11/B-S with 30 % slag (@ = 76.0 %)

39.6 % 60.4 % 44.4 % 55.6 %

39.8 %

51.1% 60.2 % “ %

CEM III/A with 50 % slag (@ =59.1 %)  CEM III/B with 75 % slag (@ = 37.9 %)

48.9 %

@ Thermal energy
@ Electrical energy
Figure 2: Effects of the use of granulated blast furnace slag as
main constituent in cement on the enerav demand for cement
The production of steel slags is high in 2007 due to the high steel production, Figure 1.
Compared to the years before the demand on slags for building purposes is high, too.
Therefore the amount that has to be dumped is lower as in the recent years. However, not

Environmental Effects
CO, and other gases: Ecological advantages of GBS

CEMI325R (@=100%)  CEM II/B-S with 30 % slag (& = 72.2 %)

52.8 %

31.3% 54.4 %

30.4 %

16.9 %
14.3 %

29.4% 26.4 %

51.0 %

‘ 45.8 % @

19.6 % | 27.8%

CEM IlI/A with 50 % slag (@ = 53.3 %) CEM IlI/B with 75 % slag (@ = 29.7 %)
@ calcination: 0.55 t / to
. Electr. energy: 651 g/kWh
. Therm. energy: 331 g/kWh

Figure 3: Effects of the use of granulated blast furnace slag as
main constituent in cement on the CO-»-emissions durina cement



only the high demand on building materials is reasonable for the good results concerning
the use of slag. In the last years the producers as well as the processors of the slag have
made considerable efforts to improve steel slag quality. The slag which cannot be used
today, is the fine grained slag, which is difficult to use in the building industry as well as in
metallurgy. Only a small amount is used as fertiliser or for special applications in earth
work or as deposit capping. The amount of fertiliser sold in Germany has achieved a level
which has not been reached since 15 years. Compared to the level 15 years ago where a
broad variety of fertilisers had been offered, today it is only converter lime in a grain size of
< 3 mm and with a humid content of about 10 % to 20 % water. It is expected that this
market is developing further. Especially with the background of shortage of phosphate
which can be used in agriculture. The phosphorous content in the slag fertiliser is only in a
range of 1 % to 2 %, but it is suitable for plant to take up. Future research will be carried
out with the target to increase the phosphorous content in the slag. This treatment has to
be done in the slag pot to avoid contact of the steel with phosphorous.

2.2 Application of steelmaking slags

Approved and traditional fields of application for BOF and EAF slags are: road construc-
tion, waterway construction, fertiliser and if suitable to a small amount as aggregates for
concrete. Each of the fields has special demands on the quality of the slags. The highest
demands on mechanical properties as well as on the volume stability are required for the
use in concrete structures. For the use as fertiliser, however, a low content of heavy met-
als is required.

The raw slags are processed to comply with the special demands of each field of applica-
tion. However, increasing demands on environmental behaviour might restrict the use of
by-products as construction materials.

Concerning to the good mechanical properties the use of steel slags as aggregates for
road construction is possible. The limiting factor is the sometimes insufficient volume sta-
bility of the slag due to its free lime content. The reaction of free lime with humidity or wa-
ter forms the hydroxide causing an increase in volume [3].

For further description the use of BOF slag as an example is chosen.

Limiting factors for using the BOF slag are:

- The recycling of slag into the metallurgical circuit is limited due to requirements on the
phosphorous content of the steel,

- The amount of slags used as fertilisers in agriculture depends on the market situa-
tions. Since fertiliser have low market value, transportation over long distances is lim-
ited. Furthermore there is a strong competition to natural lime stone fertilisers (al-
though the market for liming agents is expected to increase in the future);

- The utilisation on applications in road construction with less requirements on the qual-
ity of aggregates, i.e. for unbound layers in roads, ways and parking areas, will be in
competition to other industrial residues which cannot fulfil higher quality demands;

- Increasing demands of environmental legislation might restrict the use of by-products
as construction materials, additionally.



Recently on most of these fields competitive materials from wastes of other industrial ori-
gin infiltrate into the traditional markets for steel slags. That requires the development of
new markets for the slag on fields of high quality demands, which cannot be fulfilled by the
other industrial by-products to ensure the utilisation of the slag in the future. But, in con-
trast to this, the potential of iron and steel slags is not fully exploited, yet. Therefore new
treatment processes to improve the quality of steel slags are required.

The target of the efforts of the steel industry has to be to improve the utilisation of slag by
improving their properties. The amount of slag that has to be deposited, due to its small
grain size, has to be minimised in the future.

3 New developments to increase the quality of BOF slags

Improving the volume stability of steel slag its use can be extended on fields of application
with high demands on volume stability. The main reason for the insufficient volume stability
is the free lime content in the slag, as already stated. To overcome this problem
ThyssenKrupp Stahl AG and FEhS-Building Materials Institute have developed a treatment
process for liquid BOF slags to bind the free lime content into stable slag phases [4].

The principle of this process is to bind the free lime and the free MgO into a stable matrix
of calcium silicates and ferrites. This can be achieved by the addition of SiO, containing
materials, such as quartz sand but also by glass cullets and spent foundry sands. The
treatment with quartz sand is the most efficient, since the amount of SiO, is high and no
other components will cause side reactions.

The amount of sand addition depends on the calculated free lime content of the slag,
which is calculated by the process system computer, regularly. The chemical analysis of
free lime would require too much time. The process is started manually. The treatment
process itself works fully automatically. On average an addition of about 130 —140 kg sand
It liquid slag together with an oxygen consumption of about 0,8 — 1 m31t of slag is needed
to reduce the slag basicity from 4.5 to less than 3 in order to produce a slag with less than

oxygen—f sa?nd O,+2FeO Fe,0, + energy
(C2) (5102) a0, +8i0,  2ca0xSi0,

2 Ca0q,, + Fe,0, 2Ca0 x Fe,0,

by injection of sand and oxygen:

=» additional heat is generated

- to keep slag liquid

- to heat up and dissolve the sand
=» Ca0/SiO, is reduced

=> free lime is dissolved and chemically

L F bound
Figure 4: Treatment of liquid BOF slag to bind free lime into stable slag compounds




2% of free lime in the solid slag.

The treatment starts with the blowing of oxygen to open the slag lid followed by co-
injection of quartz sand plus oxygen.

In Figure 4 a schematic drawing of the process is shown. The quartz sand is injected
pneumatically into the slag pot. The sand is transported by N,. The necessary oxygen is
added in the cone of the dispenser. Oxygen is required for the treatment process in order
to supply additional heat by chemical reaction to solve the added sand, totally and to keep
the slag liquid.

3.1 Properties of treated slag

3.1.1 Mechanical properties

Characteristics: Un-treated Treated BOF-slag
BOF-slag [sand treated treated with
glass cullets
Basicity CaO/SiO, 35-6 2,26 2,22
Free lime wt.-% 7-20 <2 <15
gi"z" gqemnsny Sizet) grome | 3,470 3,547 3,498
?F()Jg\sll;ed Stone Value 50-53 5354 58
Impact test SZ8/12 wt.-% 15,9 15,9 11,3
Impact tes_t Sz8/12,H Wt-% 18 16,7 138
(after heating)
SZ8/12 - S78/12,H wt.-% 2,10 0,8 0,5
\Water absorption wt.-% >1 1,72 0,423
Fr(_eez_e-thaw-change: W% 0.9 0.9 02
chipping <5 mm
Bulk density g/cm3 1,6 1,62 1,57
Expansion test (168 h) | vol.-% | >5-20 15 15

Figure 5: Properties of BOF slag — untreated slag
compared with slaas treated in the process according

The treatment of the liquid BOF slag with sand or other SiO, materials is successful. The
free lime and as far as it can be observed from the treated slag also the free MgO are fixed
into stable slag phases after solidification. Microscopic investigations confirm these results.
The free lime content is less than 2% for the treated slags, Figure 5. The volume stability
of the slag is improved.

Treated BOF-slag has nearly no volume increase in the steam test described in EN 1744
[5]. The treated slag has excellent properties and can be used on fields of application with
high quality demands.

Different tests have been performed to show the good properties under practical condi-
tions. Aggregates have been used as chippings for asphalt, where the material itself
shows the same performance like materials from high quality natural stone.



Even the use of the treated slag as aggregates in concrete paving stones has been suc-
cessful.

Stones for the applications in waterway construction must fulfil requirements like high spe-
cific weight, resistance against braking of waves and of cause high volume stability. These
demands are fulfilled by the treated slags. Tests fields show that the treated slags are
comparable or even better then the highly valuable natural aggregates of basalt and dia-
base.

3.1.2 Environmental behaviour

Also the environmental compatibility has to be determined by testing relevant parameters
as shown in Figure 6. Long term experiences confirmed that only a reduced number of
parameter must be determined to control the environmental compatibility. The given val-
ues are for the slag used in the application with highest quality demands. After having
made an initial investigation on the leaching behaviour of the BOF slag further investiga-
tions has to be carried out regularly only on such parameters relevant to the environment

Parameters BOF slag

2 pH-value * 10 — 13

= Electric conductivity mS/m 150 2

@ Cr ges. mg/| 0,03

% Vv mg/l 0,05

i F3 mg/l 0,75
! No limiting value, typical material range; if exceeded the reason is to in-
vestigate

2 exceeding alone is no exclusion criterion
3 only necessary if F is used in the process

Figure 6: Leaching parameters for BOF slag class 1 to be used in road
construction
for this material, Figure 6. Of course, the number of parameter to be investigated is re-
duced, the lower the requirements on ground water protection. By this the necessary
chemical analysis is limited in daily operation.

The example shows the values only for an application in areas with high demands on the
leaching behaviour of products. The values of Cr, V and F can be higher in areas with less
requirements [3].



3.2 Application of treated slags to the wear course of a road

In laboratory investigations the treated slags have shown high resistance against abrasion.
It is of importance, however, to examine this behaviour of the slag mixtures in the road,
too. Besides a good abrasion resistance the skid resistance is important for the safety of

Results of the sideway force coefficient routine investigation
measurements (SCRIM) at 80 km/h
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Figure 7: Skid resistance of test fields in a road with treated steel slags
as mineral aggregat

the traffic on the road.

This is measured by the so called sideway force coefficient routine investigation meas-
urements (SCRIM). After six months the targeted value of the SCRIM value has reached
the expected values, Figure 6 [3]. The increase of skid resistance by the time is due to
abrasion of the films of the binder from the surface of the aggregates. This is an example
for increasing the safety of traffic on roads, since high skid resistance results in short brak-
ing distance.

Besides our own experiences in using steel slags in road construction, same experiences
are reported from other countries. The use of steel slag in the wear court in a road extends
the life time of the roads. It is reported that the life time of road build totally with steel slags
is extended by about 2 to 5 years, depending on the traffic load of the road. Several coun-
tries make use of these experiences, already.

4 Slag from secondary metallurgy

Slags from secondary steel metallurgy are often composed of calcium-aluminates with
partly high CaO and MgO contents. Due to the disintegration of the slags owing to the
change of modification of dicalcium silicate, the handling and processing generate distinct
dust problems. For the fine grained material, however, the use in the building industry is
limited.

One possible solution is the stabilisation of the slag by adding stabilisation elements, such
as boron. Disadvantageous are the costs for boron oxide and the required handling for the
homogenous addition into the slag. Finally, owing to the high MgO this material may con-
tain some problems, due to volume stability, From this point of view such material is not
usable as building material.



The recycling of secondary slags into primary steelmaking or into the blast furnace is a
second chance to use these materials. Within a project supported by ECSC different recy-
cling routes have been investigated, mainly for EAF steelmaking.

The recycling of liquid slag is possible if the logistical prerequisites are given in the steel
shop. But mostly is it not possible to transfer the casting ladle with liquid slag back into the
BOF shop’s charging area. Therefore FEhS has investigated the recycling of the solid slag
into the metallurgical cycle of the steel shop. In the early state of the recycling project it
has become clear, that the recycling of the material into the BOF converter is not advanta-
geous. Secondary steel slags contain considerable amounts of sulphur. Although the sul-
phur capacity of the slag is not fully exploited, steel workers refused to take this slag into
the converter as flux. Thus FEhS investigated the use of this slag in the blast furnace. The

Recycling of solid materials into the EAF
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Figure 8: Recycling procedures for slags from secondary steel metallurgy
tested in EAF steel shops
coarse material has been brought to the blast furnace burden without any problems. But
most of the material has been fine disintegrated powder. One possibility will be taken into
account to improve the liquid blast furnace slag as already presented in the beginning of
the report.

The recycling of secondary metallurgy steel slags in EAF steel works has been examined,
too [6]. In the research different ways to recycle liquid slag as well as the solid slag have
been studied. In Figure 8 the different routes to recycle solid slag are shown.

The aim of a recently finished ECSC project has been, to use the secondary steel slag,
totally. Each of the presented routes in Figure 8 is possible, but not always also economi-
cally. The recycling of coarse particle result in the highest benefits. After screening, the
material is charged with the scrap basket into the EAF. Under the consideration of an ex-
change of lime it is necessary to replace one part of lime by two parts of slag. There has
been no negative effects on the sulphur content, neither on the energy consumption. On
the contrary it has been observed that melting behaviour and the foaming of the slag has
been enhanced, especially when mixing the slag with spent refractories.



With the protection of the described advantages it is possible to recycle about 45 % of the
generated secondary steel slag before reaching the break even point between the costs
for slag processing and lime. The benefits are on the one hand the reimbursement for the
lime and the reduction of CO»-emissins on the other hand. Furthermore the natural re-
source limestone is exploited more intensive and space for dump side is saved. This is a
contribution to sustainable steelmaking in the future.

5 Treatment of EAF slag from stainless steel production

In stainless steel production, raw material costs dominate the total production cost for the
primary product [7]. Since chromium is one of the major constituents of stainless steel, it
also represents a large portion of the raw material costs. Consequently, a high chromium
recovery is essential for overall process economy [8].

During melting of scrap in the Electric-Arc-Furnace (EAF) chrome is oxidised into the slag
to a great extent. Therefore a reduction step is necessary for both the recovery of the
chrome and to improve the environmental behaviour of the slag. Therefore, the reduction
step in EAF stainless steel production has two important effects on its economy. Reduction
of chrome in slags from stainless steelmaking is a presumption for further utilisation of the
slag.

Nevertheless, it is not possible to reduce all the chrome from the slag, economically.
Therefore it is necessary to bind the remaining chrome content in the EAF-slag into stable
mineral phases to suppress the leaching of chrome from the slag. This target can be real-
ised by modification of the liquid EAF-slag. Fluxes forming mineral phases of the spinel
type are most suitable [9].

5.1 Laboratory tests

In laboratory tests to reduce chrome from EAF slag, no significant dependency between
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Figure 9: Results of laboratory tests on adding MgO, Al,O3; and FeO to liquid
slags on the leaching of chrome

chrome content in slag and leaching behaviour of the slag had been determined. This is
the reason why FEhS-Institute decided to make further investigations to stabilise chrome
in the slag. Evaluating several slags from stainless steelmaking from different steel works,



which use different process performances, different slag reduction practices, and different
slag formers, there has be a hint, that some of these influencing factors will have conse-
guences on the leaching behaviour of slag.

Therefore, the further research was targeted on fixing the remaining chrome content in the
EAF-slags into stable mineral phases. The results of the following laboratory investigations
to fix the chrome into stable slag phases have shown a relationship between the MgO-,
Al;Os3-, FeO,- and Cr,03-content in the (reduced) EAF-slags from stainless steelmaking
and the leaching behaviour of chrome from these slags (Figure 9).

Systematically investigations on the slag’s mineral composition have shown an increase of
spinels in the slag matrix. Chrome is bound into these spinel phases, which are stable
compounds in the slag. The formation of spinel types Me'O*Me,"O3 (where Me' is Mg?*,
Fe?* and Me" is Fe**, AI**, Cr®*) will result in strong binding of chrome and the Cr-leaching
will be decreased to very low values. Thus, the research has been targeted on finding ad-
ditions to the liquid slag, which will induce the formation of spinel type phases in the solidi-
fying slag.

Especially for EAF-slags from stainless steelmaking a proportional factor has been intro-
duced to describe the influence of the different compounds in the slag on the binding effi-
ciency of chrome into stable slag phases and so on the leaching behaviour of chrome, re-
spectively. The so called “factor sp” summarised the influence of the most important spinel
forming compounds in the reduced EAF-slags:

factor sp = 0.2*MgO+1.0* Al,O3+n*Fe0,—0.5*Cr,03 [%-wt.] (1)
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Figure 10: Chrome leaching from reduced EAF-slags from high
alloy steelmaking versus ,factor sp*

(where n depends on the oxidation state of the slag).

Figure 10 summarises the dependency of the leachability of chrome from reduced EAF-
slags from stainless steelmaking on the “factor sp”. By this factor it is possible to estimate
the leaching behaviour of a slag from stainless steelmaking by knowing its composition.
On the other hand it is possible to estimate the effects of adding spinel forming agents to
the liquid slag on the leaching of chrome [10].



5.2 Tests in a steel shop at the EAF

With the knowledge form lab tests operational tests started at a stainless steel producer’s.
In lab the influence of iron(ll) and alumina- has been most successful. Therefore the tests
started by the addition of bauxite during tapping of steel and slag into the transfer ladle
which is practice by this steel works. Slag samples from the slag yard show, that due to
the homogeneous distribution of Al,O3 and FeO, in the slag the solving of bauxite into the
slag had been complete. Owing to the resulting contents of Al,O3 and FeO, in the slag the
“factor sp” has been increased up to more than 15 %-wt.. Consequently, the examination
of the leaching behaviour of the slag according to the German leaching standard DIN
38414-4 S4 showed, that the leaching of chrome is decreased to the detection limit. Thus
this first in-plant tests confirm the relationship expressed by the developed “factor sp”.

The first treatment of liquid slag in the transfer ladle by addition of bauxite has been exhib-
ited the feasibility to optimise the EAF-slags from high alloy steelmaking with respect to
their environmental behaviour. The good technical properties of the slags are not changed.
The aim to bind the remaining chrome in the slag into stable spinel phases has been
reached.

But some new discoveries have been gained concerning to the addition practise. The point
of time of adding the treatment agent is important for the effort. The most suitable point of
time is when the transfer ladle is filled to one third. This guaranties a good mixing in the
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Figure 11:. Results of the pilot operational tests at a steelwork: Relation-
ship between different compounds in the slag, “factor sp” and the chrome

ladle. Also very important is the grain size of the material to be added. Best results will be
achieved with materials with a small range of grain size, e.g. 3 — 8 mm.

The achieved effort allowed to plan additional tests in a pilot scale at a steel shop of a
stainless steel producer. Since the addition of bauxite to a low value product “slag” seems
to be too expensive, other suitable materials has to be used. Due to the experiences in
laboratory and the good results from the first tests at the steel shop, residues with high
alumina content have been chosen for further tests.



Different mixtures of oxide material have been investigated, and finally a material called
TE (75-85 %-wt. Al,O3 and 10-20 %-wt. SiO;) has been selected, which seems to be suit-
able for the treatment of EAF slag. The grain size of the TE was 3 - 8 mm. This material
has been tested at the EAF of a stainless steel producer. An installation to add alloying
agents to the steel during tapping has been revised, in order to use it for the addition of
spinel forming agents into the slag at tapping.

The first transfer ladle has been filled up nearly “slag-free”, and during tapping steel and
slag into the second transfer ladle the spinel forming agent has been added. The small
amount of untreated slag in the first transfer ladle has been sampled as reference. Addi-
tional, the treated slag in the second transfer ladle and in the slag pot have been sampled
to determine the effects of the addition. The amount of the addition has been calculated
according to the “factor sp” and the actual EAF-slag composition.

According to the treatment the Al,Os-content and therefore the “factor sp” is increased in
the slag (Figure 11). Due to the added SiO, in the mixture, the basicity CaO/SiO; in the
slag is decreased to about 1, which is corresponding with better technological properties,
as shown later. The most important effect, however, is the leaching of chrome. In accor-
dance with the earlier investigations it can be shown that a high “factor sp” will result in low
chrome leaching (Figure 11).

At the end of five test campaigns with the oxide mixture TE (Al,Os-containing material) to
treat the EAF-slags 10.000 tons of optimised EAF-slags with sufficient environmental and
technological properties have been produced.

The treated slag is volume stable. A disintegration due to the dicalcium-silicate transforma-
tion (a- = y-C,S) must not be taken in account, since these treated slags have basicities
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CaO/SiO; less than 1,5. The free lime content in the treated EAF-slags is negligible, so
that no volume increase due to Ca(OH), can occur.

The strength of the treated EAF-slag from stainless steelmaking is similar to that of EAF-
slag from carbon steelmaking. In Figure 12 the mechanical properties of the slag concern-
ing to strength and abrasion are presented. A low value for the impact test describes a
slag with high strength. A high PSV-value describes a high abrasion resistance. Addition-
ally the slag shows high “SCRIM-values” which stands for a good grip of tyres on the
street. Taking all the results together shows that the treated material is a high valuable
material.

5.3 Results in other EAF-steel shops

Recently results on the application of factor “sp” from Finnish stainless steel producers
have been reported [11,12]. The calculation of the factor “sp” allows the steelworker to
predict the environmental behaviour of the slag. Thus he is able to manipulate the compo-
sition of his liquid slag in order to produce slags with low chrome leaching. The found rela-
tionship of factor “sp” and chrome leaching from stainless steel EAF slags has been con-
firmed.

6 Dust generation and the use of dust

In figure 13 the dust generation in Germany of the different production units is shown. The
differentiation is important, since the use of the dusts from the units vary. Although the
utilisation rate of the dust is 83% overall the ratio vary from unit to unit, distinctively. The
dust generation in Germany in the year 2004 has been 1,8 Million tonnes.

In Figure 14 the production and the use of the dusts for the different production unit is
shown. Most of the dust is used nearly totally in the steel industry, itself. However, as ex-
pected dust from blast furnaces and LD-converter are the main dusts which are use only
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Figure 13: Dust generation in Germany 2004, 1.8 Million tonnes

party. Mainly the fine parts of the dusts are difficult to utilise. But it is not only the grain
size, it is also the composition. In these fine dusts the concentration of elements with low
boiling point are condensed (mostly on iron particles) in the dusts. The concentration of



valuable elements in the dusts, worth to be recovered, is in these dusts to low for eco-
nomical recovery operations. In contrary these contents are too high to be able to recycle
the dust into the metallurgical circuit. Therefore some investigations have been made to
recycle the dust together with other residues in special furnace like the Oxy-Cup® or other
special reduction furnaces.

Due to Figure 14, the research work on dusts has to be concentrated mainly on dust from
BF furnace and LD-converter in the future.
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Figure 14: Generation and use of dust and sludge from iron and steelmaking in Germany (2004)

6.1 Dustrecycling in EAF steel shops

In Europe about 600.000 tonnes of dusts are generated during EAF-steel production in the
electric arc furnace. Valuable metals like zinc and lead from the production of carbon
steels as well as chromium and nickel, respectively, from the production of high-alloy
steels are recovered from these dusts by external processors, usually.

The recovery of the valuable metals, however, is expensive and is a financial burden on
the steel. Therefore a process is developed to reduce the costs for zinc recovery and to
improve the reimbursement for zinc. The main target is the recycling of dust back into the
EAF. The schematically drawing of this injection unit is shown in Figure 15 [13]. The dust is
transported pneumatically to the injection lance which is mounted on a BSE manipulator.
The lance is put into the melt preferably to the boundary of slag and steel.
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dust, as expected, which leads to a more economical recovery of these metals. A distinct
reduction of the amount of dust which has to be shipped for recovery of Zn and Pb by ex-
ternal processors is another economical and ecological effect, Figure 16. This reduction of
the amount of dust is the main economical benefit.

The total amount of generated dust of up to 2 t per heat is recycled, starting just after hav-
ing the first melt in the furnace. After one recycling circuit the dust is sold to a non ferrous
smelter for zinc recovery. Zn is enriched in the newly formed dust up to 35 %-wt. The
amount of dust to shipped has been reduced to about 50% of the amount having been
shipped before recycling.

6.2 Dust recycling in EAF of stainless steelmaking

The recycling of dust from stainless steelmaking aims at the recovering of Cr and Ni into
the steel melt. This is achieved by the reduction of the slag at the same time as dust is
injected. Additionally a stable foaming slag practice shall be realised.



Due to the different secondary metallurgical treatment lines of for steel works, it is neces-
sary to define the ways and means of the dust recycling for each steel work, separately
[14].

At Deutsche Edelstahlwerke GmbH in Siegen GmbH the reduction of the slag with carbon
is limited, since carbon reduction in a VOD vessel is nearly not possible. Therefore the
reduction of chrome from the slag is carried out mainly by FeSi. A special pipe for the in-
jection of fine grained FeSi is installed on the manipulator to inject the FeSi during melting
in the EAF. Thus very low Cr-contents in the slag are achievable.

Ugine-Savoie Imphy testing the injection of a mixture of coal and dust into the EAF is prac-
tised. About 800 kg/heat of the carbon / dust blend is injected containing about 70% of
dust.

By the injection of dust no modification on the basicity index of the slag is found. The
chrome content in the slag is decreased by 13%, relatively. A stable foaming slag practice
has been realised due to dust injection.

Since the dust of the two EAF's is collected in one system there is always a mixture of the
dust of both furnaces. The injection of dust let to a distinct increase of the Zn-content in the
newly generated dust from 15% - 32% without dust injection up to 30% - 45% with dust
injection.

Quiality controls confirmed that dust injection has no negative influence on the steel quality.
7 Conclusions

According to the principle “The use of by-products — a step towards waste-free sustainable
steelmaking“ FEhS-Institute has performed investigations to find solutions towards the tar-
get of waste free steel production. Steel production without any co-products is not possi-
ble, therefore it is necessary to develop new products of high quality level from the co-
products.

In the report three of the most recent developed measures towards a waste free steel shop
are represented. All three measures are used in the steel shops and further development
takes place.

The treatment of liquid BOF slag is a method to produce high valuable aggregates from
this kind of slag. The treated slag is volume stable and has properties comparable to the
best available natural product. Therefore new applications for these slags have been de-
veloped, especially in waterway construction and the wear course of roads.

Steel slags from EAF stainless steelmaking often do not fulfil environmental requirements.
Therefore a method to bind the chrome into stable spinel like slag phases has been devel-
oped. Thus the operator can decide whether a slag will have environmental problems and
by addition of spinel forming agents the slag can be adjusted to stable chrome binding. At
the same time the mechanical properties of the slag will be improved.

Finally a method of dust recycling in the EAF steel shop is presented. This method has two
advantages for the steel shops. By recycling of the dust, Zn will be enriched in the newly
formed dust. At the same time iron and non volatile particles are solved in the slag. By this



the dust amount to be shipped to a non ferrous smelter is reduced. Thus the liquid slag in
the furnace act like a selecting filter medium. The costs for the necessary equipment will
be reimbursed after less than one year.

These example cast a light on the work done by FEhS-Institute. The treatment of liquid
slag has been also used to improve blast furnace slag’'s quality. New cooling methods to
improve slag quality, the working environment etc. as well as the development of new
separation techniques to separate slag and metal from stainless steel slags are additional
fields of activity at FEhS-Institute.

The work of FEhS-Institute is aiming at the support of the steel industry to create new
products or improve the quality of products from residues from iron and steel production to
achieve a sustainable steel production for the future.
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v too BC, BSFC1 kot BSFC2 avtiotoyga. Ztnv cvvéyelo vréotnoay tayeio amdyuén €161 OOTE Vo
oamoeevyfel n dnpovpyia g gvotabovg Y- eaong tov C,S mov dev TaPovGLalel VOPAVAIKES
W0w0tTTeg Ko vo dtotnpnBodv ot petactabeic moAvpopewkés @doelc a- kair B- C,S. O
YOPOKTNPIONOG TOV Totuévtav £dsiée 6Tt Y1 To BC pe e1dikn emedveia 4100 cm*/g ot ypdvot
évapéng kot Téhovg ¢ mENG NTav 140 kot 200 min avtictowyo kot 1 anaitnon oe vepd 21.5%x«p
evd avémtuée avtoyn 28 nuepmv 53.7 MPa. Ta dida dvo toévta yapaktpilovral wg tayeiog
méng pe to BSFC1 va mapovsialet ypodvoug Evapéng kat téovg méng 25 kot 35 min avtictoyo,
ka1l 10 BSFC2 va mletl o Aryotepo amd 1 min. H copnepipopd Tov TOIUEVTOV OVTOV amodideTol
otV tayeio avtidpaon evvddtmong g @dong C4A3S yvootig kot o¢ cvotatikoy Klein mov
aviyvedTnke oTig avoivoelg XRD, pe amotéleopa v dnuovpyia etpryyitn. Ot avtoyég 28 nuepov
mov avortuyOnkay NTav 43.7 kot 34.2 MPa avtictoyya. Zopeova pe to EN 197, 1o towévra BC
kot BSFC2 Loyw tov younAodv Tpdipoy aAld Kot VGTEPMV OVTOYMY TOV AVATTOCCOLV EUTITTOVY
otV katnyopic CEM I 32.5N evéd 10 BSFC1 oty xotnyopic CEM I 42.5N, oniadn v 101 pe ta
tolpévta Tomov Portland. Zougwova pe ta amoteléopata, 1 LA pmopel va aglomombei cov A” VAN
OTNV TOPAYWOYN UTEAITIKOV «TPACIVOVY TOWEVTOV TO. omoia yopoktnpiloviar €16t AOY® TOL
UIKPOTEPOV TO00GTOV ekmepmOuevov CO, Kol TG YOUNANG KATOVAAWOGONC EVEPYELNG TOV OTALTOVY
KOTA TNV TOPAYWOYT] TOVG.

Aéeig herdia.: Aéromoinon L1onpalovuivog, ToEVTo UTEATIKOD TOTO.



Ferroalumina as a raw material for the production of “green” belite
type cements
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Patras, 26500 Rio, *angel@upatras.gr
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ABSTRACT: Ferroalumina (FA) is the product of the dewatering of Bayer’s process red mud by
means of a high pressure filter press, as practiced nowadays in “Aluminum of Greece”. FA was
tested as potential raw material for the production of “belite-type” cements. Other materials used
for the preparation of the raw meals were limestone, sandstone, bauxite and gypsum. Three
different types of cements were prepared, one belite active (BC) and two belite-sulfoferrite
activated cements (BSFC1 and BSFC2) with FA additions 4.2, 2.0 and 8.0 wpct respectively. For
the design of the mixtures Bogues’ equations were used in a modified form, taking into
consideration the thermodynamically stable mineralogical phases formed in each individual
system. The clinkers, fired at 1330, 1280 and 1300 °C respectively, were fast cooled at room
temperature by hammer crushing on a steel plate in order to maintain the alpha- and beta-
metastable polymorphic forms of belite and to avoid the gamma- stable form which does not
present hydraulic properties. The characterisation of the produced cements shows that BC cement
for a specific surface of 4100 cm®/g presented initial and final setting time of 140 and 200 min
respectively for 21.6 wtpc water demand. The compressive strength after 28 days of curing was
53.7 MPa. The other two cements were characterised as fast setting ones with BSFCI1 presenting
initial and final setting time of 25 and 35 min respectively, whereas the BSFC2 presented setting
time less than 1min. This setting behaviour is attributed to the formation of the C4,A;S phase during
firing as XRD analysis has shown. The hydration reaction of this compound is fast resulting to the
formation of ettrigite. Compressive strengths were 43.7 and 34.2 MPa after 28 days of curing for
BSFC1 and BSFC2 respectively. BC and BSFC2 cements can be ranked in CEM 1 32.5N category
due to the relatively low early strengths whereas BSFC1 falls in CEM 1 42.5N one according to EN
197. The present results indicate that FA can be valorised as a raw material in the production of
belite cements which are characterised as low energy requiring and low CO, emitting “green
cements”.

Key words: Ferroalumina valorization, belite type cements.



EIZAT'QI'H

Ot Bropunyavieg ToéVTov GLUPETEXOVY GE TOGOGTO 5% OTIG GUVOAMKES aVOPMTOYEVEIG EKTOUTES
CO, oto mepipdrrov (Worrell, et al., 2001). Avtd ogpeiletar 1660 oI ¥PNON KOLGIHLOV Vi
TOPOYWOYN EVEPYEWG, OGO Kot oTn Pacikn aviidpacn mov AauPavel yodpo KOTE TNV TOPOY®YN
ToéVTon, OnAadn TV dldomact Tov avBpaxikod acPeotiov og 0&gidio Tov acPeatiov Kot CO,.

ITo ocvykekpléva, IO TUTIKN EVEPYELOKN amoitnorn Tpokeévov va mopaybel 1kg toyéviov
tomov Portland eivon mepimov 3000k]. And 10 moapandve mocd, ta 2000k] ypnoipomolovvTon Katd
T diepyacia Tapaymyne, evd tao vwoiouro 1000k] eivan Oeppikég kupimg ammAeieg (Barrett, 1995,
Lawrence, 1998). Emiong arortovvtal  zwepimov  1.2Kg  acfeoctorabov. To CO, mov
omedevBepdvetal amd TNV Odonacr Tov dacPecstoabov eivon 0.53Kg. Av cov Kadoyo
ypnooromfel kabapog dvBpakag, Tapdyovral avtiotorya aila 0.32Kg CO,. H Tiun avth propet
va peimbel oxetikd av ypnotuomombody eVOAAOKTIKEG TNYEC KOVGOIU®OV OT®MG PUGIKO aEPLo M
opyavikd andpinta (Livesey, 1996).

M katnyopio Toévimv yio TV omoio vrapyel evolapépov ta televtaio 20 ypdvia eivor ta
uneAtikd toyévra (Young and Khan Afridi, 2004). Ta toévia avtd oe avtiBeon Le Ta TOUEVTOL
Portland napovsidlovy vyniotepo m0600T0 TLPLTIKOD dtacPestiov (CoS) Kol KPOTEPO TOGOCTO
moptikov tplacPeotiov (C3S). [pokeyévon va enttevyBoiv ta exBopuntd tocootd C,S kat CsS ta
UIYHOTO TOV UTEAMTIK®OV TOUEVTOV oyedidloviot e Bacikd yvopova T dtatnpnon tov dgiktn LSF
0€ T0G00TA £1G 75%, 6mov Bempntikd oynuotileton Eva Kiivkep ehedBepo mopiTikoy TplacPectiov
(Stark, et al., 1981). Aedopévov 611 0 C3S oynuortiletor og Bepuokpocieg peyarvtepeg twv 1300
°C evo M avtiotoyn Oepuoxpacio oynuaticpov tov C,S sivar 1000 °C, ta toyévta ovtod Tov
TOmov Bewpovvton Prkd mpoc to mepPdrriov (Lawrence, 1998). Ta mepiPailoviikd o@EAN amd
TNV Topaymyn Toug eivar e£otkovopunon evépyelog kota 12% (Lawrence, 1998) Adym g peioong
g Bepuokpaciog éynong katd tovidyiotov 150 °C kot 6-10% peiwon tov ekmoundv CO, Loyom
™m¢ pelwong Tov mocoostol tov acPectoribov (Popescu, er al, 2003, Quillin, 2001). Iopd ta
TEPPAALOVTIKA TAEOVEKTLOTOL TOV TPOGPEPOVY AWTOD TOL TOUTTOV TO TCUUEVTA, VO, BOGIKO TOLG
HEOVEKTNHO €lval Ol YOUNAEG TPOIES avToyes (€og 7 muépeg) AOY® TNG YOUNAOTEPNC
vopavitkoéTTag Tov C)S o€ oyxéon e to C;S.

To mopandve perovéktpo avipetoniletol pe dvo Tpomovs. O mpdtog meptiauPdvel Ty TOAD
ypryopn woén tov kAtvkep (puBudg yoéng >500 °C/min) ot Beppokpaciokn teproyn tov 1300-
700 °C mpoxeévov vo Anedel C,S pe vdpaviikég 1010TeC (0- 1 B- TOALUOPPIGHOG) EVD O
de0TEPOC TPoHToBETEL TNV VIapEN LG AAANC VOPAVMKNC EVOONC 0TO GUGTNLO 1) oTtoia B dmoet
TIC amoutovpeveg mpayec avtoyés (Popescu, et al., 2003). Mo tétoln évoon eivor 1o Beuxod
aoPeotapyito 1 ovotatucd Klein C4A5S (4Ca0.3A1L,05.805). Hpokeyévov vor dnuovpyndei o
ovotatikd Klein Oo mpémel oto apyikd piypo tov TpodTtev VAOV vo ewoaydel g A° VAN mov
nepteyel SO; dmwg etvar 0 YOWOG 1] 0 0vVOPITNC. TNV TTEPITTMOT VT TO aPYIKO TPLEPES CVGTI O
Ca0-Si0,-Al,03 Tov weptypapet To UTEMTIKA TolévTa petacynuotifetol og CaO-Si0,-Al,03-SOs
T0 omoio amoteleiton amd To empépovg Tpepny Ca0O-Si0,-AlL,O; kot CaO-Si0,-SO; kot
TEPLYPAPEL TO E101KOV TOTOV PUTEMTIKE TOIUEVTAL.

H Bgppoduvapixny aviivon tov Topamdve GUGTAUOTOC TPOPAETEL T ONUIOLPYIN TV EVOGEMV
C,S, C4A5S kot CS yio Oeppokpacieg émg 1350 °C (Ali, ef al., 1994, Beretka, et al., 1993) ot
avtifeon pe tg G,S, C;S, C;A mov dmuovpyovvtar oto Ca0O-Si0,-Al,0; cvotnua. Xtnv
TEPIMTOON OV 6TO aPYIKO cVuaTna o&ewimv elcaydel o emmiéov A’ VAN mov mepiéyel Fe,O5



évaoon C,AF mpootifetan 6T1g Oeppoduvapikd otabepéc EVOGELG OTNV ToPAmived OEpLOKPAGIOKT|
nmeployn (Sahu and Majling, 1993). Ta towévia PUREMTIKOD TOTOV MOV EVOOUOTOVOLV GTNV
0PLKTOLOYIKY| TOVG cvoTaoT T0 cvotatikd Klein givol yvwototepa ¢ umeltikd Oeikd-apytAtkd 1
Osuko-peppitikd towévro avaroyo pe ta emimedo ALOs; ko Fe,O; mov mepiéyovv. Znuepa
mapdyovtal kuping v Kiva kot yapaxtpilovtar cav “third series cements” (Sharp, et al., 1999,
Zhang, et al., 1999).

v moapovoo epyacia, n A ypnopomomOnke ¢ gopéac odnpov poll pe acPectoérbo kot
QAOOYN YO TNV TOPAYOYN EVOG UTEATIKOD TOIEVTOV. O YaUNAEG TIWES AVTOXMV TOL ToPOoVCine
TO TOPOTAVEO TOWWEVTO KOTA TIC TPOTEG MUEPEG Tapd Tnv tayeio yo&n Tov odnynoav oTo
GYEOOOHO OVO VEMV IYHATOV OV EUTITOVY GTNV KOTNYOPIt TOV UIEMTIKOV, OikO-QepPITIK®Y
tolpéviov. o 1o okomd avtd ypnopomombnkay emimAéov A’ Oheg dnwg Pwéitng kabog Kot
YOWOC TPOKeLEVOL va dnptovpyndei 1 edon CsA5S. Ta mapaydpeve Topévia a&lohoyionKay mg
TPOG TIC PLGIKEC KOl UNYOVIKEG 1O10TNTEG TOVG OE GYECT] LE TO OULYMDG UTEMTIKO TGIUEVTO.

TMEIPAMATIKH AIAAIKAXTA

A. Zyed106o1OC TOV UYHAT®V

Otr A’ Yleg mov ypnolpomoOnKay Yo TNV TPOETOHOGio. TV UIypdtov ftav acPfectorbog,
aoPeotoMbBoc vyning kabapotntog (AYK), cidnparovpve (XA), erlooyng, Po&itng kot yowog,.
Ol o VAKE ekTOC TG ZA Bpadtnrov oe TAavnTikd pOAo o kokkopetpio <90um. H ymuuxn

avdivon Tovg mapotifeton otov Mivaka 1.

Hivaxag 1. Xnuaxn avaloon twv A" vAdv

Acp/foc AYK XA dMoyng  Bwéitng  I'dwog

Si0, 7.14 0.20 7.37 70.85 14.30 12.76
ALO; 1.26 0.10 18.12 18.03 49.20 0.18
Fe,0s 0.93 0.07 41.35 3.70 23.00 0.04
CaO 50.86 53.00 15.80 1.59 3.62 24.73
MgO 0.79 1.30 0.62 0.57 ATl 1.85
K,O 0.16 0.05 0.57 1.72 ATl AIL
Na,O 0.15 AL 3.81 0.41 AL AIL
TiO, ATl ATl 3.51 ATl ATl AIL
SO; ATl ATl ATl ATl ATl 39.30
AL 39.00 45.20 9.05 4.18 10.00 23.14

Xvvoro  100.29 99.92 100.2 101.05 100.12  101.00

ALIL: Anoreteg [Topwonc, A.IL: Agv mpoodiopiotnke

O oyedlaocuog Tov YyHIToV Tov A VAV Yo Tapaynyn toéviov tomov Portland Paciletal ota
opla. Tov Bétouv ot mapaymyucoi deikteg LSF, AM xow SM. Xtnv mopovca Tepintmon Yo, Tov
oyxedlocud akolovnbnke Swpopetikny pebodoroyia. [Ipocdiopiotnray apylkd ol QACELS TOL
oynpotiCovion yio kébe €va omd To VO cLGTAHUATO OV peAeTHONKOV. o TO apIYDC PTEAMTIKO
tolpévto (ovuotnua C-S-F-A) ot pdoeig mov oynuatifovror ot Beppoxpaciokn teployn £og 1350
°C givar o1 C,S, C3A ko C4AF. Ta v mepintoon Tov 0eukd-QeppItikdv UTEMTIKOV TOYEVTOV
(ovompo C-S-F-A-S) o1 oynuotiiopeves 9aoels oto avtiotoyo Heppokpactakd e0pog eivar ot
C,AF, C4A5S, CS xat C,S. 2t cuvéxeto opiotnkav to embounté eninedo KOs opukTOAOYIKAG
@AaoNg 610 TEMKO TPoidV, 0md OMOV KOl VTOAOYIGTNKOV TO TOCOGTA TV Kupimv 0&edimv mov



OTOLTOVVTOL Y10 VO GYNUATICTOOV 0VTEG. [0 TOV VTOAOYIGUO TOVG YPTMCILOTOMONKAY Ol GYEGELS
tov Bogue rtpomomomuéveg kot@AANAo €101 dote va An@Bovv vmoéyn ot avtioTtoryeg
Oepprodvvaukd otadepés opuKTOAOYIKE PACELS TOV cynuatilovtal yio Kaféva omd To GLCTHLOT
7oV pedeTOnKay.

To mpoto piypo oxedldomnKe HeE OTOXO TO VYNAO MO0G00TO pmeditn >70%KpP oAld war
ownpapyIAky pdon oe mocootd >12%«kfB (6pro yo topévro thmov Portland) mpokepévov va
aélomomBel 1 XA oe peyaAvtepo mocootd and O0tL ota Ttoévta Portland 6mov m a&lomoinon
kopoivetor oto 2-3%kB (Vangelatos, et al, 2009). Ta dAio V0 piypoto oTOXELOV OTNV
onuovpyia g edong C,AF pe mapdAinin mpocsOikn Bsukdv eacemv yio v dnovpyia g
paonc C4AsS mpokeévoy va a&lohoyndel 0 porog Toug otV avimtvén Tpday avtoydv. To
TOPOTAV® EYOV GOV AMOTELEGHA TNV HEIOT TOv Tocootov g acns C,S oto 40-50%Kp. Ot
GTOYOL Y10 TO KAOE Hiy[o Kol TO OTOLTOVUEVO TOGOGTH TV Kupiwv 0£E101MV TOV TPOKLATOLY OO
TIC Tpomomonéveg eElomaoelg Tov Bogue mapatifeton otov Iivaka 2.

Hivaxag 2. Xyediaouog pyudrwv, %xp.

X10y01 BC BSFC1 BSFC2
(O - - -
(&N 73 49 42
GA 9 - -
C,AF 18 23 37
C4AsS - 14 18
cS - 14 3
Amaitodpeva oEgidia

Si0, 26.17 17.15 14.71
AlLO; 7.22 11.71 16.65
Fe,0; 5.90 7.63 12.25
CaO 60.71 54.18 44.78
SO, - 9.33 11.62
>Hvolo 100.00  100.00  100.00

Me 6e60EVO TO TOPATAVE TOGOGTA 0EEWIMV, TPOGOIOPIGTNKAV GTNV GUVEXELN TO, TOGOCTA TV A’
VA®V TPOKEWEVOL Vo OMpovpynBolv piypato mov petd v éynon Bo odnyodoav oTig TaPATAVED
ovotaoelc. To mocootd yio kdbe piypo mpocdopiomnkay HECH €VOG TPOYPAULOTOS OV
dnovpyndnke oto Excel. To mpdypapipo eVGOUATOVE L0 EVTOAT TEPLATIGHOD TOV OOKIUUCTIKMV
oLOTACE®MV UOMG TO EMITEDD OAMV TOV KLPIOV 0EEI®MV Y10 Lo GVOTOOT ATEKAVAY AYOTEPO OO
0.5% amnd v embopnty ovotacn. H avoroyic tov A’ vAdv mov mpoékvye yuo kébe piypo
oaiveral otov Iivoka 3.

Hivaxag 3. Avatoyia A" vidv, Yoxp.
BC BSFC1 BSFC2

AocBectorbog 82.80 70.00 38.00
AYK - - 14.20
YA 4.20 2.00 8.00
dAOoyMNg 13.00 - -

Bwé&itng - 12.00 19.00

Toyoc - 16.00  20.80




B. ITapaymyn kiivkep Kot Topévion

Mo v mopoaywyn tov KAlvkep ot dapoppopéves o€ opapidio dopétpov mepimov 20-30 mm
KOVELS TV pypdtov Bepudavinkov og Beppokpacieg 1330, 1280 kot 1300 °C v T BC, BSFCI
kot BSFC2 oavtiotorya ywoo 30min. Ztnv cvvéyelo vréotnoav toyeia amdoyvén €tol dote va
amopevyfel 1 dnuovpyio g gvotabovg y- @dong tov C,S mov dev TAPOLGIALEL VOPAVAIKES
10101TNTEG Kot va d1atnpnBovv ot pHeTaoTafelc TOAVLOPPIKES PAcELS 0- Kot B- C)S.

Ta whivkep otnv ocvvéyelo arécOniov mpog mapaywyr Toéviov. To mpato xhivkep (BC)
cuvaréaOnke pe 5%k yoyo, eved ota dala dvo (BSFCI1 kar BSFC2) ta omola mepielyav yowo cav
A’ OAn, dev €yve TpocOnin yowov. o OAeg TIC TEPITTMOGELS 1| GAEST] £YIvE GE TAAVNTIKO LOAO Yial
10min. [MpaypotomomnOnikoy opvktoroykég avarvoelg pe XRD, eved petpnnkav ot guoikég Kot
unyavikég tovg 1010tnTec. H e1dkn empdvela tov topnéviov (Blaine) petpndnke oouemva pe to
EN 196-6, evdd o ypdvoc méng kot 1 anaitnon oe vepd cvppwva pe to tpoétuvmo EN 196-3. Ot
avtoyég 2, 7 kot 28 nuepmv tpocdiopictnkay pe fdon to tpoétumo EN 196-1.

AIIOTEAEEMATA

2116 Ewoveg 1 émg 3 mapovostalovtol Ta aKTIvoypagiiato ToV KAvkep mov mapydnoav. And 1o
aktwvoypdonuo tov BC, Ewoéva 1, eaivovtor o¢ xvpiapyes @dosig 1 C,S xar n C4AF evo
aviyvevetal emiong 1 edon C3A. Enuewdvetor n onpovpyia ko g edong CsS n omoia dev
mpoPAenoOTOV OO TO OYESIUOUO QAL 0UTE KOl O TNV OEPLOSVVANLIKT TOV CLUGTAUATOC, LLOG KOL 1|
Oepuokpacio &ynong Tov ovykekpiuévov piypotog nToav 1330 °C. Avtd pmopel va amodobei oto
yeyovog 0Tl M Bgpuokpacios TomKE PECH GTO (OLPVO KaTd Tn Olepyacio &ynong £PTUCE oF
vymAdtepa enineda and tovg 1330 °C.

1. Calcium Silicate (C,S) 2. Brownmillerite (C,AF)
3. Aluminum Calcium Oxide (C,A) 4. Calcium Silicate (C,S)
T T T

Intensity (a.u.)

2-Theta-Scale

Ewova 1. Daopo XRD yio. to khivkep BC.

Ot opukToroYKEG PAoELg oL aviyvevovtol oto KAlvkep tv BSFC1 koau BSFC2, Ewova 2 ko 3
avtiotoyya, givar ot C,S, C4AF, CS, kaOdg Kol M CiA5S (ovotatikd Klein 1 Yeelimite). O
CYNUOTIOHOG TOV OVOTEP® PACE®V EIVOL GOUPMVOG KOl LE TOV OPYIKO OYEOUOUO TOV UIYUAT®OV
onmg eaiveral kot otov [ivaka 2.



1. Calcium silicate (C,S) 2. Brownmillerite (C,AF) 1. Calcium silicate (C,S) 2. Brownmillerite (C,AF)
3.Anhydrate (CS) 4. Yeelimite (C,A_S) 3.Anhydrate (CS) 4. Yeelimite (C,A;S)
T T T T T T T T

47 3=

Counts
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T T T T T
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Ewcova 2. Ddouo XRD yra to touévio BSFCI. Ewcova 3. Daouo XRD yia 1o toiuéveo
BSFC2.

2tov Ilivaxa 3 mwoapatiBeviot o1 QUOIKEG WOLOTNTES TOV TUPAYOUEVOV TOUEVTOV KOOMG Kol Ol TILEG
TAOV AVTOYX®OV OV EMOEIKVOOLV T TOIUEVTA Yia 1, 2, 7 kot 28 nuépeg.

Hivaxag 3. DvoIkég Kot unyoviKeS 1010THTES TV TOLUEVTWV.

BC BSFC1 BSFC2
Ewdwky emopavea (cm’/g) 4100 4850 4430
"Evapén miéng (min) 140 25 <1
Téhog méng (min) 200 35
Amaitnon og vepo (%okP) 21.5 28.7 AL
Mnyovikég 1010t TEG Avrtoyég (MPa)
1 Hpépa - 17.6 14.9
2 Hpépeg 5.0 25.8 23.5
7 Huépeg 17.5 36.8 30.1
28 Huépeg 53.7 43.7 34.2

AIL.: Agv TpocdiopioTnke.

Onwg eaivetar, to apuymg pmeAltikd toévto BC mapovoidlel copmepipopd TopoOUole, UE To
towévta tomov Portland 6cov apopd otig puoikég Tov 1810TNTES. Openg n mpocOnkn Yoo otig A’
VAEC Kot 0 akdAovOOC oxNpaTiopds Tov cvotatikod Klein (C4A5S) £xel og ouvéneto T peimon Tov
xPOvoL TENG TOV TOUEVTOV, 00TYOVTOG 6 TAoTA TayEiag méEng. Etot to piyua BSFCI apyilet va
el ota 25min pe ™ dwdikacio va oAokAnpovetor oe 10min. To piypa BSFC2 mnlel oe
Ayotepo amd 1min pe amotéleopo vo pnv gival duvatdc 0 TPOGOOPICUOS APYNS Kol TEAOLS TNG
dwdkaciog. Avtd cvpPaivel mBovotato eéontiog TG YOUNANG Hoplakng avaroyiog peta&d Tov
yoyov (CaSOy) kat tov C4A;S mov mepiéyet o piypo BSFC2. H poprokt avaloyio Ppicketon oty
Tun 1 evod 1 avtidpaon mov AapPavel ydpa Kotd v avapiln avtov ToV TIEVTOV LLE TO VEPO
glvar 1 akodAovo:

C, A, S+2CSH, +34H —>C,A3C S 32H +2AH, (1)



C, A4, S+6Ca(OH), +8CS H, + T4H —>C,A3C S 32H )

AH, +3Ca(OH), +3CS H, + 20H —> C,A3C S 32H 3)

Onwg eaivetal amd TV TOpATAvVEO avTidpacT), 1 KOTaVIA®Gn Tov YOyov arnd 1o cuatatikd Klein
éxel poprokn avoroyio CaSO./C4A5S = 2 (Kasselouri, ef al., 1995). Avtd éxet g amotédeopo T
Toelo AmoppOENOT TOL TEPLEYOLEVOL YOWYOL TOVL OMMC €ivol YVOOTO YpNoILoTolEiTal yia
emPpadvvon g depyacia tng evudatwong. Avtifeta, yio v nepintwon tov piypatog BSFCI1 n
avtiotoyn poplokn avaioyio Bpicketor oto 4.5 pe amotéAecua TV YPNYopT HEV OAAG Oyl Toyela

TEN NG GLYKEKPLUEVNC TAGTAG.

Ooov apopd TIC avToyE TOV TAPAYOUEVOV TOUEVTOVY, TOPATNPEITAL OTL Yio TNV TPMTN NUEPO, TO
topévta BSFC1 kot BSFC2 gpopavifovv avtoxég 17.6 xkar 15MPa ovtiotoyo, ot omoieg
avefaivouv ota 26Mpa kot 23.5MPa avtictoyyo v emduevn nuépa. Avtifeta to toévro BC
HETA amd 2 nuépeg dlatnpNnong mapovctdlel YoaunAég avtoyéc mov etavouy ta. SMPa. Metd and 7
NUEPEG ATNPNONG TO QYD UTEAMTIKO TOUEVTO TOPOLGLALEL OVTOYES TOV PTAVOVV OTO EMITENN
TOV OVTOY®V 7OV TAPoLGIALovy To Toluévta pe to ocvotatikd Klein petd v mpotn nuépa
(17.5MPa). Ta gv AOy® TOWEVTO GTOV TTAPATAV® XPOVO TapoLGLALoVY SUTAAGIEG TILES AVTOY®V
(36.8MPa yia to BSFC1 kat 30.1MPa yw 1o BSFC2). Ta mapondve anroteAEGHOTA Y10 TO TOLUEVTO
BC oamodidoviar oty amovcio piag £voong mov vo pmopel va evudatmbel ypiyopa, divoviag
TpdeS avtoyxés. H kopla évaoon mov mepiéyet to ev Adym topévrto, 10 C,S, apyel va evodatmOel
KOl TPOGPEPEL KUPIOC OTIS Hakpoypovieg avtoyéc. To tehevtaio @aiveTol OTIC UETPIOELS TOV
avTOXOV PETE 0md 28 MUEPEG dUTAPNONG, OOV TO OUIYDS UTEAITIKO TOUEVTO TOPOVCLALEL OVTOYES
7ov etdvovv ta 53.7MPa ceg avtifeon pe ta toévra BSFC1 kar BSFC2 mov gppavilovv avtoyég
10 kot 20MPa yaunAotepeg avtiotoya.

YYMIIEPAXMATA

e H XA pmopet va ypnoiponombel og A" VAN yio TNV TOPAYOYT TOWEVIOV UTEMTIKOD Kol €101K00
umelticod tomov. Ta ev Adyw touévra yopaktnpilovral @IAKA mpog to mepiPaiiov, “green
cements”, A0y® ¢ younAdtepng Beppokpoaciog éynong (1250-1350 °C) ko tov yoaunAdtepoL
T0606ToV acPestoABov (Kot dpa yaunidtepwv ekmounmv CO,) mov ¥pNoILOTOIEITOL GE GYEoN
ne Ta Topévta Tomov Portland.

o Youpwvo pe to EN 197, ta toyévta BC kot BSFC2 Adyo tov younAdv Tpdiuov oaldd Kot
VOTEPOV AVIOY®V TOV OVOTTUOCOVY guminTovy oty Katnyopioo CEM I 32.5N evod 1o BSFCI
oty katnyopic CEM I 42.5N, dnAadn v idwa pe ta torpévta tomov Portland.

e TéLhog, Ol PUOIKEG OIOTNTEG TOV TOPUYOUEVOV UTEMTIKOV TOUEVT®V, OT®G YPOVOg TENG Kot
amaitnon og vepo, TapovcldovTal avVIALOYES TNG OPVKTOAOYIKNG TOVG CUGTACNG. ZVYKEKPIUEVA
TO QUIY®DG UTEMTIKO TOWEVTO €lval Ppaddmnkto, evad to Toévia e Tig Oesukég evooelg
eLQovifovTol ToaOINKTO, OTOTEAECHA TG OVTIOPAON G EVVOATMONG TOV cvotatikov Klein.
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AEIOOPOX A.E. H mpododoc omv avakOKAm®on Blopunyovikov
TOPOTPOTOVTMV

I. Avdmnc, X. Zrpatiig
AEIPOPOX A.E., 12° ylu Ocacatovikns Béporag, 570 08 lwvia Ocooolovikng, 2310790175

Aéeig herdia: Bropunyovikd mopoampoidva, adpovi 0d0moliag, oKwmpia, Aepopog avamtuén

HNEPIAHYH: Eivair kowvovikn guBovn g kabe Propmyoviag vo gpovticet yio Ty ovokOKA®OT Kol
M oot 61dbeon Tov arofAntev e H AEIGOPOX A.E., Buyatpikn g Pounyaviog katepyoaoiog
odnpov ZIAENOP A.E., 0@ kot pio dexoetio oxedov €Yl EVOTEPVIGTEL AVTO TO TIGTEVM Kot EXEL 1O
avakvkimoer  1.500.000 tovovg Propmyovikd un - emikivévva  omoPAnta, Kupimg OKPIES
yoAvPovpyeimv, e eQapUOYN GE Eva EVPD EAGUE TPOIOVI®V oL omevdhvovTal otV 0domotia, ot
Brounyavio dopKOV VMK®OV, K.0.

H avoxkdkioon Popnyavikdv vmompoioviev ovipletonilelt évav aplBpd OLeKOAIDV, omd 1
Swyeipion TV €1GEPYOUEVOV DAIKOV COUPOVE pe TNV Kelpevn vouobesia, £mg TV KOTAKTNOT UG
ayopag EMPLACKTIKNG TPog To. evOAAokTikd viAkd. H eumepia tg AEIOOPOX A.E. pe pa
emruynpévn mapovcio. otov EALadkd kot BovAdyapikd ydpo g mpounfevtng okAnpdv adpaviov
VAKOV Y10 TNV KOTAGKEDT] EKOTOVTAd®V yhopetpwv avtokvntodpopwv (ITAGE, ETNATIA OAOZ,
ATTIKH OAOQOZY) amodeucvoet 0Tt 1 avakOkAmon Propnyovikdv amofAntov dev eivar BApog yia )
Bropnyavio, adAid givar gukaipio.

AEIFOROS S.A. The progress in the recycling of industrial by-
products

I. Liapis, C. Stratis
AEIFOROS S.A., 12" km Thessaloniki Veria, 570 08 lonia Thessaloniki, 2310790175

Key words: by-products, aggregates for road construction, EAF slag, sustainable development

ABSTRACT: Corporate Social Responsibility implies among others that each industry takes care of
its waste, especially through recycling. AEIFOROS S.A. which belongs to SIDENOR group of
companies, the largest industrial group for steel processing in Greece, has been established in that
purpose and in ten years, has already recycled 1.500.000 tons of non hazardous industrial wastes,
mainly Electric Arc Furnace (EAF) slag and steelmaking slag, processing them into valuable products
with a wide range of applications, such as aggregates for road construction and building materials.

Although, big steps have been made in the last decade, the recycling of industrial by-products still
faces obstacles, ranging from the waste handling framework, to the penetration of markets reluctant to
adopt the use of recycled materials.



The long experience of AEIFOROS S.A. with a successful presence in Greece and Bulgaria as
supplier of aggregates for road construction (highways PATHE, EGNATIA ROAD, ATTICA ROAD)
proves that recycling industrial waste is indeed an opportunity for the industries.

1. Ewoaywyn

H oxwpia nAiektpikod khpdavov gival éva mapoampoiov g petaAlovpykng Propnyaviag. [poxvntet
and v ™én oe niextpikd kAhipavo (Electric Arc Furnace - EAF) maAaiocidnpov (ferrous scrap), to
omoio amotelel TNV TPMTN VAN Yo TV TOpAy®Yn otkodopikoy ydAvpa. Topemvo pe tnv American
Society for Testing Materials (ASTM), 1 oxwopio opiletoar ®g éva pun MHETOAAKO TPOIOV TTOL
amOTEAEITOL KUPIMG OO TLPITIKEG EVDGELS TOL OoPecTiov evopéveg pe myuéva ofeida GLdMpov,
aAovuviov, 0oPecTiov Kot payvneiov Kot TapdyeTol TovToOYpove Ue ToV YaAvPa péca o€ KAipavo.

H mocoétto mov mapdyston ota yoAvfovpyeia, ®¢ mopompoidv TG TAPOyOYIKNAS Oladikaciag,
amotelel T0c0oaTd TEPimOv 7% - 12% eni Tng GLVOAKNG TOGOTNTAS TPOPOdOGing Tov KAPAvoL e
AmOTELEGUO Ol UETOAAOVPYIKEG OKWPieS va gival Eva amd To LeYOAVTEPO GE TOGHTNTA PLOUNYOVIKA
mapompoiovia. Evoeiktikd avapépetar 6Tt katd to €tog 2000 M cvvolkn mapoybeica mocodTNTO
okopwv oty [epuovia, cupmepAauPovouévemy Kol T@V GKOPLOV LYIKOUIV®VY, NTaV TEPITOL TEVTE
gKoToppdPLa TOVOL, VM 1 VTOAOYILETOL OTL 1) GLVOALKT TocoTNTO TNV EALGSQ givar mepimov 350.000
TOVOoL.

2. lotopixn avapopa

H ypnion ¢ okopiog, og vAKO Tapdymyo ¢ rounyavikng KaTepyoasiag Tov Gonpov, ¥povoroyeiTal
and to €A Tov 19°” cudva, LoAoVOTL 1| TPOTN IGTOPIKN ovapopd Yo, oK®pieg avayetol 6to 350 m.y.
Otav 0 ApPLoTOTEANG OVAPEPETOL O GKMPIEG G1dNPov Yo Bepamevtikobg okomovg. To 1862 o Emil
Langen avaxkdAoye Tic LOPOLAMKEG 1010TNTEG TOV OKOPLOV &vd amd T0 1880 o1 oxkwmpieg
YPNOULOTOOVVTOL ¢ Aimooua yww TNy egvioyvon tov wWottov tov &doeoav. To 1909
dMUovpyNONKay ol TPMTEG YEPUAVIKEG TPOSIOYPOPEG YLOL TOV TOLOTIKO EAEYXO TNG YPNONG TOV
OKOPLDYV GTNV TOUEVTOPLopmyavia.

ATO 116 apyég tov 20” cdva, kKuping Aoym g agboviag Tov VAKoD o€ amdbeon kot TG UNdEVIKAG
a&log yio Tovg mopay@yole yaAvpa, N EKUETOAAEDCT] TOV CKOPIDOV OO VYIKAUIVOUC £YIVE OVTIKEIUEVO
TOAMDV €PELVMV. ZVUVTOWA Apyloe va yivetor Katavontd OTL TO0 Tapamrpoiov avtd Bo umopovoe va
ypnolwomombel oOTIC KOTOOKELEC KOL VO Uy eivar €vo, «mpog  amdppymn»  LAKO.  Apyikd
¥pPNoLoTO0NKE 0€ gVvpeinn KAIHOKE Y10 TNV KOTAGKEVT VOPUVAIK®DY EPYOV, KUPIMG PPayUaToy. AT
10 1960 ém¢ Kol ofjuepa yivetar cuoTnUaTiKn eneepyocio Kot 1) ¥pHoN oKOPIOV AOUPAVEL GUVEXDG
UEYOADTEPN €KTOOT UE GUVETELD VO Oempeitol £va TOADTILO VAIKO 101KOTEPA. Y10, TIG KATUOKEVEC KOl
TNV 0domotia. ZNUEPO. GE TOAAEC YDPES TNE EVPOTAIKNG Evmong 6nwg M. Bpetavia, [Mepuavia, 'odiia,
Aovia, OMoavdio, Bélylo, n ypnon 1oV okoplidv oty odomotlia Kot ot Propnyovic. Tov ToUéVTo
OOTEAEL KOIVY] TTPOKTIKY.

3. Hopoywyn twv okwplav nAektpikod kASEvov
Ol Tp®TEG VAEG TOL YPNOCLUOTOOVVIOL YO, TNV TOPpay®yr Tov yoAvfo mpoépyoviar omd Tnv

avaKOKA®on VAK®V. To vikd avtd ovopdaleton Scrap 1 moholocionpog Kot TpogpyeTol T0C0 amd TV
gyydpa ayopd 660 Kol omd elaymyEg and dAla kpdtn énwg 1 Pooia, n Kdnpog, o Aifavog k.d. Xt



oLvvéyeLn, odnyeital o povada areong (shredder) 6mov dwywpileton o G1dNPOLYA KAt un 61dNPOvYQ
pépn. Ta pn-cwdnpovya pépn odnyodviar ywoo meportépw enefepyocio Kot ovAKTNGN TOAVTIU®V
HETAAL®V OTmG 0 YoAKOG Kot To aAovpivio. Ot o1dnpolyeg Vg mpowBovvtal 6Tov NAEKTPLKO KAIPovo
v ™M&N. Exel mpootifevian pikpés mocodtteg aoPécTov Kot cdnpokpapdteov mov Ponbodv otnv
avanTuEn VYNAGTEPOV BEPLOKPAGIDV, TPOKAAOVY APPIGHO TOV GLONPOL Kol dnptovpysitan oKmpia.

Ytov KAlPavo tpia peydro miektpodia dnpovpyodv PoAtaikd t6&o avePdalovtag tn Beppoxpacio
otovg 1640-1670 °C  mpokaAidvrag v &N TOL TOAN0GINPoL. TN Oeppokpaciocs avTH HE
BonBela twv mpdchetmv Kot Ady® Tov €101K0D TOVG Phpovg Ta avemBounTa Tpoidvia avefaivovv ota
vynAdTEPE oTpdpate Tov KA{Pavov amd Omov kot amopokpvvovtal. [ v emitevén Ttov
Sly®plopol amotteitan GUVEXNS OVASELOT) TOV LAKOD LE TNV TPOocsONKT 0EVYOVOL amd TO KATM HLEPOG
tov KMBovov. Ot okwpieg mov mopdyovior cg ot TN @Gdon ovopdlovial okwmpieg NAEKTPUCOD
KMPavov kot mopdyovtal oe mocootd 80-110 kikd ava tovo ydAvPa. Metd v amopdkpuven twov
TOPOTPOIOVI®V TOV TPAOTOL 6Tadiov cuveyiletor 1 emeEepyacia Tov TEPEXOUEVOL TOV KAPEvOL Yo
v mapockevn ydAvfo. Katd ta vrolowro otadia g eneEepyaciog mapdyoviotl Kot GAAES oK®PiES
(okopia KGdwV, KOAAUIVE, AAGTY OVTAIOGTAGIOV).

H apyn wioén g AMopévng okopiog £l WG OTOTEAEGO TOV GYNUOTIGUO KPLGTAAMK®OV 0VOPYOvVmV
LELYHAT®V TO. 07010 TNV Kaf1oTOOV VAIKO UIKPNG TOUEVTOED0VG 0&iaG. Av Opmg 1 woln sivon toyelo,
Om®G OoTIS oKopieg MAEKTPKOV KMPAVOL, Ol KOKKOTOUUEVEG OKMOPIEG GLYKPATOVV TNV
ATOSLOPYAVOUEVT] TOVG GHOPPY] SOUT KOl TOPUUEVOLV GE Eva YNUIKA 6Tafepd, GLOpPO KoL VOAMON
0TAd10, €Yoviag LmoAavOAvovseg VIpaVAKES 1010tNTeG. H amdtopun wién tov okopidv eivor
emPePAnUEVN Y10 VO OTOKTHGEL 1] GKOPLa TV VOAOELST| dour).

4. Emeepyooio s oxwpiog niextpikod kiifavoo

Metd v mpdTn @don ™G Yoéng Tov vAkov 1 onoio Aapupdavel ydpa mAnciov tov yaivfovpyeiov,
aKoAoLOEl POPTOOT KAl LETOPOPA Y10 TEPAUTEP® eMeEepyacio. e avTo TO onueio 1 okmpia TavEL va
gtvon Tapampoiov Kot VA tv yaAvBovpyeinv Kot aroteAel Tpd VAN Yo v etaipic AEIOOPOX
A.E.

H mopayoyikn dwdikacio anoteheitor amd cepd Unyovik@dv dlepyaciov ev ENpd, Ommg d10A0yn Yl
TNV OTOUAKPLVOT HEYOA®V TERO)I®OV, OTOCIONP®ON, TPOTOYEV] Bpavor, devtepoyevr] Bpadon kot
TEAIKA TOPAYOYN TOV TEMKOV TPoidvtov amd dadoyikég kookvicels. Ta adpavi) mov mopdyovat
ta&vopovviol og d1apopa KAAoUATA Kol amodnKehoviol e cmPOVS OTIG TANTEIES TEAIK®V TPOIOVI®V.
Xe autd TO ornueio mPEMEL VO TOVIGTEL OTL Yo TNV dlXElplon Kol TNV GUVOMKN emelepyacion NG
okopiog niektpikov KAPdvov €xel vioBetnBel kol epappoletar TANpmg 1 odnyio ¢ Evpomaikng
"Evaong mov apopd otig Béktioteg AwobBéoueg Teyvikég (BAT).

AvoduTikd: Y10 TPp®OTO OTAO0 NG EMeEEPYASiag TG 1 Ok®pio 0dMYEITOL GTO YDPO ATOGIONPOGCNG
OOV OPYIKA OEUIPOVVTIOL TO, HEYAAN TEUG)OL KOL OTI OUVEXEID UE HAyvnTIKG péoa yiveton
Sy ®PIoUOC TOL TTEPLEXOUEVOL o1dnpov. H deutepn @don eneéepyaciog neptlopfavel Tig akdAovbeg
UNYOVIKES Slepyaoieg:

a) I[pwtoyevn kot devtepoyevn Bpavon).

B) Amocidnpwon.

v) Kokxopetpikn dwopdadiuon.



Katd v mpwtoyeviy Opadon tov VLAKOD EmMTLYXGVETOL 1) OLOYEVOMOINGY TOV Kol EMMAEOV
ameykAoPilovron petaAlkd pépn ta onoia elyov daOyeL TG apykng amocdnpmons. Ta cidnpovya
OTOPLOKPOVOVTOL G0 TNV OK®Plo pe HoyvnTIKO OJloy®pPopd Kot TPOPOSOTOUVIOL €K VEOL GTOV
nAekTpkd KAMPavo.

AxoAovBel devtepoyevig Bpadion Kot S1d0YIKES TAEVOUNGELS TOV VALIKOD GE KOGKIVO GLVIOVIGLOV
omov ofoduifoviot avdioya pe TNV KOKKOUETPla TOVG, Yo vo mapoyBolv €16t Ta embountd telkd
mpoidvta. H cuvolkn mapaydpevn mocdtnta okipmv odomouas amd oKmpio nAekTpikod kKAMPdvov
avépyetar og 110.000 tOvovg €noimg evd 1 GLVOAIKT SLVOIKOTNTO TMOV YPOUU®DV TOPOYDYNS
Eemepva tic 250.000 tévovg. T v KAAvyT TV ovayk®OV TOpoy®mYNG 1 ETOPI0 EYEL TPOXWOPNGEL
OTNV KOTOOKELT] TPUDV CUYXPOVAOV €YKATOCTAGE®V Bpavong, ot ®eccaiovikn kol otov AApvpo
Mayvnoiag, kafobg kot oto ITEpvic g Boviyapiag.

5. [616tnteg v adpavav crwpiog
I. Dooikég 1016TnTES

Ta adpavn okmpiog eivar apkeTd Yoviddn kot €govv Tpayeio empavelokn ven. Emiong dwabétovv
VYA TUKVOTNTO LOVEASaG GYKOV Kol TAPOLGIALOVV TEPLOPIGUEVT] ATOPPOPT TIKOTITA.

Duowcég [d0tnTeg Xrmpiog Hiextpucov KaPavou

[o16tnTal Twn

E1d1k6 Bapog 3,2-3,6

Movéda Bépovg 1600 - 1920 kg/m®
AmoppopnTikdTNTO 3%

[Tivaxog 1: dvowés [d10treg Txowpiog Hiektpucov KAiPavoo

il. Xnuurés 1010tnteg

Ao ymuikng dmoyng n okopia givor Eva piypo doPectov, mopitiov kot ahovpivac, dniadn ta idto
o&eida mov amotehodv 10 ToEvTo TIopThavt, ahAdd pe dapopetikés avaroyies. Onmg avapepbnke ot
oKmpieg SPEPOVY oNUOVTIKE peTald Tovg avdioya pe TN owdikacio mapoywyng kot tn pébodo
Y0O&ng Tovg.

Xnpkn Xovleon Zkwpilag Hiextpikod Kapdavoo

Ztoyeio Yvotaon (%)
CaO 40-52

SiO; 10-19

FeO 10-40

MgO 5-10

Al,O, 1-3

S 05-1
Metallic Fe 0,5-10

[Mivakag 2: Xnukn XovOeon Zkopiog Hiexktpucov KAiBdavov




iii. Mipyovikéc 1010tnteg

2toTkd, duvapkd eoptio kot wepBaAloviikéc emdpaoels Onws Ppoyn, (Eotn Kot GLGTOAOOINCTOAES
ATOLTOVV HOKPOYPOV avBEKTIKOTNTO OO TIG GUYYPOVEG KATAGKEVEG. I avTd T0 AOGYO TOL UNYOVIKA
YOPOKTNPIOTIKA TOV OOPAVOV TOL YPNGLOTOOVVTOL Y10, TIG KOTOOKEVES OVTEG eivol eEOPETIKNG
onupaociog. H ene&epyacuévn okmplo €xel eLVOIKEG UNYOVIKES OOTNTES Yo YPNON O AdPAVES OGS
KOAT avToyn o€ TPIPN Kot Kpovon, oTafePOTNTA, KAAG AKOVGTIKA YOPOKTNPLGTIKA, VYNAN OVTOXY] Kot
avOeKTIKOTNTO.

IIpodwaypagég Zxkmpiag Hrextpucov KAiPavov

[d16tNTal Twn
Agiktng ZtiAfmong PSV = 64
Yvvteheotng Los Angeles LA =15
Agikng Amotpryng AAV =3
Agiktng Yyeiog SD=6
Avtoyn og Bpavon ACV =9
Avtoyn og cvvtpiPn AlV =4
Aglktng Zynpatog SI=5
Agiktng [Thakoedmv FI=5
Agiktng Empnxov ElI=10

[Mivaxog 3: [Ipodiaypapég Tkmpiog Hiektpucod KApavou

iV. Oeprurés 1016tnTeg

Ta adpavn okwpiog glvar Kodol aywyol g OeppotnTog Kot dtatnpody Ty OgpuoTnTU YIot GNUOVTIKG
UEYOADTEPO YPOVIKO OIAGTNLOL GE GVYKPLIOT| LE TO SLUPATIKA PLOIKA adpavn. H 1810tta tovug avt ta
Ka010TA  KATOAANAOTEPAL Y10 EMIOKEVY OGGQPOATIKOV [yudtov Oepung ovipuéng oe  younin
Oepuokpacio eptpariiovroc.

V. [lepifailovuiroi éleyyor

210 TAQIGLO TNG EQOPLOYNG TG VNG evpmmaikng vopobesiog REACH yio tv xotoyd®pnon kot tov
EAEYYX0 OAMV TOV YNUK®OV 0LGIOV, TPOyUaToTomOnkay GAot ol amopaitnTol EAEYYOL TOV EVIGYDOVY
NV TEPPAAAOVTIKT KATOAANAOTNTO TG OK®PIoG NAEKTPIKOD KABAVOU.

To 2006 avayvopictnke M GLUPOAT] TOV adpavedv 0md OK®Pio, GV 0epopo avamtuén Kot
amoveunOnke omv etaipeia t0 Tp@TO Ppofeio otkoloyiKoD TPOIOVTOC GTU TANICIN TOV EVPOTATKMV
BpaPeinv entyeipnoemy yio. o TEPPAILOV.

6. Xprjoeic oxwpicwv
270 YOPO TOV EPYOV KOL TOV KOTACKEVADV, Ol GKWOPIEC YPTOLULOTOLOVVTOL VIO VO JLUPOPETIKEC KOl

drokprtég 1010tTeg Tov kabopilovv avticToyo Kot Tov pOAO TOVE, MG VAIK®V, 6TN doukn flopnyavia
Kol EMOKOAOVOO G EQPAPLOYES OOLUKDY EPYOV.




Opopéva €idn oxkoplidv ovviBwg VIO HOPEY] AETTOKOKKOL KAGGUOTOS YPNOGLUOTOOVVIOL G
TPOGHETA VAIKG GTO TGEVTO, GTO GKLPOOEND KOBMG KOl G UlyHaTo He OpYIAKA Kot TNAMOT VAIKA
Le o10Y0 TN PEATIOON TOV YOPAKTNPIGTIKOV TOV TP®TOYEVODG LVAKOV. [lapdiinAa, otnv odomotio
YovOpOKOoKKa adpavi) oKopiag eivar dSuvatd va ypnotponomBodv Ady® g GKANPOTNTAS TOLS KO TG
ONUOVTIKNG avToyng Tovg e eBopd évavtt TpPng Kot kpovone. ' Tov idto Adyo, adpavr| okwpiog
YPTCLLOTOLOVVTOL Y10 TNV TOPACKEVT GKUPOOEUATOG VYNANG OVTOYNS.

Xe yOPEG LE YEVIKELUEVT] EAAEYT adpovav, Omws To Békylo, 1 OAhavdio aAAd kol g TePLOYEG TG
I'eppaviag, g 'aAliog, g Aaviag 1 xpion adpovdv ckopiog amoTeAel Lo IKOVOTOTIK AVoN Yo
TOAMEG epaployés. AKOUN GE Y®PEG OMOL T PLGIKA OKANPA adpavn eivor omdvia (H.ILA.), ot
OKOPIEC YPNOWOTOOVVTOL GE OVTOAGONpoVg Tammtes. Evivmmotlaxd eivar to mapddetypo g
Meyding Bpetaviag, pog yopog pe agpbovia okAnpdv adpavdv, 6Tov 1 xprior TovV adpavody oKoplog
6€ avTIoMceONnpovg TanNTES OmMOTEAEL KOV TPOUKTIKY].

Znv EALGda Te VKoL, O1KOVOLLKOT KOl OIKOAOYIKOT AGYOL £(0VV TPOKOAEGEL EVOL AVENEVO EVILOPEPOV
YW EPUPUOYN TOV OKOPLOV o€ ddpopa €pya. To CRnua g XpNong Tov odpavmv okopiog €
avtoAodnpodg tammteg, mov eivar po amd TG ovvnBéotepeg epapuoyés, ocvviotd éva Bépa
Eexoprotig onpaciog yo v EALGda, 6mov Ppioketor og e£EMEN 1O TPdYpaLe VAOTOINGNG 0OIKMV
aovov.

"Evag dAhog topéag otov omoio 1 etanpia €xetl dpactnplonomBel eivor n mopaymyn Gupov appofoAng
YU TNV TPOETOWOCTIO UETOAAIK®OV ETIPOUVELDV KOl EQUPUOYEC GE TOLYOMOUEG YOl OVOTOAMUIDGELS
ktpiov. o v ypion avty égovv mpaypoatonomBel ol omapaitnteg SOKIUES Kot TPOY®POVV Ot
dwdkacisc motomoinone. Extpndton 6Tt og etota Bdon Ba datiBevton tepimov 15.000 - 25.000 tévol
dppov appoPoing. To TAEOVEKTAUOTA 7OV TPOKVATOVV YPTCLUOTOIDVING OK®PIo MAEKTPIKOV
KMPAvov GuykpITiKG pe GAAL VAIKE, o@eiAoviol Kupig 6TV OKANPOTNTO OAAL KOl 0TI YOVIHO
@00T TOV VAIKOV G€ KOKKOUETPieg KdTt® Tov 1,5 mm.

210 7edlo TV VIPOVAIKAOV KOTAGKELMOV TO. 0dpaV] OKOPING YPTOCLLOTOOVVTOL KLUPIg AOY® NG
AOLUTEPOTOTNTOG TOVG OO TO VEPO OF :

DpAyHoTO KO OV MELOTOL

Ytafepomoinon Koitng moTapmv

Ytabepomoinom 0xOng motapdv

[TAMpwon Sufpopévov TUNUATOV GE KOITEG TOTUUDY

7. Llepifoliovtia koi otkovouixd opéin

Ot Betikéc mepPAAlOVIIKEG EMNTTMOEIS AO TN XPNON AdPOVAV 0d0TOLNG OO CKOPIEG NAEKTPIKOV
KMPavov givat:

H e&owkovounon evépyetog.

H pn popeoroyikn emPdapuven tov puoukcol Tomiov amd tnv £6pLén PLGIKGV AOPOVOV.

H Oetwkn emintmon Aoym e&ovdetépmong g 0EvNG avTidopoaons ce OvTIOOTOAN WUE TO QLGIKE,
adpav.

H e&okovopunon puoik@v Topmv HECH TNG OVAKVKAMONG TOV TOPATPOTIOVTIOV TOV YoAvfovpyseimv.

H xatackevn ac@aAréctepov 0d1Koy S1KkTHOV.



E&acparifovtog xpnoelg Yo 1o cHVOAD TV TOPAYOLEVOV CKMOPIMV, OV PEXPL TPOTVOS Bempovvtay
TAPOTPOiOvVTO TNG YaAvPovpyiog EAATTOVETAL 1 AVAYKN Yo XpNoN PLGIKOV ToOpwv. Emopévag dev
amoteiTon mnPOGHETN KATAVAA®GT EVEPYELNS Y10 TNV TAPAYOYT] TPATOV VADV HE EEOPLEN PLOIKMV
netpopdtov. Ocov apopd TV TapaymyKn ddtKaGio Yo TV LETATPOTY| TG TPMTNG VANG 68 TEMKE
Tpoidvta, omartel TNV 1010 KatavaAwon evépyelag pe Vv avtiotoyn daditkacio ota Aatopeia.

XopaKINpIoTIKO TG TOPAy®YIKNG dtadikaciog amotedel To yeyovog 0Tt dev mapdyovtot véa andfinta,
AoV yivetal EKUETAAAELGT] TOV GLVOLOV TNG TTapayOuEVNS mocoTNTas. Emiong, n eneepyacio oe OAa
Ta 6TAdWN YiveTal v ENP® Kol Ol EKTOUTES GTNV OTHOGPALpa fvol evidc Tmv opimv mov &xel Béon n
guponaikn kowvotra. ['evikd dha ta oteped mpoiovta g enefepyaciog elvar ekpetaAledoia amod
mv etarpia, kabdg 1 enelepyacio amoteleital ovolaotikd and Bpadon Kot dywplopd-dtaffaduon
TOV AOPUVAV.

ZHETIKA UE TNV KATOVAAWMOT EVEPYELNG KOL DAMK®OV OgV LIAPYOLV EMOTUO GUYKPLTIKO TOCOTIKA
OTOYElD YlO. TNV KOTOVOA®GOT EVEPYEWNS amd TN YPNON QUOIKOV 1 TEYVNTAOV 0OPOVOV Yo TNV
Kataokev aviioAMoOntikodv odootpopdtev. Eniong, dev £yl avapepbel dtapopd 6Tov TPOTO YPHoNg
TOVG EVM KOTO TN OdpKeEW TNG KOTOOKEVLNG TOL OGQUATOUIYHOTOS Kol TNG 0000TPMGing, Ogv
dnpovpyovvtor Tpodcheta amdOPANTA ATO TV YPTION ASPOVAV OO GKOPI.

Kabng ta adpavn odomotiag ypnoipomoodviol o €pyc OV ATTOVIOL AUESH TNG dNUOGLOG vyeiog,
€youv yivm OO 01 anapa{mrm é?usyxm Ta puod yopaktn ptcru(d TOV adPUVAV TPOEPYOVTAL OO TOL
OLOIKA Xap(mmpwru(a ™mg TPMTNG vkng, dnhadn ™¢ GK(npuxc; nksmpucov KMBdvov, Kor dev
peTafIAAOVTOl  KOTA TNV TOPAy®YK) Owdkacioc 1 HETA TNV EVOMUAT®GYN TOVS  GTOVG
AVTIOAGONTIKOVG TATNTES TV OPOUMV.

8. Epopuoyn e onuavens CE

Tov Méptio Tov 2007 evempatddnke otnv eAAnvikn vopobecia 1 odnyio TG LTOYPEMTIKNG GNHAVOTG
OOV TOV SOIKOV VAIKOV. ZOUP®VO e TNV Vopobesio Ta adpovi] Tov KUKAOPOPOUV, TOAOVVTOL Kol
AVOADVOVTAL Y10 SOpKd £pya oty EALASQ TTPEMEL VO GUULOPPMVOVTOL EITE [LE TOL EVPOTATKA TPOTLTTAL
elte pe Bvponaixn Texvum Eyxpion.

Iapd v Béomon g anoutovpevng vopobesiog Kot TG mapOdov NG TEPLOOV EANCTIKOTNTAS TNG
EQUPUOYNG TNG, N ONUOVOT TOV SOUIK®Y VAMKAOV eEakoiovbel va glval EAATNG, OTOCTOGHOTIKY KOl
OVGIOOTIKG [UT] EQAPUOCTEN. AVTO OPEIAETOL GTNV AOLVOIN TV TEYVIKOV LINPECLDY Vo EAEYEOLV TNV
TPOEAEVOT] TOV SOUIKMOV DAMK®OV Y10 AOYOPLIGHO Tov Kupiov tov €pyov. H mapodog dvo kot mAéov
€T®V omd TNV muepounvior Béomong g mpokelévng vopobeciag dev €xel enmpedost Tov TPOTO
TpounN0elng TOV dOMKOV DAMK®OV armd TAEVPAG EAEYYOV TIGTOTOIMGONG OO TIG TEYVIKESG ETALPEIES, OVTE
€XEL KOTOOTEL OMOPAITTO KPITAPLO Y10 TNV EVOOUAT®MON Tovg and T, KAwudkio enipreyng. H élkenym
EVNULEPMCT|G Y10l T1] OTLLOGI0 TG TLOTOTOINGNG ATOTEAEL TIV CNUAVTIKOTEPT O1TiOL U1 EPAPHOYNS TNG.

H mictomoinon tov Sopik®dv VAKOV mpodmofétel GUYKEKPIUEVEG JOOIKOGIEG EAEYYOV, OOKIUES
TOLOTNTOG, EEEIOIKEVUEVO TPOCOTIKO KOOMDG Kol ToV €THG10 EAeYY0 Omd ToV Qopéa mioTonoinong. Oia
o TOPUTAVE  EMPapHVOVY KOGTOAOYIKGA TOV TOPAYy®YO 1 TOV VOUIHMO OVIWPOCHOTO TOL e
ovvenakoAovdn emPdpovon G TUAG TOV TPOIOVTIOV. X& OVTIOIOOTOAN UE TO. U TIGTOTOUUEVA
adpovi VAKE Tov onoiwv 1 €£6puén Kot mopaywyn YiveTor cuvBWG e TPOYEPES, KOGTOAOYIKA KOl
TOL0TIKG EONVEG peBOdoVG, M emPapuvon AOY® TGTOMOINoNG KAHIGTA OIKOVOUIKA OGVUUPOPE DAKA
OV OYL LOVO TNPovV OAEG amapaitnTeg TPodTodEcelc Tapay®yng oAAG S10TnPOvY Kol QLGTNPOTATO
GUGTNIO TOWOTNTOC. LT TPOKEWEVT] AOITOV TEPITTMO, LEPTIKNG 1 EAAMITOVE EQUPHOYNG KOl TOVTEAOVG



amovciog eréyyov g onpaveng CE o1 mapaywyoi mov cupPadilovv pe tnv vopobesio éxovv capég
TAEOVEKTILLOL.

9. Zvurepdouara

Xe o mepiodo 6mov M e€otkovounon PLGIKGV TOpwV yivetan avaykaio, 1 avakOKA®on Kabiotaton
neplPariroviikd emPefinuévn. Emmiéov, m  Prounyovomomuévn mopaymyikn Swdikacio  Tng
AEIOOPOX A.E. og ocvuvovooud pe tn ovveyn avafaduion tov ypouudv Topoy®myns, TV
LUNYOVNLATOV KoL TY) GTOYEVUEVT] KATAPTIOT| TOV TPOCOTIKOV, SacPOAIovy YoUNAOTATH KATOVAAMOT
evépyelng, to pndevicpud TtV oéptwv puTeV cLUBAAAovTag €161 OPUCTIKA GTNV TPOCTAGIN TOV
nepifdrrovtoc. H onpacia g ofjuoaveng CE ota dopukd vAkd givar peydin népo omd emPefinpévn
kaBdg doeorilel v vymin moldtnTa TPoidvimv Kot vanpecwov. H éldewymn eiéyyov yw v
eQopuoyn onuavong Bétel oe dokpacio v opBOTNTO TOL GLOTAUATOS KOOMG TPLUOOOTEL TOLG
TOPOYDYOVS TOL OEV CLULOPPMVOVTUL LE TN VOUOBEGT.
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[TvpocLGCOUATOGT) VOAOTOMUEVOV ATOPANTOV TPOC TOPAYMDYN
VOAOKEPAUIKDV

E. Bernardo', L. Esposito’, E. Rambaldi’, A. Tucci’, L. Ilovriknc’, T'. N. Ayyehémovroc’

""" Dipartimento di Ingegneria Meccanica - Settore Materiali, Universita di Padova, Via Marzolo
9, 35131 Padova, Italy

Centro Ceramico Bologna, Via Martelli 26, 40138 Bologna, Italy

Epyoaotnpio Yiikav kar Metallovpyiag, Tu. Xnuikav Myyovikav, Hovemotiuio Hozpav, 26500,
Pio, E}dda

NEPIAHYH: I[lopackevdotnkov youniod mopmOovg VOAOKEPOUIKA, HE KVPIEG QACES TIg
€006EVEITN-LOAACTOVITN-TAOYIOKANGTO, L€ TUPOCVGCOUATMCT KOVE®V TPOEPYOUEV®V AT £V
piypo voromomuévey Blopunyovikdv amofAntov (Zidnpalovpiva, mTauevn t€epa omd T Kadon
Atyvitn kot katdAowte amd Tn Agiovon mAokwiov tomov “porcelain stoneware”). Ta avénpéva
EVEPYA KEVIPO TUPNVOTOINGCNG TV AETTO-OAECUEVAOV KOVE®MV VDOAOV, 00NYOUV GE GTUAVIIKOD
Babpot kpvotdrliwon,  oroio gvvondnke omd T 0 MTIKEG GLVOTKES KOTA TNV OTTNON, OKOLO
KOl Yoo TNV TEPInT®ON 7oA ypiyopwv KOKA®V omtnong otovg 900 °C. Avutd ovvelcépepe o€
a&loonueloTeg UNYOVIKEG 1010TNTEG (OVTOYN OF KAUWM Kol UIKpookAnpotto katd Vickers,
vymidtepeg tv 130 MPa kot 7 GPa, avtictorya).

AéCerc Kleldid: MUPOCLOCOUATMON, HNYOVIKEG 1O10TNTEG, VOAOKEpOUKE, Olepyacio Bayer,
Zidnporovpiva, katdlowro Po&itn, «epuBpd MO, ITTAUEVT] TEQPO.



Sintered glass-ceramics from vitrified waste

E. Bernardo', L. Esposito’, E. Rambaldi’, A. Tucci’, Y. Pontikes’, G. N. Angelopoulos®
Dipartimento di Ingegneria Meccanica - Settore Materiali, Universita di Padova, Via Marzolo
9, 35131 Padova, Italy

Centro Ceramico Bologna, Via Martelli 26, 40138 Bologna, Italy

Laboratory of Materials and Metallurgy, Department of Chemical Engineering, University of
Patras, 26500 Rio, Greece

~

ABSTRACT: Dense sintered esseneite-wollastonite-plagioclase glass-ceramics have been
successfully prepared from a vitrified mixture of important inorganic waste (Ferroalumina, fly ash
from lignite combustion and residues from the polishing of porcelain stoneware tiles). The
enhanced nucleation activity of fine glass powders, favoured by particular oxidation conditions,
caused a substantial crystallisation, even in the case of very rapid thermal treatments at 900 °C,
which led to remarkable mechanical properties (bending strength and Vickers micro-hardness
exceeding 130 MPa and 7 GPa, respectively).

Key words: sintering, mechanical properties, glass-ceramics, Bayer process, Ferroalumina, bauxite
residue, red mud, fly ash.



EIZAT'QI'H

H mapaymyn valokepapkdv Oempeital pia 1dwitepa amoteAecatiKy LEB0d0C yia v a&lomoinon
Seopov Prounyovikdv omofAntov, Non ond Tig apyés tov 1960 (Colombo, et al, 2003).
Teyvoloyucd, o onueio kAewdi eivar n ™EN TOV ATOPANTOV TPOG TAPAY®OYT YOUADY, dlEPYOTia
OV EMTVYYAVEL TOPAAANA TV oTtabepomoinon tovg. Ot KOPIEG EQPAPUOYES TOV VAMK®Y OVTOV
glvar ot Propnyavic dopkdv VAKOV (¢ mAakidio damédov, opoPng N VAIKA odomotiag). Ot
TPMOTEG EPAPUOYEC AVTNG TNG TPOGEYYIONG 0POPOVY GTO VOAOKEPULUKE TAOKIOO TOL GUGTAKOATOG
Ca0-Al,0;-S10,, 1o omoio Tapdyovtol amd HETAALOVPYIKEG OKMPIes, TEPPEC Kal amOPANTO 0o
depyocieg efopvéemg ko ynuikég Prounyovieg (Holand and Beall, 2002) yvowotég ot
Biproypapia pe Ta ovopata “Slagsitall” (Sarkisov, 1989) ko “Slagceram” (Davies, ef al., 1970).

ITapd t0 yeyovdg OTL M| TOPAYMYT VOAOKEPAUKDY omd avopyava amdfinta £xer peietndel oe
VYNAO Pabud, vmhpyel axopo M SLVVOTOTNTO OVATTUENG EMUEPOVG TOHEWV TNG OlEPYOTiog
Tapoy@yng Tovg. [ho cvykekpipéva, n cupPaTiKn dlepyacio TAPUywYNG VOAOKEPAK®OV PacileTon
ot XpovoPopa GTAdINL TG TVPNVOTOINGNG KOl KPLOTAAMKNG avamTuéng, To omoio Adpfdavouv
YOPO, KaTd TNV emakorovdn 0épuavon tov yvoitod. Mia evOAAOKTIKY TTPpocEyyion glonydn otnv
lamovia o 1970 ywo v wapoywyn tov vaiokepopik®dv “Neoparies” Tov TPocouoldlovy Gg
puépuoapo (Tashiro, 1985). H diepyosio Paciletar otnv TupocLooOUAT®OON AOY® 1EDSOVG PONC
(viscous flow sintering) KOVIOPTOTOUUEVOL YVLOAIOD HE TOVTOXPOVN KPLGTAAA®GOM, dlepyocio
YvooTh Kot pe To 6vopa “sinter-crystallisation” (Clark and Reed, 1986).

2NV Tapovca PYOcio TUPACKEVACTNKAY VOAOKEPUUKE HeTd amd TEN Propnyovik®dv amofAnTomV
(Zwnparovuiva, onA. katdrowro Pogitn amd T diepyacio Bayer, mwtduevn t€ppa amd Ty Koo
Alyvitn kol KotdAowma amd TV Aeloavon mAokidiov tomov “porcelain stoneware”), o omoia
VoPANON KAV 6€ «opYd» aALd Kol o «ToyV» KOKAO BEppavong.

ITEIPAMATIKH ATAAIKAXIA

Ot A’ vAeg mov ypnoipomodnioay eivar Zidnparovpive (katdrowma Pwéitn and tn depyacio
Bayer) and ™ Bropnyavia Alovuiviov g EALGS0g, RM, uttdpevn t€ppa amd tv Kadon Myvitov
ond ™ A.E.H. Meyadomoing, FA, kot katdiouma amd 1 Prounyovikn Aciavon mAakidiov Tomov
“porcelain stoneware”, PR, ta omoia mpoépyovtal amd éva ydpo amodbeong oty enapyioc Emilia-
Romagna g Itoiiog. To Popnyavikd omdPinta avopiydnkov pe oavorivtikng kabopdtntog
CaCQ;, Sigma Aldrich, omv avoioyio katd Bédpoc RM/FA/PR/CaCO;=10/29/40/21. H t&n tov
piypatog €yve og ywvevmplo mAaativag otovg 1400 °C yuwo 2 h. H yoén mpaypoatomombnke pe
YOTELGN GE Yuyp1| TAGKa, amd xdAvpa. Ta Opavcuata yvaAilon Tov Tpoékvyay Aglotpindnkay ce
SQAIPOUVAD GE ENpn KATAoTOON Kol TPOEKLYAY dVO TToldTNTEG e PEYIoTN O1dotaon KOkKwov 37
um kot 75 pm avtictoryo. H ynpiki obdotaon Tov yuoAlon, TpocdlopicTKE PE QUGLOTOCKOTIOL
atopikng ekmopunng, ICP - OES Optima 3200 XL, Perkin Elmer. Ta amoteAéopota oe %Kp, Exovv:
Si0,: 46.06, Al,O3: 15.29, TiO,: 1.32, Fe,0;: 8.61, CaO: 22.72, MgO: 2.13, K,0: 1.08, Na,O: 2.53,
Zr0;,: 0.02, Aowd: 0.24. H dwotaropetpia, 402E Netzsch, mpaypoatonombnke ce pdfodo yvaiion
eva 1 dtopopikn Bepuuikn avdivon, STA409, Netzsch, mpaypotonomdnke oto yovopoxkokko (<75
Um) Kot AEnTOKOKKO YoM (<37 um) pe puouod 0épuavong 10°C/min.

T v TOpAcKELT] TOV KEPALK®Y, TO AETTOKOKKO YVOM cuumiéstnke povo-agovikd ota 40MPa
(xopig binder) ce yaAOPOvO KOAOOTL, Kot Tposkvyay diokia, pe dduetpo 31 mm mepimov, Ko
maporAnAeninedo mAakid (oe mm), 40 x 30 x 3. Bdon tov oanotelecudtov, 1 OTTNON TOV



dokiimv €yve e dvo JPOPETIKOVG KOKAOVG Béppavong. O «apyds» KOKAOG OTTNONG NTAV UE
10°C/min péypt Toug 900 °C (n Beppokpacio kpvotdrirmong, Ewova 1), pe ypovo mopapovig ot
C{dvn 6mong 0-3 h. O «tayvo» Khkhog mepteAdpPove elcaywyn TV SIoKi®V 6TOV TPOBEPLAGUEVO
@ovpvo otovg 900 °C pe ypovo 6mtnong 0.5-1 h. Kot ot d0vo kdxkAot 001 yNcov G€ KAPE YPMDUATOG
ovumayn dokipia. H woén mpaypatomofnke vidg 1ov godpvov g OAES TIC TEPUTTOOELS.

Mo ™ pétpnon Tov unyovikav 110ttoyv, arokonnkay dokipe (o mm) 3 x 2 x 30 mepinov amd
To, TOpoAANAETineda detypata Kol Asldvinke 1 emedveld tovg kal ot akuég pe SiC yaptid kot
dwpavtonoota, pExpt T 6 um. To pétpo eracTikdOTNTAg UETPNONKE UEC® UM KOTAGTPOPIKNG
TEYVIKNG Paciopévn ot ocvyvotnta cvvrovicpov, GrindoSonic MkS. H avtoyn oe kauym
petpnOnke oe diataln tescapwv onpeinv (24 mm e£mtepikd dvorypo, 8 mm £0MTEPIKO AVOLYLLOL)
pe unyovn Instron 1121 UTS ko toyvnto petatdmiong g keeaing 0.5mm/min. Kébe onueio
OVTITPOCHOTEVEL TO WEGO Opo TovAQyotov 10 petpnoemv. Emideypéva Aswacuévo deiypota
ypnooromdnkay yio ™ pikpookinpopetpia, HV, katd Vickers, pe @optio SN. H poawvopevn
TUKVOTNTO TOV TUPOCVGGMIATMOUEVOV VOAOKEPAUKOV LETPONKE BAon TNG apyNS TOV ApyLUnon.
TovAdyiotov déka detypota ypnoomombnkay o kabe mepintmon. H (mpaypotikn) mokvotnta
TOV VOAOKEPOUIK®OV HETpNOnke pécw mukvouetpiog agpiov, Micromeritics, AccuPyc 1330, cg
Kovioptomompévo detypo. H pukpodopr] perlethOnke pe MAEKTPOVIKY] WKPOCKOTIO, GAp®ONG,
Philips XL 30 ESEM, oce Actaouéva Octypoata. Ot kpuoTaAMKEC PAGELS TPOGOOPIoTNKAY GE
Kovioptomomuéva vorokepapkd pe tepibiaon aktveov X, Philips PW 3710, axtivoBoria CuKa,
VO Ta hopaTo avoivdnkay pe to mpdypappa “Match!” to omoio Baciletor onv Pdomn dedopévmv
PDF-2. H nuumocotikn avdivorn tov eacemv mpayuatortodnke pe to tpoypappa “MAUD” 1o
omoio Paciletarl o€ kpuoTaAAoypaPIKA dedopéva TG Pdong dedopuévav ICSD.

AIIOTEAEEMATA

And v Ewodva 1 mpokdmter 6Tt T0 YvoAl €xel TAOT YO EMPOVEINKT] KPLOTOAAW®GT: TO
YOVOPOKOKKO Yuol eppavilel dvo pikpng éviaong kopuepéc otovg 1000 kot 1080 °C, og avtibeon
LE TO AEMTOKOKKO TO 07010 Topovctalel dvo évroveg eEdbBepuec kopveég otovg 900 kan 960 °C
nepinov. H Beppoxpacio eppdviong g mpatng eEnbepunc avtidpacng yio T0 AETTOKOKKO YUOAL
&xel ypnowomombel ¢ avagopd yw TN peténerta diepyacia  “sinter-crystallisation”. H
Oeppoxpacio ot €ivol GNUOVTIKA VYNAOTEPT 0O TO oTpeio LaAdKLVGNG OTMG TPOKVTTEL OO TN
dwotaropetpia, mepimov 700 °C, Ewova 1. H dwpopd peta&d tov dvo avtdv Beppokpaciov
(AT), mepimov 200 °C, givar evBappLVTIKN Y10 TV TUPOCVGGMOUATMOGT TOV AETTOKOKKOL YLOAOV.
2oupova Kot pe  dAAovg epevvntés (Bernardo, et al, 2005, Bernardo, et al., 2004)
TLPOGVOCOUATOOT AOY® 1EDI0VE pong cupPaivel ikavomomTikd yio 50-100 °C vymAdtepa amd T0
onueio HOAGKLVOTG, OTMG TPOKVATEL Ao TN dlacTtolopueTpio. Me dedopévo OTL T0 onueio avTo
glvar otoug 700 °C vy 10 Tap®OV YLOAl, avapévetal 0Tl Tuposvoowpdtwon otovg 900 °C Ba
001 YNOEL GE TKOVOTOUTIKG ATOTEAEGLLOTOL.

An6 v Ewodvo 2 mpoxvmrer OtL 1M Oigpyacio sinter-crystallisation odnynoe oe €éviovn
KPLOTAAAWDGT, AKOWO Y10 OYETIKE HKPOVG XPOVOLS TOPOLOVIG 0T HEYIOTN Beppokpacio (w¢ Kot
yio 0 h). Ot KpuoTOAAIKEG QACEIS OV ovoyvopioTnkoy ivolr TopdEevol, Onwg €6GeVEITNG
(CaFeHAlSiOé) Kol ovyitng ((Mgo,ﬁFez’*o_zAlo,z)Ca(Sil,5A10_5)06), mAayoKlooto, O6mwg Ca-Na
dotplor (Aappadopitng, Nag,CapeAl; 6Si240g, kot aAfitng, NaAlSiz;Og), ko Polactovitng (B-
CaSiO;). O payvntitng (Fe*'Fe’,0,) eivon emiong mbavd va eivar mapdv odAé vmépyet
OAANAOETIKAAVYN TOV OVOKAGGEDY TOV UE OVTEG TV TUPOEEVOV.

H oeipd kpvotdidhmong mbavotato EEKVAEL Le TPAOTES PAGELG TOVG TVPOEEVOLG, Ol OTToioL Eiva
mopdvteg akopa kot ywo 0 h mapapovr ot Cdvn 6mInong, Kot TEAE®VEL pe Tov PoAactovitn, o



omoiog elval TapdV g LYNAOTEPO TOG0GTO Yo 2 h mapapovr. Meyodivtepog ypovog OTTNoNG deV
emmpedlel aotnTd TV KPLOTAAL®GT KABMG OEV TPOKLITOVY VEEC OVOKAACELS 1 HETAPOAN OTIC
EVTAGELS TOV NON vITapyovodv 6to eacpo XRD. H numosotikni avédivon, Ewkdva 2, yio to delyua
petd amd ontnon 2 h pe «opyod» KOKLO, PAVEPOVEL APKETE VYNATY KPLOTAAMKOTTA TG TAENG TOV
80%k.06. O goceveltg kot o AaPpadopitng avrictoryovv 1o 30%K.0. mepimov Tov GLVOLOL TV
KPLOTOAAIK®V @dcewv. O Bolactovitng avtiotoyel mepinov oto 19%K.06. evd o avyitng kot o
oABitng etvan mepimov 10%k.6. O goceveitng anavtdTol omdvia Kot yapoktnpiletal amd vynio
nocootd Al omv tetpagdpicy Oéom avtiotoduiloviag to EAkepa Sit ko exteTopévn
avtikatdotacn Mg and Fe’™ (Cosca and Peacor, 1987). H kpvotériwon tov actpiov sivat eniong
a&loonpeintn Kobmg oto PacUATIKG VOAOKEPUUIKE Ol AOTPLOL TUTIKG GUUUETEYOVY GTNV LOAMOT
@aon (Holand and Beall, 2002). Agdopévov Tov vynAob TOGOGTOV TOGO TOL EGGEVEITH OGO KOl TV
OAOVUIVOTTUPITIKAOY, TO TAPOVIO VAAOKEPAUIKA glvor  ovykpiowo HOVO HE  avtd  TTOv
mopackevdotnkay and tovg Leroy, et al., 2001, and yvald to omoio mponABav petd amd tEN
IMTAUEVOV TEPP®V AVOpOKO, KAl To OTTOla Y0V EGOEVEITN 0€ GUVOLOCUO LE VEQELIVT).
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Ewova 1. Kourdin drootatouetpiog kou Ewcova 2. Doouara XRD twv
DTA y10. 70 yovdpoxoxko ko AeTrokokko vatokepopukay yio, avlovougvo ypovo
YOOAL ontnong.

H o&edmtikn 6ta0un tov Fe givar onpeio kAedi yuo v e£éMén g kpvotdAhoong. Ta ofeida
TOV OWNPOV G€ Yvalld mpoepyduevo, ond tEN Pacaitdv elval YvooTd OTL gvioyDOLY TNV
mupnvonoinon e cvocoudtoon Wvtov Fe'™ ko mpokdmtel payvntitne, tomikd petafd 650 kat
800°C, o omoiog eite mopapével TNV TEAIKT LUKPOOOUN €iTe GUUUETEYEL GTO GTEPED dAVLA TV
mopo&évav (Holand and Beall, 2002). Zto mapovta vorokepapkd, Bdon g avaivong Rietveld,
mpokvmTEL 0Tl To. 16vta. Fe’™ ovppetéyouy otovg kpuoTtdAlovg Tov eooeveity kar avyitn. H
ovupetoyn tov Fe otn @don tov poyvntitn eivon exiong mbavi aArd 10 T10606Td TOL VIOAOYIleTOL
amd v avaivon Rietveld givar poiig 1% to omolo eumintel 6Ta OpLo TOL GPAAUATOG.

H empdveln tov yooAiov Enoiée mbavotata Eva emmpocheto poOAO GTNV KPLGTAAA®GT TOVG. AT
mv Ewéva 3 mpoxdmtel 011 10 Aemtdkokko YvoAl epgoviler avénon tov Pdpovg Tov oTNV
Oepuokpaciaxn meproyn 650-800 °C. Avtd amodidetor mbavotata o avénon tng o&eidwong (Aoy®
HeyoAdTEPNG E181KNC EmQAveLaS) Tpog oynpatiopnd Fe'. T to xovdpdkokko yvoli, mapatnpeitot
avtiotoymn avénon Pdpovg aArd oe vymAGTEPN Beprokpacio Kot Yo LeYOADTEPO €VPOC. AVLTH M
VOTEPNON UTOPEL Vo elval 0 AOYOG Yo TNV WIKPOTEPT) KPLOTAAAMGY] TOV TopaTnPRONKe yioo o
YOVOPOKOKKO YAl atovg 1000 °C.

H peyddn avantoén kpuotdhlov giye moAd Betikn emidpacmn OTIG UNYOVIKEG 1O10TNTES, OMMG
nmpokvntel and tov Ilivaka 1. Ot Tpég yuoo to PETPO EANGTIKOTNTOC, OVTOYN| O KOAUWN Kot



piKpookAnpotnta katd Vickers givoil onpovtiKd VYNAOTEPES GLYKPIVOLUEVEG LE TO, KOV KEPOKE,
KOl HE TO VAAOKEPAUIKA TOTOV €6GEVEITN-vEPEAiv Tov Tpoavapéptnkoay (Leroy, et al, 2001).
AvtiBétac, n avioyn oe kapyn (>100 MPa) kot 1 pukposkinpotnta (>7 GPa) sivor cuykpioieg pe
To avtiotoyo HeyEédn tov varokepopikov omd to npote g Alpvobdlaccoc g Bevetiag
(Brusatin, et al., 2005).

Hivoxog. 1. Dooikes ko unyoviKés 1010THTES TWV DOAOKEPOUIKDV.

Xpovog Mixpo-
Ocpuoxpacio. oty s Douvouevy  Kleioro Mémpo Avtoyn oe  orlnpotnta
omTnong Covy vro TUKVOTHTO. TOPWOES EAQOTIKOTHTOS — KOUWN KaTa,
(°C) ontnong oraons (g/em’)  (vol. %) (GPa) (MPa) Vickers
(h) (GPa)
900 0.5 «opyoe» 2.82+0.01 4.2 99.4+12 89.6+£22.6
900 1 «opydo» 2.84+0.02 4.9 99.9+0.7 1009=x144
900 2 «opyosy 2.84 +0.01 4.4 125.8+4.6 132.6%£16.5 73+03
900 0.5  «toydo» 2.80+0.02 5.6 972+£7.0 96.5+15.7
900 1 «tayogy 2.82+0.01 3.8 103.2+£69 1029£20.5 7.0+£0.3

H mopatmpodpevn tayeio KpuoTdAAwon amotélece o epEBiopa yio emmpdcsbeta mepdpata, 6mov
TO, CUUTLECUEVO, YVOALE €lGayovTal Katevbeiovy 6Tto @ovpvo otn Beprokpacio. KPLGTAAA®GNG Y
ppo oxetikd xpovo 0.5 and 1 h, og avtictoyia pe T0 Yp1yopo KOKAO OTTNONG TOV £Qoproletat
o™ Prounyavia Thaxdiov (Bernardo, 2008, Bernardo and Scarinci, 2008).

H ovykpion tov gacudtov XRD, petadd tov detyudtov mov £xovv vroPAndel oe «opyd» Kot o€
«toh» KOKAO Yo Tov 1010 xpovo mapapovig otn {ovn émtnong, Ewova 4, deiyvel 6t N Toyeio
omtnon dgv odlapopomotel évrova Tov Poabud kpvotdAiwong. Ievikd, Okeg ot avakiicelg
gueavifovv Myo HIKpOTEPT £VIOOTN GTO VOAOKEPOLKO OV £yl VTOPANOEl o€ TOD KOKAO, LE TTLO
évtovn dwapopomoinon yw 20 (°) = 28 mov avtiotoryel otov AaPpadopitn kot aAPitn.

. Xovdpodrokko
i —  AemtdKoKKO

1h «tay0ey kuKhog

Intensity (a.u.)

MetaBory Bapovg, %

1h «opydey kbkhog
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Ewcova 3.Ocpuopopouctpixn avitoon yio. Ewcova 4. Xoyrpion twv pooudrwv XRD
T0 AETTOKOKKO KO YOVOPOKOKKO YDOAL YLO. TOVG OLOPOPETIKODS KOKAOVS OTTTHONG
(1 h wopopovi arovg 900 °C).

Ta vynAd Toc00TA KpvoTaAMKOTNTOG emPefatmOnkay kot and v avaivon SEM, Ewéva 5. H
£VTOVT EUPAVIOT] KPUOTAAL®V givail 0patr Kol Yo TOLg 600 KOKAoLG omtnong. [ pikpod xpdvo ot



Covn omtnong, 30 min, Ewodva S5a kot Sc, mapovoidleton o couvOetn pkpodoun, Tomov “coast and
island” («oxtn wou vnoi»), pe apketég meploxés («vnoin) vo mepiffddlovror amd KpLGTAAAOVG
(«axt). O avolytoyp®UOL KPUGTOAAOL AVTIGTOLYOVV GTOVG TLPOEEVOVG KOl gp@avilovTal 6Tnv
EMPAVELD, TOV, TPV TNV TVPOSVOCOUATOGCT], KOKK®V Yuaiov. H kpvotadhkn avdmtuén Aappdvel
YOPO TPOC TO €0MTEPIKO, (VN «A» ommv Ewdva S5a, evd vrdpyovv kol KpOOTOALOL TOL
eppaviCouv devdprtikn avamtuén, Lovn «B» oty Ewdva Sa. H devdprtikn| avarntoén ivar cuvinng
v Toug Topodéevoug (Holand and Beall, 2002) kot copfati pe T 6VGTOCT] TOV VOAOKEPOUIKOD.
Ta «vnody SEEPOLY OC TPOG TNV TUKVOTNTO TOV KPLUGTAAA®V KOl TO €0POG TOV OACTUCEDY
TOVG Y10 TOVG OVO SLOPOPETIKOVG KOKAOVG Omtnomng. Ev yével, o «apydc» kdKAog odnynoe oe
avénuévn kpuotadikn avartoén, Ewkova 5a, cuykpitikd pe tov «tayd» kokio, Ewova Sc. Avti
doun elvar oe ovpeovio pe v KpuotdAimon tev aotpiov (Bernardo, et al, 2007) kot Tig
dwapoponomcelg ota XRD @dopata, Ewova 4. Avénon tov ypdvov oémmnong o€ 1 h, odnyei og
TEPALTEPM EVIGYVON TNG KPLOTAAAwaNG, Eucova 5b kan 5d. Ta «apyd» kiokho gpoaviCovrar eniong
EMUNKELS, WMDOELS KPOOTOAAOL Ol 07010 ATOdidoVTaL GTOV PoAacTOViTn, TNV TEAELTAIN PACT TTOV
KPUOTOAADVETOL.

Eixova 5. Eucoveg SEM (omioBookedaloviwmv nlektpoviav) twv voLOKEPOUIKDY UETC. ATO
omtnon otovg 900 °C, yio: a) «apyoy koxlo, 0.5 h wapauovy, b) «apyor koxio, 1 h mopopovy, c)
«toyO» koklo, 0.5 h mopouovy, d) «toyvy koxlo, 1 h mopouova.

YYMIIEPAXMATA

e Buounyovikd omdfinta, 6tmg Zidnpaiovpiva (kotdrowma PBo&itn amd tn diepyacio Bayer),
WTAUEV] TEPPO OO TNV KaOOoN AyVIT®V Kol KotdAouwwa omd Tn Propnyovikny Aeiovon
TAOKISI®V, HITOPOVV VO GUVOVAGTOVV KATAAANAN KoL LETA 0md TREN VO GYNUOTIOTEL £val YOOl
LE TAOT YO EMPAVEINKT KPUOTAAAW®OT TO OTOI0 PTOPEl UETEMELTA VO LETACYNUOTIOTEL G
TOAVPOAGIKO VOAOKEPALLIKO.

e H toysio emooaveoxkn KpuoTtdAlwon amodidetal oty o&ewdmtikn otabun tov Fe, o omoiog



EMTPOCHETO EVIGYVEL TNV AVATTLEN TOL ECCEVETTN (OC W10, 0T TIG KOPLEG PACELS,

o To avEnuéva evepyd KEVTIPO TLPNVOTOINGNEC TOL AETTOKOKKOL YVOALOD EMITPEMOVY «TOL»
Oeprikd KOKAO pe TOAD TKOVOTOMTIKG OTOTEAEGLLOTA, Y10 TI PUOIKOUNYOVIKEG O10TNTEG TV
TEMKAOV TTPOIOVI®OV. AvTd €ivol VTOGYOUEVO YO0 TNV TOPAYMOYH VOAOKEPOUIKAOV UE TNV
KaO1EpOUEVT), OTTAT] KoL OUKOVOUIKT] SIEPYOTTIO TUPAYWOYNG TOV KEPAUIKDY TAAKIOI®V.

e H onpavtikd vynin KpuoTtdAhoon TV VOAOKEPAUKDOY 00NYNGE & AEI0CTUEIMTEG UNYOVIKEG
WO10TNTEG, UE TNV avTOYN| O€ KApW™ Kot TV pikpookAnpdtnto katd Vickers va vrepfaivouv ta
100 MPa kot 7 GPa avtictouya.
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Aéeig kherdia: Intapevn 1€opa, TEQpo TuOUEVE, KaOGT AyviT!, TUPOGVGCOUATMGCT), KEPOLLKAL

HEPIAHYH: H gpsovnuiki avt] epyacio eotidaletor omn Olgpediviion TV dUVOTOTHTOV
TUPOCVOCMOUATOONG WTALEVIG TEQPOS Kol VYPNG TéPpag (téppag muBuéva), vyming %
meplekTikotToS o€ Ca, Tapampoiovimv Kavong Ayvitn aTUONAEKTPIKOD oTafpov TG AVTIKNG
Moxkedoviag, mpokeyévov va mapoackevachobv kepapukd. e 1o oxomd avtd, £yive
TPOETOINOGIO EVPEING CEPAG UEIYUATOV WMTAUEVNC/VYPNG TEQPAG, EPOUPUOCTIKOY OTAEG KoL
OIKOVOLIKEG  TEYVIKEG — emefepyaoiog KOVE®V Yoo TV TOPOOKELN]  JoKimv Kot
Beitictomomniav ot mapduetpoi g Atepegvvnbnke emiong n ypnon H,O ko CaO g
Bertiotik®v mpocsBEétwv. MeTd TV TLPOGUGGOUATOOCT TOV APYIKOV HOPOOUATOV GTOVG
1100°C, n pikpodoun mov mpoékvye eketdotnke pe mepidloon axtivov X (XRD) kabbhg kot
niekTpoviky] pikpookomio cdpmong (SEM) ce cuvovooud pe QOGUOTOCKOTIO JOXEOUEVNC
evépyewng (EDX). Zopowova pe to amoteAéopata TV oavoAcE®Y, To VAIKA Tov eAnedncav
Swbétouv amodekt) pkpodoun kepapkod. To mopddeg molkidel availoyo HE TN GYETIKN
ovvOeom wmrhpevnc/vypng T€epac, Kobmg kar pe v % neptektikotnta o€ HoO kot emmpdcheto
Ca0, kot emopévag etvan duvatdv vo puBueTel KaTaAAAWC.

Microstructure of sintered lignite combustion ashes

A. Moutsatsou®, V. Karayannis?, E. Katsika’

'Laboratory of Inorganic and Analytical Chemistry, School of Chemical Engineering, N.T.U.A.,
9 Iroon Polytechniou str., 15773 Zografou Campus, Athens, Greece.

’Department of Pollution Control Technologies, Technological Educational Institute of West
Macedonia, 50100 Kila, Kozani, Greece.

Key words: Fly ash, bottom ash, lignite combustion, sintering, ceramics

ABSTRACT: The current study focuses on the investigation of sintering of rich-in-Ca fly ash
and bottom ash, originated from a lignite combustion power plant in West Macedonia - Greece,
for ceramics fabrication, an alternative application in order to recycle the high ash output in the
country. For that purpose, various fly/bottom ash mixtures were prepared and simple powder
processing techniques were applied. The incorporation of H,O and CaO as fabrication additives
was tested. After sintering at 1100°C, the microstructure obtained was investigated by XRD and
SEM-EDX analyses. The materials developed showed acceptable microstructure. Porosity
varies with the relative FA/BA composition and with the % content of fabrication additives, and
therefore it can be tailored accordingly.



1 EIZAI'QI'H

H dwyeipion tov tepactiov mocot|tev TéQPag TOL Tapdyoviol €INCimg ToPApEVEL Eval
ONUOVTIKO TPOPANUO 0E TOAAL LEPN TOL KOGHOL, OESOUEVOL UAAMOTO OTL M LEYOAN €101KN
empavel Tov copatdiov wmrapevng téepog (IT) odnyel oe gumiovTiond TOVG pe duVNTIKA
eMKivOLVES oTOLYEOKES TPOGUEIEELS O1 OTTOlEG CLUTVKVAOVOVTAL KUPIMG GTNV EMPAVELD KATE TN
duwipkela yoéne tov kavcaepiov [Polic k.o. 2005]. Qotdéco, povov éva HIKpO TOGOGTO
mocotntwv IT odnysitor onuepa y ovakOKA®oN oty  tolpuevioflopnyovia, &ved ot
HEYOADTEPES TOGOTNTES KATAANYOLV og Kamolwr popen evamobeonc. Kabiotator emopévog
avaykaio 1 ovanTtuEn EVOAAOKTIKOV EPUPUOY®OV otV KatedBuvon avakOKA®oNG TV
TOPOYOUEVAOV UEYAAWDV TOGOTNTMV TEPPAS MG YPNGILOV Plopnyovikod TopampoiovIog Kot L
ATOPPLYNG TNG G ATOPANTOV.

[ToArol epevvntéc €yovv mpoomabncel vo avamtHEOLY EVOLIPEPOVGEG EPAPUOYES CYETIKA.
Yvykekpéva, IT éxer vmootel enelepyocia yio va dpdoet og cvvBetucog {edobog yoo Tnv
ATOKOTAGTOCT €00V TToL £yovv pumovlel pe Bapéa péraiia [Moutsatsou k.a. 2006]. IT oe
popen ovumvkvoudtov (pellets) éxet Mon efetaotel pe emtvyio ®G TPOGPOENTIKO HECO
YOUNAOD KOGTOVG Yl TNV amopdkpuven 1ovtov Cu kot Cd and vdatikd dwadvpatoe [Papandreou
k.o 2007]. Axoun, ta copotidw IT wor vypng téepoag (YT) oSwbétovv evdiapépovia
TPPOAOYIKA YOPOKTINPIOTIKA, KOl G €K TOVTOL €xel dlepevvnBel ko 1 enidpact Tovg otV
TpPoroyiKr| cuumeplpopd cuvhEétmv vAkdv [Malhotra k.a. 2002].

H ovumdkvoon IT (pelletization) mpog oynuaticpd era@pofopdv GLGOCOUUTOUATOV Yo
TOWKIAEC YPNOELS, CLUTEPIAAUPBOVOLEVIIC TNG TOPAY®YNG OKLPOJEUATOS KOl YEMTE(VIKMOV
EQUPUOYDV, Ba pumopovce vo amotelécel o akoun 01E&odo oto mPOPAnua dwyxeipiong g
téppog [Arslan k.a. 2006, VIahovic k.a. 2007, Baykal x.a. 2000]. T'evikdtepa, 1 xpnoiporoinon
g IT otov xotaokevaoTikd Topéa ovopévetor vo avénbel. MaMota, apKeETEC EPEVVITIKEG
gpyooieg eotialovv 10 evolapépov Tovg otnv mpocHnkn IT oe pelypato mmioyopdtov, o
Slaeopovg cLVIVAGUODS KOl OVOAOYIEG, YL TNV TOPOCKELT TOPASOCIHKMV OTKOOOMK®DV
TOOPAOV Kot TAOKIOI®V, e OVEKTEG OMOKAICELS OO TIC TPOJLYPOUPES N OKOUN Kot pe Pertioon
TOV  YOPOKTINPIOTIKOV TOV TEAIK®V TPOIOVI®V, GE OLVAPTNON UE TNV  €KACTOTE
XPNOWOTO0VHEVT Pacikn TpdTH VAN KabdG Kot 1o €i60g TG mpootOéuevng téppag [Spiliotis
k.o.. 2007, Zimmer «.o. 2007, Mishulovich k.a. 2003, DCCA 2002, Fatih k.o. 2001, Queralt «.a.
1997, Berto 2007]. AAMwote, OAO KOl TEPIGGOTEPO KEPOUIKE VAIKEG TopOovG1AlovVTol 6TIG HEPES
HOG 6TV ayopd amd TOKIAES TPMTEG VAEG KOl LE YOPAKTNPIOTIKA KOl 0Tdd00T Tov EEmepvovv
apketd Tig ovpuPartikéc ypnoelg. H IT pmopel va Bewpnbel ehvotikn mpdtn VAN yuo v
Kepopikn Propnyovia, dedopévou 6TL 1 Topttia kot n cdovpiva cvumeptiapupdvoviot petad Tmv
KUPLOTEPOV GLOTATIK®V TNG. Emiong 1o cpapikd copatidio Kot ot KpOHGTOAAOL HOVAAITY TTOL
TEPIEXEL €V 1OEMON YLOL TN OMHOLPYID KATO0G «IOTEPATHTNTAG) TOV KEPUUIKOD (DOTE Vol
npowbeitan n TANpéotepn 6mNoN pésa oTov Oyko Tov. Axoun, IT pmopel va emdeyel yia va
TPOGIMGEL GTO TPOIOV EOIKE YpDOUOTO T AAAES 1010TNTEG TTOL dgV glvar duvaTov va emitevyBodv
pe ta kowd mnioydpata [Hughes 1995]. Emmpocsbétac,  IT eivon cvvfmg Aemtopepng kot
€VKOAMG Olobéoiur, Kol KATO CUVETEWL 1] YPNON TNG HEUDVEL TIS OMALTHOE TOV TPDOTOV
oTOdI®MV TOPAy®YNG TOVPA®Y OO YOUOTH KOl ETOUEVMG Kol TO KOGTOG Topay®myNc. 261060, 1|
evoopdtoon IT oto peiypa Tov TpdTOV VAGV Yo TNV Tapaymyr To0fAmv orndvia £yl vrepPel
éva 30% tov petypartog [Lingling x.a. 2005], kupimg e&attiag acvupfatdtnrag TG TEQPIS LE TO
YOUOTO KOTE TO OTAdI0 TAPOYW®YNG, WOIUTEPA OE AVOQOPIKE UE U0 UEIWHEVT] TAAGTIKOTNTO
HELYHAT®V e VYNAGL TOGOOTA TEPPAS, TOV 00NYel o8 duokoAieg eEmbnong g TAacTikng nalog
v popeonoinorn. Ta televtaio ypdvia, Se&dyston €pevva Yo TV oVOATTLEN KEPOUIKDV
ypnoonoidvtag 100% mg mpdtn VAN S1dpOopEeg TEPPEG KADOTG KATOLG LopPNG dvOpaka, LE 1
Yopic TNV EVoOUdT®ON TPochitev, TETOImY OTMG VEPO, EVAOGELG POpaka, TAAKNG, TOIUEVTO,
TVPOPLAAITNG, AoPECTOC, TVES, Kot aKOUN Kol GALEG OVOPYOAVES, OPYOVIKEG 1] GOVOETEC DAEG, Kot
pe Olepebvnor PEATIOTOMOINGNG TOV TOPOUETP®V NG Topay®ykng dwudikaciog [Adell x.o.



2008, Erol x.a. 2008, Kim «x.a. 2008, Zabielska-Adamska 2008, Chandra x.a. 2008, Uwe «.o.
2007, Chandra «.a. 2005, Sear 2005, Liu k.a. 2005, Kayali 2005, llic k.a.. 2003, Benavidez «.a.
2003, Yoo x.a 2003].

H mapovoa gpguvntikn epyoacio eoTidleTtol oty AVATTLEN KEPAULKMDY UE XPNOTN O TPAOTNG
VNG amoxielotikd kot povov IT war YT vyning % meplektikodmrog o Ca, mapompoiovimv
Kavong Atyvitn atponiextpikod otabuod g Avtikng Makedoviag. Tétoeg IT vyniov Ca,
nepiEyovoes Kot eddytoto 50% amd SiO,+AlLOs+Fe,03, katnyopromotovvtol katd ASTM wg
IT katnyopiag-C. Enpetwtéov 6Tt mapovstdlovv ToloAaviKég Kot VOPOVAIKES 1010TNTEG XAPT
670 VYNAO mocootd Cal 1o omoio PTOPEl VO GUVEICPEPEL WG PVGIKO GUVOETIKO Kol KOTA TNV
mapookev] Kepapukadv. Emonpaiveton 611, av kot mtocdtreg IT g tééng tov 11,5 ek. 16vav
TOPAYOVTOL ETNGIOG KATE TNV KAHGT ALyviTn Y10 NAEKTPOTAPAY®YN OTN XDPA, EK TOV 0TIV TO
80% oTig povadeg ¢ Avtikng Maxedoviag, povov éva pkpd mocootd aE0ToEiTon 68 KATOES
ypnoels [Tsimas x.a. 2005, Papadakis 2000, Ftikos x.a. 1985]. Ilépav g mepiPariovTikig
dudotaong, Oa mpémel vo emionuoviodv Kol TO. OUKOVOUIKG TAEOVEKTNUOTO OTO TO YOUNAO
KOGTOG TV €V AOY® BLOUNXOVIKGV TOpOTPoiovI®mV, akoun o Kot kdmowa mhavr eotkovounon
EVEPYELOG KOTA TNV OmTNom tov peryudtov xdpn omv oiloonueint % meplekTikdTnTo oF
drovoto dvBpaka. Xto TAAIGI0 AVTO, EQPAPUOGTNKAY OTAES TEXVIKEG emelepyaciag KOVE®V Yo
mv  mopackevn dokiov  amd  mowila pelypota  IT/YT, «xotefAndn mpoomdabein
BektioTomoinong TV TapapéTpwy TG Sadkaciog Kot eEETAGTNKE 1) LIKPOSOUT TOV SOKIHimV.
Hapdriinia, diepguvinke o porog g xpnotponoinong H,O kabdg kan emmpocshétov CaO oto
TEAIKO OTOTEAEGLO.

2 TIEIPAMATIKH AIAAIKAZIA

2.1 Ilpwreg dleg

H ymuwn avéivon tov detypdtov IT ko YT tov Aryvitikod atuonAektpikod otadpol mov
ypMNoLoTodnKay g TpdTeg VAEG divetar otov akoiovbo [livaka 1.

[Mivakog 1. Xnuikn avaivon tov derypdtov mrtauevng téeppag (IT) kot vypng téepoac (YT)

ZI’)GT(XGH S|02 A|203 FeZOg CaO I\/IgO 803 Nazo Kzo AndAg0
(%) ITopwong
IT 30,16 1493 5,10 3499 2,69 6,28 1,01 0,40 3,95
YT 27,12 9,40 5,65 26,56* 268 3,13 0,89 2,97 1945

* EAevfepo CaOf: 5,87%

AVOQOopIKG LE TN UOPPOAOYID TV COUATIOIMV TAUEVNG TEPPAS, OTMUEIDVETOL OTL UEPIKA
COUOTIOW TEPPUC AAUPAVOLY LOPEPT] KEVOGOUIPOS, TOV AOKTEITAL KOTA TN oTiyaio Yyoén Tav
KODOAEPIOV KATA TNV ETOQT TOVG LE TOV aéPa, KOl OQEILETOL GE QUVAELS ETLPAVELOKNG TAGTC
OV €VEPYOVV GTO THYMO Katd Tnv yoén yio gloylotomoinon g eAevbepnC EMPOVELOKNAG
gvépyelag [Mollah k.a. 1999]. TTdvtog, avevpickovial eniong couatidlo pe mo aKavOvIeTO
oynua. evikd, ocOdppova pe to mpoavagepbivio yopakplotikd, ot EAAnvikéc téppec
KpivovTtal KOTAAANAES OC TPMTEC VAEC Y10 TNV TOPOCKEVT KEPOLUKDV.

2.2 Tlopookevn 00KIUIWV TEPPOAS

Ta detypoto TéQpOg mTOV EANOONCAV OAECTNKAY KOL ETOYLAGTNKE EVPEING CLOTAGENS GEPA
uerypatov IT/YT, dnog paivetor kKot otov Iivoaka 2.



IMivakag 2. Melypata IT/YT kot cuvdetikmdv vAK®OV
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INo v mopackevn SoKyioV €QAPUOCTNKAY OTAEG KOl OWKOVOUIKES TEYVIKEG emelepyaciog
KOVE@V. XVYKEKPLUEVO, TO UEIYHOTO CUUTIEGTNKAV €V Yoypd O©€ avVOEEIdMTN UATPAL Yid.
OYNUATICUO OPYIKAOV KOAMVOIPIKGOV doKiiov dtapétpov 1,3 cm popeng diokiov. H mokvomta
KOl 1 OVIOYN TOV HOPeOUATOV Tov eANencav a&lodoynOnke kot €ywve Peltictomoinon tov
€Qopprolopevoy PopTiov GVUTIESTG, dEOOUEVOD OTL 1] IKPOJSOUT TOL TEAMKOV TTPOIOVTOC PETA
™V TupocLocopdtmon emnpedletal éviovo omd TNV TOWOTNTO TOL OPYKOD GLUTIEGTOV
HOPOOUATOG, Kol EMOUEVOG Kot amd to gpapuolopevo goptio [Panelli k.a. 2001]. e oeipd
perypatmv, depevvinOnke emiong n ypnon H,O kar CaO wg mpocsHétmv yuo diepedvior Kupimg
TOV OLVOTOTNTOV PeAtioonc Tov amoteAéopatog ¢ ovumiconc. Ola ta apyikd popeduoTa
vropAOnkov  oe  Omtmon otoug 1100°C yww 2h  oe  epyaotnpoxd  @odpvo  yia
TLPOGVGCMOUATMOT, Kot TEAIKA o€ Babaio yoén émg ™ Beppokpocio dwpoatiov. Ot cuvOnKeg
TLPOGVGCMOUATOGNC PelTioTOTOMONKAY BACEL TPOKOTAPKTIKMDY TEPUUATIKMDY SOKIULDY.

H pixpodouny mov mpoékvye efetdotnke pe mepibhoon oxtivev X (XRD) (Siemens
Diffractometer D-5000) kofd¢ kot nhekTpovikn pikpookonio capwong (SEM) oe cuvdvaoud
pe eooporookonio dayeopevng evépyeag (EDX) (Jeol JSM-6400). Extiumon tng apyikng
QowvopevVNG TokvotnTag £yve amd TN pala Kot Tov OYKO TOV HOPOOUATOV, EVO 1 QUIVOUEVN
TUKVOTNTO, HETO TNV TUPOCLOCMUATOOY pHetpnOnke pe t pébodo tov Apyunidn. H
GLPPIKVOGCT VIOAOYIGTNKE amd T deopd mov emABe oTov OYKO TV SoKIHi®V KaTd TNV
omnon.



3 AIIOTEAEEZMATA KAI £YZHTHZH

Ta ocvumieotd popedpato mov eAnednoav amd aiecpévr téepa O1Ebetav emapkn YeEVIKA
GUUTVKV®OGCT] KOl PYLIKT OVTOYN Yo TN SGPEAIOT) TOV AGPAAOVG YEPIGHOD Kol TNG LITOPOANS
TOVG 0T GLVEXELD og OmTNoT). AvTiBETa, 6€ TPOKATAPKTIKEG OOKLUES GUUTIEGNG L] OAECUEVDV
perypdrov IT/YT yopic yprion mpochétov BeATIOTIKOV TG cvumieond, ixe damotwdel £vag
pelpévog Pabpog copmbkvoong, mov Tpémel vo cLVOeDEel te TN LIKpPOTEPT] 10K EMPAVELL TOV
TEPPOV TPV TNV GAeon. levikdtepa, N evoopdtowon H,O kol emmpocbétov CaO ota peiypota
TEPPOG amodelytnKe OeTIKN Yo ot OTOTEAECUATIKOTEPN GLUTIEST TOV cOUATIOI®V. Metd v
TVPOGLGCOUATOGT, EANEONCAV dokifle pHE OMOSEKTN OTIS MEPIOGOTEPES TOV TEPUITOCEDV
oyetikn Tokvotnta (Ewova 1).

(o) ()

Ewédva 1. Mokpopmtoypapieg TupocuocmUATOUEVOV SOKILOY TE@pog (dtapeTpoc=1,3 cm):
(o) IT xou (B) IT+3%k.p.CaO+1%x.B.H,0

O yopoxTnpopds TV QACE®V OOKIUIOV avapopas (Tpv TNV TUPOCVGCMUATOOT)) Kol
OVTUTPOCHOTEVTIKOV TUPOCVCCOUOTOUEVOV, KAODC Kol @OTOYpaQieg TNG UIKPOSOUNG TOVG
napovctdtovtal otig Ewcoveg 2 kan 3 avtiotoya. v Ewkdva 2, mupocvocopatopéva dokipa
IT/YT emdewcviovy peyoAldTEP KPUOTOAAMKOTNTA, OAAG Kot Onuiovpyio.  OMUOVTIKNG
TOGOTNTOG YKEAEVITT, 1 TAPOVGIK TOV O0MOioL gival Yevikd avemBountn Kabodcov €xel pHeydio
ouvteAEoTH BEpUIKNG OLLGTOANG KOl UITOPEL VoL 00N Y|OEL GE POYUES. ZNUEIOTEOV OTL YKEAEVITNG
TPOKVTTEL 0O avTIOPAcES avOpakikdV-Tupttik®v-omvediov [Spiliotis k.o. 2007].




Ewodva 2. Awaypdppota XRD (a) doxipiov avagopdg kot (f) Tupocuecmuatopuéveoy SoKipimy
: 3

B

) 9)

Ewova 3. Mikpoypagieg SEM nupocuccopatouévoy dokipiov: (o) IT/YT:1/1 + 3%H,0 +
1%Ca0, (B) YT 100%, (y) IT + 10%Ca0 + 3%H,0 ko (8) IT/YT:3/1 + 3%H,0 + 1%Ca0

2mv Ewodva 3, paivetol o oynUOTIGHOG XOPAKTNPIOTIKOV «AOUOV» TUPOGUGCHOUATMOONGS, 1|
avtidpaon Tev kevoo@alpdv (auopeo SiO,) pe Ca(OH), (Sdokia v,8), Kot okOUn N avamtuén
Kdmolag volmdovg edong. IIpdypati, o€ etepoyevi] GLOTNUATO OTOG CVTE TOV TEPPOV TOL
e€etdotnov Kol TEPEYOVV UEIYUO KPUOTOAMK®OV Kol OUOPP®V GLGTATIK®Y, VITAPYOLV
COMOTIOW PE LYNAEG Kol copotidlo pe yoapnhotepeg Oepuokpocieg T™ENG, TOL EMOUEVOC
GUUTEPIPEPOVTOL OOPOPETIKA KATA TN SLAPKELN TNG TVPOCLGCO®UATMONS. Katd cuvénela, oTig
Oepurokpaciakég cuvinikeg Tov epappocTnKay, O mTpénel va AneOodv v’ oYV PoVOUEVE TOGO
Kupig didyvong 000 Kol TEPLOPICUEVIG €0TM 1EDMOOVG poNG AEMTNG VYPNG oTolPddag, Tov
Aoppavooy yodpo peTa&d copatidiov Tmv TEppdV Kol Teivouv va to. dlacvvdécovy [Nowok k.a.
1990]. Znpewwtéov OTL EUEOCT] GTO POAO PUIVOUEVOV HETOPOPAS EVTOG TNG OLOCOUATIOWKNG
AEMTNG VYPNG QPACTG ETL TNG GVUTEPLPOPAS TNG TEPPAG KOTA TNV TUPOSLOCOUATMOOT EXEL 0T
dobei amo dAlovg epevvntég [Mollah k.o 1999, Nowok k.a. 1998].

Ov pkpogpowtoypapieg SEM  amoxoivmtovv emiong £€va  Sl0oLVOEOEUEVO TOPMOEG GTA
TLPOGVGCMOUATOUEVE SOKILO, TO OTTOT0 OgV £YEL KAMOL0 13104TEPO TPOGAVATOMGHO 1 YN0 KoL
petafdaiieton pe tn oyetikn ovvleon IT/YT, 6nwg emainbevtnke kol amd TG UETPNOELG
TUKVOTNTOG TTOVL ENETPEYOY TTEPALTEP® EUPGBuVoN oTIC dlepyacieg cuumdKvmang Tov VAKov. To



mop®ddec pmopel, oe kdmowo Pabud, vo omodobel otnv amoudKpvVon TOL VTOAEPATIKOD
avBpaxa mov kavovikd AopuPdvel ydpo otn Oeppoxpoocioxr mepoyy twv 700-750°C og
kepopkd omd téepa [Mishulovich k.a. 2003]. TTapopolog | kot kKaAOTEPOS aKOun Pabuodc
oupmTOKvmong Yo dedopévn oovleon IT/YT mopoatnpndnke 6tov 3%k.p. CaO pe v avtictoyn
otoelopetpikny mocotto H,O (1%k.B.) mpootébnkav ota petypoto téepag. Tevikd, To
TVPOGLGCOUATOUEVE dOKIpo ep@avifovy pio omodekTy| (kpodoun kepapkov. Enedn de to
mop®dec petafdrietar pe ) oyetikn ocvvleon IT/YT, dnwg mpoavapépdnike, eivar duvatdv va
apodiaypoeel oe embountd emineda, yeyovog 1o omoio Ba pumopovoe va £xel EVOLOPEPOV Yo
E101KEC EPAPLOYES, KOOOTL Ol TOPMOELS LUKPOSOUEG TTOPEYOVY TAEOVEKTILLOTO OVOPOPIKE LLE TN
OepUOLOVOTIKN CLUUTEPIPOPE TOVS MG EVOALOKTIKN AVGT| Yol TNV EAUTTOOT TNG EVEPYELOKNG
Kkatovaimong ktnpiov [Ren k.a. 2007, Yildirim x.a. 1996], kabdg kot v avtoyn o€ Beppukn
mpocPoiny xépn oe pio PeAtiopévr ovoyn OWGTOANG KOl KAmow Hei®on Tov UETPOL
ehaotikotntag [Karayannis k.o. 2007].

4 EYMIIEPAZMATA

Ta ynuiKd, KpLOTOAAOYPOPUKH, KOl HOPPOAOYIKH YOPOKTINPIOTIKA TEQPPOV LYNAov Ca amd
AlYyVITIKEG Lovadeg nAekTpomapaywyng tng Avtiknig Maxedoviag Kabiotovv duvartn tn xpnon
TOVG MG TPOTOV VAGV oty avantuén kepopikov. [pdypatt, pe v epopuoyn omAdv Kot
oKOVOIKOV HeBOdwV enefepyociag kOVE®V mopackevdotnkoy pe emrvyio amd petypota IT
kol YT xepopkd vAkd pe amodektn pukpodopr]. L'evikd, n ocvumieon kot 1 cuopmdkvoon
devkoldvovtar  og  Kkamowo Pabud omd v mpocbnkn CaO and H,O. Kotd v
TVPOGLGCMOUATMGT, TPOMOEITAL O CYNUATIGHOG YKEAEVITI KOl GAADV KPUOTOAMK®OV QACEMV.
To mopwdeg mowciier avéroyoa pe tn oyxetikny ovvleon IT/YT wobog ko pe v %
neplektikotnta oe Hy,O ko emmpdoheto CaO, kor emopéveog glvor duvatdv va puvBuiotet
KaToAAMA®G, To omoio Ba pmopovce va gival evalaQEPOV Yo TNV avaTTLEY BEPLOUOVOTIKNG
GUUTEPLPOPAG KOl AAAEG EPAPUOYEG TOPMIDV SOUMV.
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H ypnon aypotikav thactikav artofAitov (APW) oc¢ evaliaktiko
KOOGLUO oTnV Toleviofropunyovia
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[poduaypapéc.

HNEPIAHYH: Kd0e ypdvo peydrleg mOGOTNTES AyPOTIKMV TAOCTIKMY OV £Y0VV EEAVTIANGEL TOV
xpovo {ong Tovg amoppintovtal, Kaiyovtor 1| Oafovral aveéédeykta oto mepifdiiov. Xta mhaiocio
tov Evponaikod mpoypappatog LabelAgriWaste éhafe yopo n mpdTn — HEYAANG KAipokag —
doxn kowong twv APW mg evaldaktikod Kovoipov 6Tig yKOTOGTAGELS TNG TOLUEVTOPLounyaviog
TITAN oto Koapdpt. Moiovoti, o mocootd ypriong APW oto piypa xavoipov mapéueive oyetika
pkpo (5-15% ent tov ASF), ta cvpmepdopata mov Tpoékvyay kot oyetilovral pe (o) Tig £YYEVEIS
W10TNTEG TOV LAKOV, () TNV €mMPPON TOL GTO TAPAYOUEVO KAIvKep kot (y) TNV YevikoTtepm
duvatotnta aglonoinong tov oy Prounyavia Toéviov avolvoviar oty epyacia. Emmiéov,
Mota TEYVIKOV TPOdOypapdV Yio TNV ergyyouevn xpnion tov APW oty towevtofrounyovia
kaOdc Kot 1 peBodoroyia. TOL ¥PNOUOTOMWONKE YO TV — KOTA TO OLVOTOV — OTAOTOINGCT] TOLG
0moTELOVV PUGIKO KOUUATL TG EPYACIOGC.

Agricultural plastic waste (APW) as an alternative fuel for the
cement industry

S.K. Antiohos', D. Briassoulis’, M. Hiskakis’, F. Theologos', C. Papadi’

"Titan Cement SA, R&D and Quality Department, Kamari Viotia, 19200 Elefsina, Greece
’Department of Natural Resources and Agricultural Engineering, Agricultural University of
Athens, lera Odos 75, 11855, Athens, Greece

SPolyeco AE, 16™ Km Athens-Corinth Nat. Road, Aspropyrgos, 19300, Greece

Keywords: Agricultural plastic waste, Alternative fuel, Cement kiln, Cement, Specifications.

ABSTRACT: Every year tons of end-of-life agricultural plastic waste (APW) are burnt or
uncontrollably disposed to the environment. This paper presents the results of the first full scale
pilot test - in the frame of Labelagriwaste project - for the energy recovery from APW in TITAN
plant in Kamari. Although APW inclusion in the fuel mix was relatively small (5-15% of the ASF),
the major findings that were derived and relate to the inherent properties of APW as well as its
influence in the final product and the utilization potential in the cement industry are considerable.
Further, a detailed list of technical specifications for the controlled use of APW in the cement
industry along with the methodology adopted for simplifying them are also a critical part of this
work.



1 EIXAI'QI'H

Molovott 1| xp1|on TAACTIK®OV oTNV Yewpyia dev Eemepvaet To 4% Tov GLVOAOL TV TAUCTIKOV TOL
katavardvovtal (EUPC, 2008), éxel damictmbel mmg M ypHon avtn €ival GUYKEVIP®UEVT] GE
aypoTiKéEG TePLoyES. To yeyovog avtd guvoel Kot TV GLAAOYY TOVG, AL EMTALOV — OEGOUEVOL
TG 01 KAAMEPYELEG EIVOL OYETIKA OLLOLOYEVEIC G TOMIKO EMIMEDO — KA TNV Opoloyéveln Kabe gidovg
TAUCTIKOV amoPANTev, gite mpdkettal Yoo @OAAN BeproknTiov Kot YopnAdv ToOVEL gite Yo pUAAL
£00.POKAAVYNC. AVGTLYMG, 1| LOAVVGT TOVG OO YDLLO, TETPES, PAAGTN GO, TUPUGITOKTOVA Kot AL
OPYAVIKG SVGYEPAIVEL TNV EPAPLOYT EVOG GUGTHLATOG SloyElpLong.

Toco oe Evponaixd 6co kot EOvikd enimedo, dev vmapysl ouykekpiévn vopobesio yio to APW,
EVD TPOKTIKES TTOV EPAPUOlOVTOL GE TOTIKO EMimed0 dev UmopoHv va BewpnOovy opoIOLOPPES Yo
T1g gvpvtepeg meployés (Liantzas et al., 2007). Ze kabe nepintwon ta APW éxovtag yapaxtnpiortel
oteped andPAnta dev Ba mpémel va Kaiyoviow 1 Bafovior avelédeykta. TTnV TPOYUOTIKOTNTO
®OTOC0, UEYOAEC TOGOTNTEG AYPOTIKDY TAOCTIKOV oL £xovv eEaviAncel tov xpovo {mNg Tovg
akohovBovV akpPhS avTovg Tov Vo dpopovg. To mpdypappa LabelAgriWaste' amoprénet o
dnpovpyia evog PLdoipov oyediov yio v TEPICLALOYN Kot 0E10TTOINoT) TV YEOPYIKOV TAACTIKMOV
omofAntev, n omola pmopel va glval €ite n avokOKA®on €ite 1 kadon UETd amd KATOAANAN
enekepyacio 6 GUYKEKPIUEVEG LOVADES Y10 TOPAY®YN EVEPYELNS. TNV gpyacio mapovoidlovtal ol
mpodlaypapég  (specs) mov mpémel vo. tnpovv ta APW  ywo  avdktnorn evépyswg otnv
ToevToPlopnyavio. ¢ EVOAAIKTIKO KOOOWOo, OT®MG avtég Kabopiotnkov omd TNV 1oyvovsca
katdotaon otov Evpomaikd ympo, TIC eyyeveic 1010TNTEG TOV VAIKOV KOl TO, OTOTEAECUOTO,
TAOTIKNG SOKIUNG TTOL QPOPOVGE GTIV LEPIKT VTOKATAGTOOT) TOL Pacikod Kavoipov and APW. H
terevtaio deENydn otig eykataotaoelc g Prounyoviag TITAN oto Kopdpt kKo etvar 1 wpdn
@OpA OV OOKIN TETOWOG KAIMOKOG YlOL OVOKTNGYN EVEPYELNG ONO TO GLYKEKPIUEVO PeEvUN
amofAntav deayetal atnv EAAGSa.

2 TEXNIKEYX AIIAITHZEIX T'TA THN ANAKTHXH ENEPI'EIAY AIIO APW XTHN
BIOMHXANIA TXIMENTOY

2.1 Tevikég amoutoels yio. ypnon eVOALAKTIKOY KODTIUWY OTHY TOLUEVTOSIouUN OVIO,

MoAovott 0 puBudg a&lomoinong eVOAUKTIKGOV Kovoipmv oty EAAnvikn towevtofropnyovia
glval akoun meplopiopévog (~5-10% eni tov Pacikod KALGILOV), Ol OMOLTHCELS TOV TPEMEL VO
KaAOTTOVTOL — £V Yével — and avtd kabopilovratl amd ta akdiovba:

e No napdyovion emopkeig Oepuideg yio Tnv Kowvon

e No &ivol opoloyev] TPOKEWEVOL va amoPevyBodv eVOoyANcel; 6TV Agttovpyic TOL
KMBavov

e No elvar ac@arn og tpog tov eEomiiopd Tov KAMPavov (va pnv aenivovv avemBOunTeg
emkabioelc otov KMPBavo)

e No ovvieAoOv otnv Onovpyio QAGYOC HE YOPOKTINPIOTIKA OVAAOYO LE OVLTE TOV
dnuovpyodvion omd TV ypNHon SvuPaTikdv Kovoipov (yio amoeuyn @Bopdv oty
Beppodoun Tov KAPavov)

e No pnv odnyodv oty mopoywyn eTCHUIOV 0EPLOV EKTOUTMV

e No unv 0dnyovv otV mopay®yn TEEPOS He emME U0 YOPAKTNPIOTIKA Yo TO KAIVKEP
(0€d0EVOL TG 1) TEPPO EVOMUATMOVETAL GTO KMVKEP)

! Acknowledgement: The present work has been supported by the European ‘Labelling agricultural plastic
waste for valorising the waste stream’, Collective research, LABELAGRIWASTE, Contract no. 516256-2.



e Na pnv cvvdvalovrat e TpoPARUATA TPOPOSOGIOG

[Ipokeyévonv va £AcPAAOTEL 1 IKAVOTOINGT TOV TOPATAVE® CLUVONK®OV, U0 GEPA TEYVIKOV
Tpodaypapmdv €yovv dlopopembel ®ote peduato amoPAfTOV vo umopovv vo Beswpnbovv
KatdAAnAa yio xpnon og evarloktikd kovowa. O Iivakag 1 meprlappdavel tétoteg Tpodioypapég
omd SoPOPETIKEG Propmyaviec TOUEVTOV, OTOV YIVETOL COPEC TMG Ol TPOIAYPOUPES TOIKIALOLY TOGO
petald Propmyovidy aAld Kot YopmV TPoEAEVOTG.

ITivaxag 1. ITpodiaypa@ég EVOALAKTIKGOV KOVGIHL®VY OV €XNpedlovy TNV Tapay@ytkodTnTo

TITAN | Teutonia [3] Italy [4] Sweden*[4] | EURITS [4]
Ogpuoydévog svvaun (MJI/kg) > 14 >17-25 > 15 >239-31.4 > 15
Yypaoio (wgt %) <15 <20 <25 <30/<10

* T v Zoundio vapyovv dVo ToLOTNTEG AMOPANTO®V Kot dVO OULAdES TPOSLIYPUPDV

O [Tivakag 2 weprhapfavel aviictolyeg mpodtaypapss Oeiov kot yhwpiov, dedopévov OTL avTd sivoe
oo TO KPIGIo oToly el TOV UTOPOVV VO, ATEIMGOVY TNV £0pLOUN Agttovpyio ToL KAPAVOL (1o
g onuovpyiog OAGTOV e OAKOGAL TOV GTEPEOTOIOVVTAL GTO TOMHUOTO KoL 0LEAVOLV Ta
OTOMOTHATE TOV KMPBAVO Kol TO KOGTOG GLVTHPNOTG).

[Mivakoag 2. I[podtoypoagéc eVOAOKTIKOV KOVGIH®MV 7OV €MMPealovy TNV aKEPUIOTNTO TOV
KMBavou

TITAN Teutonia [3] | Italy [4] Sweden [4] EURITS [4]
S wgt% dry <3 <1 <0.6 <0.5 <04
Cl wgt% dry <0.5 <0.8 <0.9 <1 <0.5

Ytov Ilivaka 3 ocvvoyilovtol ot Tpodiaypapég TMV EVOALAKTIKOV KOVGIH®OV OGOV apopd To
Wutépmg TnTikd Papéa pétarra. Ta cvykekpiéva emnpedlovV TiG EKTOUTES, EVE TO VITOAOLTO
Bapéo pETaAlo TPOTIGTOC TNV TOWOTNTA TOV KAIVKEP OE00UEVOL TG EivVaL LEPOC TNG TEPPAS TOV
KOVGILOV KOl GUVETMG EVOMUATMVOVTHL GE 0UTO.

[Tivakog 3. [Tpodioypapéc TTNTIKGV Bapémv LETOAAWMY GE EVOALUKTIKG KODGILO

. German [3] Sweden [4]
TITAN | Teutonia [3] median | 80% Italy [4] EURITS[4]
Hg (ppm) <2 <12 <0.6 <12 <7 <5
Th (ppm) <1 <9
Cd (ppm) <30 <9 <4 <9 <7 <10/<5 <10

IIpodiaypapég mov va oyetilovtatl pe 1o uéyebog kot oYU TOV copaTdiov eEaptdvtal amd TV
Kkatepyacio Tov kdbe gidovg andPAntov mov mpoopiletar mg evorllakTikd kavouo. Tvmikd, kdbe
PELLLOL KOPETOL KOl OVOULYVOETOL KOl OE TEPITTMGELG TOL TO OTOPANTO OEV IKAVOTOLEL TIG TAPATAV®D
TPOJYPaPEG omd POVO TOV, Bo TPEmeL — OTAV AVOULYVOETOL — VO TIG IKOVOTOLEL TPOKEIUEVOD VL
ypMoLomronoet.

2.2 [levikég amoutnoeig yia yprion APW atnv tauevrofiounyavio.

Eival mpopavég mog o1 mpodlaypapég Tov TapoLCIAcTNKOV gival YeEVIKEG emeldn TepAapPfdvovy
olo. To €ldn omoPANT®V WOV UTOPOLV VO  OTOTEAEGOVV EVOAAOKTIKO KOUGUO Yo TNV
Tolpevioflopnyavio. v nepintmon Tpodiaypapdv yioa To. APW Oa mpénel va AngBodv e&apync
VTOYT] TO EYYEVN] TOVG YOPOKTINPIOTIKA, MOGTE OV €lval €PIKTO Ol TPOSYPOPES VO KOTOGTOVV




AmTAOVGTEPEG OTNV XpNom tove. [ Tov okomd avtd delypata amd aypoTiKd TAOCTIKG AmOPANTH
oV TPoépyoviol amd Oeppoknmia, YoUNAd kol pecoic ToUveEA, QUAAL €daQOKAALYNG, QOAAL
ATOADUOVOTG  €0A(QOVE KOl MALOOTOAVUOVONG O €miong Kol omd OCWOANVEG GPIELOTNG
cLAAEXINKaY amd Sdpopa pépn g EAAGSag kot tng Evpdnng pe okomd tov epyactnplakd EAeyy0
TV 11TTeV Toug (PAETe Iivaka 4).

[Mivakag 4. Avaivon ypnooroinuévav APW avd moldtnto amofAnton

®viro Xopnriov ®vira ®vira
TOUVEL Ogppoxnmiov £0apoKdivyng
OA (MJ/Kg) 42.08 42.73 33.29
Itk wgt % 98 96 97
Téppa wgt % 2 0.45 3
Cl wgt % 0.24 0.011 0.026
S wgt % - - 0.01
Ti, ppm <5 <10 <10
Cr, ppm 32 <5 <6
Ni, ppm <15 <5 <6
Mn, ppm 80 <2 21
Cu, ppm <20 7 12
Zn, ppm 34 57 15
Pb ppm 170 <10 <10
Cd ppm <6 <7 <7
Hg ppb 7 23 21
V ppm <150 - -

Ta anotedéopato g Epeuvag £dei&ay g o APW mov cuAdéyOnkav e S1d.popeg YOPeG- LEAN

mg  kowompasiag,

QOIVETOL VO  KOVOTOOUV  TIG TPOJIAYPAPEG TOV  TPOAVOQEPONKAY.

Yvuykekpluéva:

Olo Tt APW  egupdvicay OA onuovtikd HEYOADTEPT] TOV TPOSOYPUPOV Yio. TO
EVOALOKTIKG Kavotlpua, Pe TIpég peyoivtepeg tov 8000 keal/kg, akdun kot 6Tovg TOTOVS HE
vynAn poivveon amd yopo. evikd, 1 @A tov APW Bewpeiton peyddn oaeov eivor
TapOUoLo TOV TETPEAaiov Kol oyxeddv dmAdola Tov AvBpaka mov eival amd To GVVHON
GLUPATIKA KODGLOL.

Toéc0 10 YADpo 660 Kot T0 Ogio Twv APW Ppébnie xdto amd ta avtiotoyyo Oplo TV
EVOALOKTIKOV KAVGIUOV. ApQOTEPE GTOLYEID TPOEPYOVTOL OO TNV YPNON OYPOYXNUKOV
OV ATOPPOPOVVTOL TNV HALK TOL TAACTIKOD Kol AYOTEPO Ao TO 1010 TO TAUGTIKO.

Ta APW — 6mwg 6ha 1o mAootikd — dtabétovv apketd nntikd. Toa wnTikd avtd eivon
mhavoév va TPoKaAEGOLY TPOPANUATE GTNV TPOPOSOGia TOL TAOGTIKOD (amd Thavo
MOCILO KOTA TNV ETOQPT] L€ TOV KOVGTHPA) Kot TNV omoctabeponoinon tng eAoyag (mov Ha
EMNPEACEL TNV GLVINPNOT TOL KAMPAVOV). ATuy®G AVTO €lval EYYEVEG YOPUKTNPLOTIKO TOV
GUYKEKPUEVOL PEVUATOC.

Ta Papéa pérorro Tov Oetypdtov emiong dev OMUIOLPYOVV OvNnoLYid ®G TPOG TNV
evdgyopevn xpnon tov APW. Avtd pmopel va eivorl elte gyyevi] yopaxktnpiotikd Tov
TAUGTIKOV, ETE VO 0PEIAOVTOL GE LOAVVGT KOATE TNV YP1 oM TOL.

SoumepacpoTikd,  poAvven tov APW, oyt novo vrofabuilel v OA avtdv (Adyo vypaciog Kot
YDOUOTOC), OAAG emimAéov Umopel vo evOHVETOL Kat Yio TNV GNUAVTIKT Tapovcio Papénv peTdAloy
(mpoepyduevmY amd TO YOUA). XTO TACICIL TOV TPOYPAUUATOC dgv ovartuyOnke EekdBapn
ocvoyétion uetald yodpotog kot Papié@v PETOAA®Y, TV AOY® NG JOPOPETIKNG GVOTOCNG TOV



TPMOTOV, MGTOGO YIVETOL EUQAVES TG T PEATIOTN TOKTIKN KOTH TNV GLAAOYN Kol YEPOUO TOV
APW 0o mpénel va amooKonel 6TV amopdKpuven T00 YOUOTOS, apov TO TEAEVTHIO Umopel (eKTOG
Ao EMPPON TV YOPAKTNPICTIKAOV TOV KOVGIUOV) Vo TPOKAAEGEL TPOPANUATA KOl GE UNYOVIKA

HEPM NG EYKATAGTACT|G.

3 IIAOTIKH AOKIMH APW I'TA ANAKTHXH ENEPT'EIAX

H miotikn doxur mpoyuatomombnke pe APW mov cuAléyOnkov otnv mepioyn tng HAelog,
dedOUEVOD TG Elval M TTEPLOYN UE TNV TAEOYNPia, YaunAod Thyxovg OUAA®V (edaporkdAvyne Kot
YOUNAGV TOOUVEL) oL Bewpeitar Svokolo va avakvkhoBodv. To APW mov cuAléyOnke (~164 tov.)
peTapépbnke otic £yKoTOOTAGES TG Polyeco 0mov Kol KOTEPYAGTNKE UE UNYAVIKO Oloy®mploTh
(granulator) o omoiog omouthONKE Vo £xEl EVOOUATOUEVO GUGTNUO WYOENG TV AETIO®V TTPOG
amoPLYN MOGILATOC TOV TAACTIKOD KaTd TO0 KOYIHo. Katd v dtadikacio avti, 10 APW anmdiece
HEPOG NG LYPOACIOG KOU TOL YOUATOG TOL. XNV ouvvéyeld 10 APW avapiydnke pe dAdo
evOAAOKTIKO kavowyo (oe mocootd 10% xot 15% «.f.) mpoxeywévov ov TPokOLYEL TO TEMKO
EVOAAOKTIKO KOVOWO 7ov B0 amoTeEAOVGE TO avIIKElpEVO NG WAOTIKNG dokiung. H tomikn
avéivon tov ASF pe 10 APW (15%) mapovoidletar otov Ilivaxa 5.

ITivaxag 5. AvédAvon ASF mov mepiéyel 10% APW

ASF peg 10% APW
Yypacia % 13.55
Téepo, dry % 17.65
Itnrkd, dry % 67.64
GCV, dry Kcal/Kg 4352
S, dry % 0.87
Cl, dry mg/Kg 1766
C, dry % 45.75
H, dry % 6.11
N, dry % 2.13
IHocootd fropatag, dry % 76.63

H doxun o1e&nydn oe dilotpa 26 nuepmv oto gpyootdoio Kapapiov. Tig mpdteg 13 nuépeg, ASF
pe 10% APW tpogodotOnke, evd Tic endueveg 13, n mocdtta tov APW avénfnke oto 15%. H
péon tpogodocio Ntav 2 tov/dpa. Agv onpelmdnke otdoelg AOy® TpoPodociag 1 TpofAnpaTa
otov KAPavo. Onwg dwamotdvetar kot amd to dedopéva Tov [livaka 6, To KAivikep mov TapdyOnke
dev guOAvice oAAaYEC TNV YMUEin Tov, evd Ba TPEMEL va TOVIOTEL TG 1| EVOOUATOON Tov APW
0TO KAOGILO €V GLUVOOELTNKE OO PETOPOAN GTO G TNG PAOYOC.

ITivaxag 6. AvéAvon kAivkep pe Kol yopic mapovcio APW

Mg 10% APW Xopic APW
SiO2 % 21.46 21.43
AlO3 % 4.80 4.92
Fe203 % 4.14 4.01
CaO % 64.74 64.72
MgO % 3.76 3.81
Na20 % 0.54 0.54
SO3 % 0.80 0.84
C3S % 59.91 59.33
C28 % 16.00 16.35
C3A % 5.73 6.26
C4AF % 12.59 12.20




210 1010 S1IAGTNUE Ol EKTOUTEG TOV 0EPLOV POTOV TOPEUEIVE GE (QUOIOAOYIKA EMimeda. Xe pia
GUVOAIKT] TTPOGEYYION, TO YEYOVOS T®G KAt TNV dtdpketo tng dokiung ue APW, 1o Beppokpaciokd
TPoeil ToL KAIPAVOL dev dAlaEe, N TOOTNTA TOV KAIVKEP TOPEUEIVE AVOALOIMTY) KoL Ol EKTOUTES
dev aAlolwOnkav, motonowby v emttuyia g dokiung Tov APW og evailaktikd koavoyo. To
YEYOVOG ®oTdG0 g 1 cvppetoy tov APW 610 piypa xavsipov ftav moAd pkpn (~15%) v
otiypr] mov 1o ASF ovppetéyer katd 8% mepimov otnv cuvolikn Oeppudiky cuvelspopd dev
eMTPEMEL TNV €E0Y®YN ACQPUADY CUUTEPACUATOV Yo, Lol evogyouevn avénon evoopdtoon APW
070 piypa xovoipov. Tnv otiyun mov ypdeetatl 10 Tapdv, Yivoviol TPocTabEIlES Yo LEYOADTEPN
ovAroy] APW kon avénpévn évtaén tovg (o€ mocootd peyaivtepa tov 25% tov ASF) oto piypa
KOVGIUOV ®OTE VoL GLAAEXHOVV TTIO YPNCILO GUUTEPAGUATO Y10 TNV Emppon} Tov APW oe Pacikég
AELTOVPYIKES KO TOLOTIKES TALPAUETPOVG TG TAPOYWYNG.

4 TIPOTEINOMENEZ ITPOAIATPA®EY I'TA APW IIOY ITPOOPIZONTAI I'TA ANAKTHXH
ENEPTEIAY XTHN TEIMENTOBIOMHXANIA

Me Bdon Tig VITAPYOVGES TPOSLOYPOUPES TTOL GYETILOVTAL LE TNV OIOd0YN KOl YPNOT EVOALUKTIK®OV
KOVGIU®OV otV Toluevtoflopunyovio, To €yyevil Kol Un YopokKtnplotikd tov APW kot ta
amoTELéoHOTA TG TAOTIKNG OOKIUNG 7OV  TOPOVCLAGTNKE OTI  TPOTYOUUEVY] €VOTNTA,
avamtoytnkav mpodiaypaeéc v v xpnon APW oty toeviofropnyovioa o¢ HEGO avAKTNONG
evépyelac. Emhéybnke o dwyopopdc oe dvo khdosic APW (A, B?) mpokeyévov vo
dnpovpynBody KivnTpo Y10 To ATOTELEGHATIKO EAEYYO TNG TowdTNTOG TV APW og dha T oTdd10L
onovpyiog, SLAAOYNAG KOl HETAPOPAS, OAAL emmA&ov Kol €AayloTomombel 1 TOcOTNTO 7OV
TOPOUUEVEL AVEKUETAALELTN AOY® YOUNANG TOLOTNTOG,

YKomog g epyaciog dev elvar va mopobicel AETTOUEPEIEG O GYEON UE TNV EMPPON TOv KaOe
mopdyovta Eexwplotd. Evoeiktikd, ol facikol mapdyovieg mov SopdpemGay TIG TPOIYPAPES TOV
[Mivaka 7 gival mog:

* H ®OA 10V Kovcipov emnpedlel CNUAVTIKG TV Tapaymynq Tov KAdvov. To ydpo kot n
vypooio emnpedlovy v OA 10V EVOALAKTIKOD KOVGIOL.

= To Cl kot S ovppetéyovv otov oynuotiopd oidtov pe Na ot K, to onoia
GTEPEOTOIOVVTOL GTO TOLYOUOTH TOL KAPAVOL Kol TPOKOAOLV KOBLoTEPNGELS OTNV
Tapay®yn avéavoviag v cuyvotnta g cvveipnong (Kaante et al. 2000, Lea 1998)

= ¥V mePInT®ON OV 1 GLYKEVTPMGT TOL S givan peyodvtepn avthg tov Na kot K, CaSOy
oynuoatiferor mov emnpedlel ONUOVIIKE TNV TOOTNTA TOV KAMVKEP KOl TOV TOPAYOLEVOL
TOUEVTOL

= [Swtépog mrntikd pétodia (Ni, Hg, Th) umopodv va emiPapivouy Tig aépileg EKmToUmég

= Mn nmTIKd pETOALD EVEOUATOVOVTOL GYEdOV €57 OAOKANPOL GTO KAIVKEp Kot exnpealovv
v mototnTa Tov Terevtaiov (Lea 1998, Tokheim et al. 2001)

2 Khdon A, eivon 1) kahdtepng mowdtnrag APW mov pmopet va eiooydei ohkd (xopic var mponyn0ei pepiki
evoopatoon o ahlo ASF) og kadoo, yopig vo exnpedost apyntikd v Aettovpyio tov kKABavov, Tig
EKTOUTEG 1) TNV TOPAYOYIKOTNTOL.

KAdon B, eivar yapniotepng mowdtrag APW mov pmopovv va mpoopilovtat yio avaKTnon evépyelos oty
ToLEVTOBLOUNXOViD, 0POV OUMG CUYKEKPUYEVES OMOUTACEL — OvOAoyo e TIG 1doutepdTNTESG TOL KAOE
€PYOCTUGIOV - IKOVOTOLOVVTAL.



[Mivaxag 7. [Ipodiaypapéc KatarAniotntog xpnons APW mov mpoopilovton yio avaktnon
gVEPYELNG OTNV ToEVTOPLopunyavia

Hapaperpog Kiéon A (NP), Kiéon B (LP),
Evdgwktikf Tiud, Evdgiktikng
mg/kg’ Ty, mg/kg

Yypaoia, % b.w. dry <15 15-25

Xoua, % b.w. dry <15 15-40

S%, b.w. dry <0.3 0.3-3.0

Cl1%, b.w. dry <0.2 0.2-0.5

Sb 300 300

Ba 2000 2000

Cu 150 150

Sn 10(50)* 10(50)

Zn 1500 1500

As 15 15

Be 5 5

Pb 200 200

Cr 100 100

Co 20 20

Ni 100 100

Se 5 5

Ag 5 5

\Y 100 100

Hg 0.3 0.3-1.0

Cd 2 2-10

Th 3 3-10

5 ZYMIIEPAXMATA

[opd 10 yeYOVOG TG M TPMTN EMAOYN Yo TNV SAOECT] TOV OYPOTIKOV TANCTIKOV OTOPANTOV
TOPAUEVEL 1] OAVOKVKAWDGT), KATOW 0o TO YOPOUKTNPLOTIKE TOoVG (Thyog, Pabuog poivvone, KTi.)
Ka01oTOhV TNV OVAKTNON EVEPYELNC MG UKL EAKVGTIKN — Kot Thavd otkovoukdtepn — Avon
a&lomoinong. Ipokeyévov va dnuovpyndel €va  emyelpnuatikd oy€do Yyop® amd TNV
ekpetdirevon tov APW, to épyo Labelagriwaste pe v ovppetoyn Evpomaikov @opéwov
dlepebvnoe avapecso 6To GAAG, TNV OLVOTOTNTA YPNONG TOLG GTNV TOLUEVTOPIOUNXOVIO TPOG
avixtmon evépyelng. H e€étaon tov xovoviotik®v kewévov oe Euvpomaikd eminedo, tov
TOOTIKAOV YOPpAKTNPOTIKOV TV APW kabdg kot to amoteléopoto TAOTIKNG SOKIUNG OTO
gpyootdolo tov TITAN oto Koudpt, 0dfyncov oty avantuéll GUYKEKPILEVOV TPOSLOYPOPDV
ATod0YNG KoL ¥pNoNg TV v Ady® anofAntov. Bacwol mapdyovieg mov kabdpicav Tic televTaieg
ntav: n OA, o Pabudg poAvvong kot n vypacio twv APW, n mepiektikotnta tovg oe Cl kot S
KaBmG Kot 6€ TTNTIKE fopéa LETAANAL.

[poéxvyav dvo khacelg APW; n khdon A, givor n kodvtepng mowotntog APW mov pmopei va
goayfel oAikd (yopig va mponynbei pepikn evoopdtoorn oe Ghio ASF) g xovowo, yopig va
emmpedost apvnTikd TV Asttovpyio Tov KAIPAVOL, TIC EKTOUMEG M TNV  TOPAYOYIKOTNTO.

3 O Tpég 1oyvovy yia OA peyalbtepn tov 25MI/Kg
* The value of 50 mg/Kg remains valid until an analytical method which reliably detects a threshold value of
10 mg/Kg becomes available



Avtiotoyoa, n KAdon B, etvar yapnAidtepng mowdtntag APW mov pumopobvv va mpoopiloviar yio
avaKtnon evépyelag otnV Totuevtofrounyavio, apol OUmG CUYKEKPIUEVES UTULTOELS — OVAAOYQ UE
TIG 10101TEPOTNTEG TOL KAOE £pyocTaGiov - tKavomolovvTal. AAAEC TAPAUETPOL, OT®G TO HEYEDOC Kot
1 TEPIEKTIKOTNTO TOVG GE TEPPO. ivol onuavTikd peyEdn, aiid S£dopéEVOL MG TO EVOAANKTIKO
Kavoo cuvnlwg mpo-katepyaletor (TERayIOUOS, OLOYEVOTTOINGN, KTA.) Kot 1 TEQPPO TOVG €lval
eldyotn, Bempeital Botd vo ANeOBovV o1 d1opBmTIKES EVEPYELEC — AV XPELNGTEL - TPOKEIUEVOD VL
amo@gvyBovv mpofAnuata Tov oyeTilovtal pe TNV TOPUY®YN Kot TOWOTNTO TOV TOHEVTOV. Xe KAOe
MEPIMTMOOT EKTILATAL TOG LE TIC TPOTEWOUEVEG TPOOLAYPUPES, TPOKVTTEL Lo SEVTEPT dVVATOTNTA
acParovg duabeong twv APW kot mapddinia dnutovpyeitol £60pog yio. TNy avartuén véag oyopd
7oV O TPOodMGEL EMTALOV 0id OTO GLYKEKPIUEVO PEVILO OTTOPATTOV.
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E&taon ¢ oduvvatdmrtoc  allomoinone  tov  amoPAntomv
KOITAGUOTOG TOPpPUPIT XaAKIOKNG OTNV ToLUEVTOBtopunyovia,

I'. Mzatig, II. Ilavralomovrov

Touéos Emotqunc wor Teyvikns twv Yiakov, Zyoln Xnuxov Mnyovikov E.MIL, Hpowv
LHolvteyveion 9, 157 73 Zawypapov Abnva

Aélergc rlerdia: mopeupttikd koitacpo XoAKOIKNG, mololavikd Ttowuévra, OMmTIK) ovToyn,
SuaPpmwon o1dnpoTMc oD, YADPLOVIA

INEPIAHYH

H mapovoa epyacio epevvd i ypNOUOTOINGT TOPELPITH, TOPATPOIOVIOC TOV UETOAAEI®V
€EOpLENG pLVoov ¢ Tonobesiag «Xkovptégy ot B.A. Xodkidtkn, ¢ TpdcheTo Yo TV Topay@y”
ouvletov tolpéviov. OTAcHEVe KoAMVOpPIKE dokipa pe Kovidpota mopeupitn o€ mocootd 10 -
25% x.p. eite extébnkav otov atpooceopikd aépa gite epPamticmnkov oe didivua 3.5% «.p.
yAoprovyov vatpiov | o€ Boracovd vepd. Metprniay n petafoin g OMITIKAG 0VTOYNG Kol TO
Ba&Boc evavOpdrkmons TV KOVIQUAT®V, TO SLVOUIKO dtdfpmons, M taydTnTa Sfpmong Kot n
amOAELN LAlag TOV OTAICU®OV. ATO Ta PEYPL TOPO OTOTEAEGHOTA QaiveTatl OTL 0 TopPLPITNG gival
VAMKO KATOAANAO Yoo TNV Topay®myn TOLOAAVIKOV TOWEVI®V, UE ELEPYETIKN EMIOPUCT OTN
daPpmon Tov ool ota, Tpoavapepbivta dtafpwtikd Teptpditovra.

Investigation of the possible exploitation of porfiritis waste in
cement industry

G. Batis, P. Pantazopoulou

Department of Materials Science and Engineering, School of Chemical Engineering N.T.U.A., 9
Iroon Polytechniou str. 157 73 Athens

Keywords: Porfiritis, pozzolanic cements, compressive strength, corrosion, chlorides.
ABSTRACT

The possible exploitation of porfiritis, a natural waste product from the gold mines located in N.E.
Chalkidiki Greece, as a supplementary cementing material, is investigated in the present work.
Reinforced mortar specimens, where porfiritis replaced PC by 10-25% w/w were either exposed to
atmospheric conditions or partially immersed in 3.5% w/w NaCl solution or in sea water. The
experimental methods used were: measurements of the compressive strength and the carbonation
depth of mortars, as well as corrosion potential, corrosion rate and mass loss of reinforcement.
Based on the up-to-now results of this study, it is concluded that porfiritis is material suitable for
the production of pozzolanic cements, having beneficial effect on reinforcement corrosion in the
above corrosive environments.



1 EIZAI'QI'H

Ta cdvbeta Toévta eivar TAéov gupuTaTo SLOOEOUEVD, APEVOC eV yapn ot BeTikn cuuPoin
TOVG 6€ TMOAAEG A0 TIC IOLOTNTES TOL GKLPOJEUATOS, APETEPOL OE EEALTING TOV YEYOVOTOG OTL TOAAL
oo TO YPNOLULOTOLOVUEVE DAKEA OTOTEAOVV TPOiOVTO AAA®Y BLOUNYAVIK®OV S1001KAGUDV, To. 0Toia
aAlmg B Onovpyovcav mepPaAiloviikd mpoPAnpata pe v amoppiyn tovg (Manso &
Yvvepydreg 2006, Fajardo kot Zvvepydteg 2009). Me 1 xprion cHvOETOV TOHEVTOV KOADTTOVTOL
avayKeg OTMG YOPOKTNPIGTIKG 1 oltKovopios VAKOD kot 1 a&lomoinon mpdchetmv LAMKGOV, M
eEowkovounon evépyewg, 1 UHEIOON TOV TEPIPOAAOVIIKDV EMMTOCE®Y Kol 1 oOENoM NG
dvuvapkotntag g toyevroPlounyaviag (Basheer & Zvvepydteg 2002, Mehta & Monteiro 2005).
Ta oOvBeta Topévia epeaviCouv EMIALOV GNUAVTIKE TEXVIKG TAEOVEKTNLOTO GUYKPIVOLEVO LIE TO
apyés towévro Portland, 6cov avoaeopd oty avlektikdtnto, TOVG GE TOIKIAG SlaPp@TIKG
nepiarrovra (Kouloumbi & Batis 1992).

Y& nponyovueves epyaoieg (ITavralomodrov kot Xvvepydteg 2006, Mratg kot Xvvepydteg 2008)
UEAETHONKE M SLVOTOTNTO XPTOLLOTOINGNG TOPPVPITY), TPOEPYOUEVOL amd To peTaAlein eEOpLENG
¥pLooy NG Tomobeciag «Xxovpiéey ot B.A. XoAkdikn, og¢ mpoécHeto oto towévio. O
AetoTpifnpuévoc mopeupitne, mepiéyel ofelda tov acPectiov, muplTiov, GONPOL Kol OPYIAiov.
Apyicd Oievepyndnke o omapaitntog Pdost tov EN 450-1 éleyyog ywoo v €vepyodTnTo. TOV
TopeLPITN (TPOGOIOPIGHOG EVEPYOD TTVPLTIO), KOl 1| TN NG EvepyoTNTag Ppébnke 25.5, yeyovog
OV EMETPENE TNV TEPAUTEP® GLVEYLON TNG HEAETNC.

v zmoapovca gpyocio cvveyiletor 1 €pevva ko eggtdletan M dSuVATOTNTO TPOGIIOPIGUOD
BéitioTov gvpovg avoroyidv Toppupitn ®g Tpocbeto oto Towévro. [lopackevdornkov
Tolevtokovidpata Omov o mopeupitng aviikadiotovoe 10 - 25% «.B. tov Toéviov. Onhopéva
KUAWOPIKG doxipe pe o oOvOeTo ToévTa KoOMG Kol Ue TOWEVTO avapOopag extédnkav oe:
nep1drlov atpocealpikol aépa, mepiPdilov pepikng eufantiong og dtddvpa 3.5% «.B. NaCl ko
Bordoco mepiBdAlov. Xe avtd to dokipe peTtpnOnkov m petaforn g OMmTIKNG avTOoYnG, TO
Baboc evavOpakmong, to duvapkd dSaPpmonc, n TaxdTNTo SIAPPOONG LEC® YPOUUIKNG TOAMGNG
Kol M andAel palog TV GONPOTAICUOV.

2  YAIKA -TIEIPAMATIKH AIAAIKAXIA

O mpocdopiopde g OAmtikng avtoyng €ywve og kuPikd dokipo okvpodépotog akpng 15cm
(Baoer tov EN 196-1) oe niwieg 7 wotr 28 muepov. o v katackevn OAwv Tov doKipiov
ypnoponomdnkay towévto Portland (OPC) tomov CEM T 42.5N, dupog meployng ZEavong kot
vepd diktvov EMIT pe avaroyieg 1:3:0.5 ooppova pe tov kavovioud DIN 1164. Eta cdveta
doxipe o CEM | avtikatactddnke and mopeupitn oe nocootd 10, 20 kot 25% «.p. topéviov
(tomo¢ towevtokovidpatog CEM 1I/A-S xatéd EN 197-1). H ynuikn cdotoon 1oL TOIHEVTION
Portland ka1 tov mopeupitn Xorkidikng divetar otov ITivaxae 1. H Aentdtnta Tov mopeupitn frav
g taéng Tov toévrov Portland.

ITivaxag 1. Xnukn cvotacn topévrov Portland kot mopeupitn XoAkidikng

Si0O, AlLO; Fe,0; Ca0 MgO KO Na,0O SO; CaOy LOI
CEM I 20.67 499 3.8 63.60 273 037 029 241 241 2.52
[TOPOYPITHE 34.34 10.37 244 4130 690 032 038 012 - 0.09




270, KOAVOPIKG doKipe, TOUEVTOKOVIANOTOC TomobetnOnike a&ovikd yaAdfowvn pafdog (Xy. 1)
tomov Tempcore S500s, dwapétpov 10mm kot Vyovg 10CcM, pe v axdAoLON YMUIKY cVGTACN
(C:0.18%, Mn:0.99%, S:0.047%, P:0.023%, Si:0.15%, Ni:0.09%, Cr:0.09%, Cu:0.21%, V:0.02%,
Mo0:0.021%). H popen kar ot daoctdoslc tov dokipiov divovtar oto Tynuo 1. Ot xatnyopieg
dokyiov kot 1 ovoTach Toug K.B. divoviar otov Iivaka 2.

[Mivaxog 2. Katnyopieg dokipiov — Zoataon (K.B.)
Kotmyopia OPC [Mopeupitng  Appog  Nepd

PX0 1.00 - 3.00 0.50
PX10 0.90 0.10 3.00 0.50
PX20 0.80 0.20 3.00 0.50
PX25 0.75 0.25 3.00 0.50
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Zymua 1. Mopoen kot dtaotdoelg (o mm) KoAvdpikmv doKipimv

Ta, KLAWVOPIKE SOKIpLO OTAGUEVOD TOLUEVTOKOVIAUOTOC LETH TNV TOPUCKELT TOVG eKTEONKOV GE:
nep1PaAirov atpoceapikod aépa (IToAvteyvelovmoin Zwypapov), TtepiBdriov peptkng eupdmtiong
oe dddvpa 3.5% k.p. NaCl (2 cm and ™ Bdon tov dokwinv) yo 6 unveg kot 3) Boddocto
nepipdArov yoo 9 pnves. H 0éom euPdmtiong tov dokiuiov sivor m evpldtepn mepLoyn g
VOV YOETIOKEVAUOTIKNG CDVNE ZKOPAUOYKA ATTIKNG, TEPLOYT LE 1010iTEPO. LoAVGUEVT OdAacoa e
(kvpimg) meTperarmdn katdAiowma). To Pabog eivar mepimov 1.5 M oto onueio avtd mov eivor
ApevoPpayiovag, givol Kohd QLUANGCOUEVOG amd avELOVG Kot 0 uBuévag sival Aaotmong. [lapd
v uolvvon tov  Bolooowod  vePOD, OTNV  EMPAVEIN TOV  JOKWWIOV  OvamTdCoOoVToL
LKPOOPYOVIGHOL.

H extipnon g avlektikdOtTog TV SoKWiov évovil e ddfpwong mpayuotonolinke pe
uetpnoelg tov Pabovg evavbpikmong (katd RILEM CPC-18) yia tov 7mpocdlopiopd g
avOeKTIKOTNTOG TOV VIO €EETAON TOUEVTOKOVIOUATOV 68 d10E€id10 TOL dvBpaKa KoL e LETPNOELG
andreng palog tov ownporiopov (katd ISO/DIS 8407.3) mpokeipévou va, ektiundei o puOuoe
dPpmone tov oTAMGUOD GTO GKUPOSEUN. XTNV TEPITTOON TV O0Klinv Tov ektédnkav og
TEPPAALOV YADPLOVI®V YPNOLUOTOONKAV TEPAITEP® NAEKTPOYNUIKEG HETPNOEIS TOV SUVOHUIKOD
SaPpwons o¢ Tpog NAEKTPOd1o avapopds kopeouévov karhopéhova SCE (katd ASTM C876-87),
kabmdg Ko petpnoelg  ypouuikig molwong (Linear Polarization) péow g yxapagng
TOTEVGL0dVVOUIKGV KoumuAdv toimong (Kouloumbi & Batis 1992).



3 AIIOTEAEXMATA - XYZHTHXH

H Olmtikn avtoyn Sokipiov ovaeopdc Kot dokiuiov pe mpoctnkn mopeupitn eAéyybnke yio
mocootd ond 10 éwc 25% «x.B. oe nlkieg 7 wor 28 nuepdv. Amd n peAétn tov oynpartog 2
TpoKkVTTEL 6T 1 OmTIKY| avToyn TV dokipiov Topeupitn eivar pkpoTEPN omd oV TOV doKLpmV
avaQopdg Kol HaMota avénon Tov TOGOGTOL TOL TPochiTov TPpoKaAel avtioTorya UElOTN TV
avToY®V. ATO TN GUYKPIOT TOV TILAOV TG OMITIKNG avToyXNS oTiG dVO NAKies TpoKkvTTTEL Yo OO Tl
doxipa ovénon g avtoyng and tic 7 otig 28 nuépeg katd mepinov 30%. H npoctnin mopoupit
o€ OAgg TIC avaloyieg odnyel oe avektn peimon tng OMITIKNG 0vToYnG TV 28 NUEPOY GE TOGOGTO
amo 6% €wg 27%. To yeyovog avtd nTav oe peydio Pabud avouevoUeEVo, TOGO Y10 TO CUYKEKPIUEVO
TopeLPITN, 060 Kol To TEPIOTOHTEPA AMO TO TOLOAAVIKE DAKE TTOL YPNGLUOTOOVVTOL MG TPOGHET
oV mopoaywyn ovvbetov toéviov. o to okvpodépata pe oOVOETO TOIUEVTA TOpOTNPELTOL
evToUTOIC auénuévn avtoyn o€ peyoAvtepec mhikieg. Ot Adyor kabBvotépnong g avamtuéng
avToXMV oTo cVVOETO TOHEVTO PE OKMPIES Exovy ekTeEvRS TTeptypdost ot BipAoypaeio (Neville
1996, Mmratig 1997). H dapopd dpmg mov mapatnpeiton ot Otk avioyn petald dokipiov pe
towévro Portland kot mwoloAaviKOVv TOWWEVIOV UEIMVETOL UETO TOLG 3 MPMOTOVG UNVEG KOl
eEareipetanr MAnpwg o Nlkia 12 tepimov unvov.
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Zymue 2. Otk avtoyn SoKimv avapopdg Kot mopeupitn otig 7 kot 28 nuépeg

H avBextucomta tov dokiov oe mepiPdiiov éxbeong atpocealptkov aépo eAEyyOnKe pe Tov
Tpocdopiopd Tov Pébovg evavBpdrkmong TV SoKI®Y Kol LE HETPNOELS TNG OTOAEWNG HALaG TV
omMoumv. Ot YeTpoElg mpayaTomotOnKay o€ doKio avoeopdg kat dokiuta mopeupitn 20%
K.B. yia mepiodo ékBeomng 3, 4, 5 kot 6 unvav. Ot uécot GpoL TV ATOTEAEGUAT®Y TOV HEGOV Babovg
evavOpdkmong ové katnyopio Sokipiov oSivovior vwd popen Olaypappoatog oto Xynuoe 3.
IMopatnpeitar 6t1 T0 PABog evavOpdrkwong Tmv doKiov avaeopdg Ntav aednTd pneyadldtepo yio
SLAPKELD TOPAUOVIG 5 Kol 6 UNVAOV GE OTHOCPUIPIKEG GUVONKEC, GE OAEC TIC TEPTTMGELC OUMG TO
PETOTOo NG evavOpdrmong dev €xel eloymPNoEl ®¢ Tov omAlopd. Emopévog, o omlioudg tov
dokyimv Ppliokouevog akope 6€ OAKAAIKO TePIPaliov dev £yl amomadntikonombel. EEotiog g
puikpng toydtnTag ¢ moloAaVIKNAG avTidpacnc N Uel®on Tov TOPOV TOL KOVIAUOTOg Ogv eivat
UEYOAN o& UiKpovg xpovovg ékbeomng. Emouévac to petpovuevo Pabog evovOpdkmone o€ mpmIES
nlkieg eivon avEnuévo oe oxéon pe to opyéc towévto Portland. Ag’ etépov 1 younAn
domepatdHTNTO VOGS KOAG GUVINPNUEVOL GKVPOSEUATOC UE TOPPLPITN OTOTPEMEL TV TEPULTEP®
avénon Tov Pabovg evavBpdkmong. Xvunepacpotikd, 1 tpocnkn mopeupitn oe mocootd 20%
€UVOEL TNV avOEKTIKOTNTO EVOVTL EVAVOPAK®OOTG LECH TNG PEIDOTG TOV TOPMIOVGE.
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Zyue 3. Méoo Babog evavBpakmong tmv doxkiiov avaeopds Kot mopeupitn GuVAPTHGEL TOV
xPOVOL £KBECTG GTOV OTLOCPULPIKO PO

210 oynpa 4 mopovcibleton n andAielo phlog Tov omMopdv petd and 6 pniveg €xbeon otov
ATHOGQUIPIKO 0€PQ, EKQPACUEV OC TOGOGTO % NG dropopds palag wg mpog v apykn palo.
A7 10 oYU 0VTO TPOKOTTEL OTL 1) SLAPPOCN TOV GLONPOTAGUDV TOV SOKIUI®OV avaeopdg gival
peyolvTepn yio mepiodo €kbeong 4, 5 kot 6 unvav. o wepiodo mopapovig 3 unvav evtovtolg ot
omhwopol Tov doxipiov mopeupitn epeaviCovioar o dwPpopévot. To yeyovog avtd pmopel va
amodobel oty avénuévn apykd SmEPUTOTNTA TOV JOKIUIOV TOPPLPITY, 1| OTTOlN LEIMVETOL OGO O

xpovog éxBeong avéaver pe v e&EMEN g moloravikng avtidpaong (Neville 1996, Bakharev kot
Yvvepydtec 2001).
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Syfuo 4. Atorelo nalog Tov SoKImY avapopdc Kol TopeLpitn cuvapTNoEL TOL ¥POVoL EkBeong
GTOV OTHOGQULPIKO 0EPQL.

10 emOUEVO OYNUA S5 TapovsLaLovTal 01 HEGOL OPOL TV OMOTEAECUATOV andAielog Lalag Tov
omMopdV TV dokiuimv peptkng eppantiong oto ddAvua NaCl 3.5% «.p. yia mepiodo kbeong 3,
4, 5 xo1 6 pnvov. And T0 TApOTAvVe Odypappo mwopatnpeitor avénon g ddPpwong TV
GONPOTAICUOY 0G0 avEavetal o ¥pOVoS TaPaUoVIC oto dafprTikd meptpdiiov. H didppmon tav
o1NPOTAMOU®V (EVTOG TOV SOKIUI®V) EVOL LEYOADTEPT Y0 TNV KOTNYOPio TOV SOKIHI®V avapopig
0TI NAkieg Tov 4, 5 kot 6 unvav. To yeyovog avtd pmopel va amodobel 1060 6T0 UIKPOTEPO



TOPMOEC TOV EVLOONTOVLEVOD TOUUEVIOTOATOD (1 TOYVTNTO NG TOoLoAOViKNG Opdong &ivan
peyodvtepn o€ vYpo mePLPAALov), 660 Kol 6TV ALENUEVT IKOVOTNTO TOV GUVOETOV TOLUEVTIOV VO
deGUEVOLVV Ta YA®PLOVTO 6TO TPOTOVTA THG EVLAGTOGNG Tovg (Mmatig 1997, Neville 1996).
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Zyqua 5. Andiea palog Tov SOKIUImV avaeopag Kot TopPUPITH GUVOPTHGEL TOL XPOVOD UEPTKNG
gupdmtiong oto didAvpa NaCl 3.5% «.J.

210 Zynua 6 Tapovstdlovial To SuVaUIKA SIAPP®ONG OTAMGUEVOV SOKIU®MY KOVIOUATOV UETE amd
9 unveg eupdamtiong oto Bordcolo duPpwtikd mepPdrrov. Eivar govepd 0tL 1 dapopd pe 10
nponyoduevo mepidirov 3.5 % NaCl eivar 1 mpokoloduevn pvmavon Twv dokiimv and Tovg
opyavicpovg g Bdlaccag. H pétpnon tov duvapikod dtafpwong mapéyet evoeiEelg og mpog tnv
Oeppodvvaukn mopeio g daPpmong Kat oyl mG TPog o pLOUS daPpmong Kot Exgl oKoTd Vo
TPOCIOPIcEL TNV KATACTOOT TOV OTAMCU®MV Kol tnv mhovotnto ddfpwong tov ydAvfo oto
dedopévo daPpotikd mepPdrrov (Broomfield & Zvvepydrteg 2002). Me Bdon to oynue owtod
TOPUTNPELTOL TPOOTOTELTIKY EMIOPACT TOL TOPPLPITN EVAVTL TG EMIOPAC S TOV BAAACTIVOD VEPOD
o€ 1060010 10% K.B.. Ta mocootd 20 kot 25% K.f. divovv NAEKTPOPYNTIKOTEPES TIUEG SVVOLUKDY
Katd mepimov 100 MV, ywpig OU®G ovtd vo onpaivel ovaykaoTikd peyaidtepn Siappwon.
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Zympa 6. Avvapikd dtappmong og tpog xpdvo £kBeomng o Balacovd vepd OADV TV KATNYOPLDYV
OTMGUEVAOV oKV



H enidpaon 1ov mococtoh mopeupitn otV TPOcTaGio. TOV OTAGUOD T®MV SOKIUIOV Oomd TN
dwPpwon exktiunnke kot pe mPoodoplopud TG TaxVTNTAS SWPPOoNG HEC® YAPAENG TV
TOTEVGLOOVVOUIKOV KOUTVAGY ToAmong (Xy.7). Tlapatnpeitoar O6T1 68 OAEC TIG TEPMTMOGELS TO
pevpa dStafpwong etvan pikpdtepo oe GAOLS TOVG XPOVOLS £kBeong and avtd otnv Evapén pétpnong
oV XpovoL. Avtd Ba propovce va opeiletal 0T UEIMON TOV EMPAVELNK®V TOPOV TOV KOVIALOTOG
e€artiag g mopovciog Twv Bakdociov pikpoopyavicudv. H mpoctnin mopeupitn oe 1060010
10% é£xer mpooTaTELTIKY EMIdpaCT), 6€ avTifeoT e TO T0c0oTO 25% K.B., OTOV 01 TES £EVTAoNG
pebpatog elvon peyahvtepeg avtav tv dokiiov avagopdc. H mocdtnta moppupitn 20% odiver
ToVg 1d10V¢ PLOUOVE S1APPDONG LE TO TOUEVTO TOPTAAVT.
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ZyMua 7. 'Evtaon pedpotog d1dfpwong petd omd 9 unveg éxbeong og Bohacovo vepod yia OAES TIg
KaTNyopieg OTAIGUEV®V SOKIUImV.

Téhog n amdAielo palog Tov omAMoUdV HETA omd 9 unveg ékBeong oto Bokaoovd vepd divetar oto
oynua 8. Ta mocootd mopeupitn 10% kot 20% mopéyovy TPOCTATEVTIKY EMIOpPACT, avTieTo LE TO
1060010 25% mov dgv mopéyel mpootacio. To yeyovog avtd ogeidetal otnyv peydAn mocdtT
TopeLPiTN OV dev Umopel TAEOV VO AVTIOPAGEL LE TOV TOPTAAVTITY Kot VO KAEIGEL TOVG TOPOLG.
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Zyfua 8. Atoielo palog omAMopmv doKipiov eufontiocuévev og Baiacoivo vepo.



Kpivovtag cuvoAikd v mpocsbnkn tov mopevupitn gival gavepd o0t 1 wpochnkn 10% mapéyet
TPOCTAGia TOGO GTNV evavBpdkwon 060 Kot 6tV TPocsPoir and yAwpidovia. H andAieio OAumtikig
avtoyng otig 28 nuépes etvar oyxetikd pwkpn. H mpocsBrixn 20% oe moppupitn divel amoteréopota
SaPpmoNG TaPOUOLD, e QVTA TOV TOPTANVT, CAAL 1 OmOAEW OMTTIKNAG avtoyng eival GYETIKA
peyorovtepn. To mocootd 25% mopeupitn dev divel TPOCTATEVTIKA OTOTEAEGUATO KOl 1] OTMAELL
OAmticng avtoyng sivor  peyaAvtepn. Eivon pavepd 6t  mpocsBnkm tov mopeupitn 6to To1Hévto
amd povn g 0ev umopei va Avoetl to TpofAnua g andBeong tov. Mmopel duwmg vo o ADcEL 6€
GUVOLOCUO pE AAAES YPTOELC.

4 YYMIIEPAXMATA

AT TIG HETPNOELS OV TPOYUATOTOMONKAY GTO TACIGLIO TNG TOPOVCHS EPYACING TPOKVLITOVY TOL
aKOAoLON YEVIKE GUUTEPAC AT

e H nmpoctnkn tov mopeupit ce mococto 10 % divel yevikd npoctacio amd v dafpmon Kot
piKpn peion g OMmTIKng avToyne.

e Xg 10c0oto 20 % M mposbnkn tov moppupit divel and droyn dEPpwong TV oTMGUAY Ta
il mepimov amoteAécpota pe to Toévto moOpTAavt. H mpoxododuevn peimon tng OMmtiknig
avtoyng elvon peyarvtepn.

e  Edv 10 10600106 TOL TOpQULpiTN avEADEL 6T 25%, TOTE M TOYVTNTO SLAPP®ONE TOV OTAGUDY
glvar yevikd peyoAvtepn and aLTV TOL TGIUEVTOL TOPTAOVT Kot 1) MEiwon TG OMATIKAG avTOYNG
TV 28 nuepmv givar peydan.
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EvoAloxtikéc mpoteg VAeg ot Popnyovia toéviov yi Vv
Topoy®yN KAIvkep
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Epyaotipio Avépyavns kor Avaivuikic Xnueiag, Zyoln Xnuuxov Myyovikav, EOviko Metoofio IloAvteyveio,
Hpowv Hoivteyveiov 9, Hoivteyveiodmoin Zawypagov, T.K. 15773

AéCerg Kheroa: @apiva Toévrov, [patec Yieg Toéviov, Kiivkep

HEPIAHYH: Ztmv mopovca epyacio emiyelpeiton n Kotaypoey, TovV TpOcEITOV TAUCE®V GE
EPEVLVNTIKO KoL TEYVOAOYIKO EMIMESO AVAPOPIKA LE TNV YPNOUYLOTOINGT EVOAAUKTIKGOV TPDOTOV DVADY G
GLOTATIKOV TOL UIYHOTOS TOV TPOTOV VAOV (Popive TGEVTOV) Yo TNV Topay®yn tov KAtvikep. Ot
EVOALOKTIKEC TPOTEC VAEC mov wapovoidlovior oto wAaioww avTg G gpyaciog  €yovv
Katnyoplomombel aviloya Ue TNV GOLOTACN TOLG Kol TOV (opéa ooPectiov, mupitiov, apyliiov Kot
GONPOL OV VTOKAOIGTOVY GTO UiYUd TOV TPOTOV VAGV TOV TOIUEVTOL. ATd v PiAoypo@ikn
gMOKOTNON TTPOKVTTEL OTL givor duvar 1 aélomoinon SEopmv POUNYOVIKOV Kol YEDPYIKOV
AmOPANTOV KOl TOPATPOIOVTIOV KOOMG KOl OVOKUKA®UEVOV VAKOV, O¢ TPATOV LADV Yo, TNV
Tapay®yn KAivkep to1péviov. To yeyovog avtd vrayopedeTal omd o) TNV GUUPATOTNTO TS GVGTUGNC
TOVG WUE TN GVOTOCT] TOV PUOIKAOV TPMTO®V VAMDY TOL TGIUEVTOV, B) TNV SCEAAIOT TOV TOLOTIKMV
YOPOUKTNPIOTIKDY TOV TEAKOV TPoidvimv (KATvkep, ToUEVTO) Kot ¥) TNV e£00QAMGT TG TPOGTAGIOG
TOV TEPPAALOVTOG KOl TOV OP@V AEITOLPYING KOl ACQAAELNG T®V PLOUNYAVIOV TOYLEVTOV.

Alternative raw materials in cement industry for the production of
clinker cement

C.-T. Galbenis and S.Tsimas
Laboratory of Inorganic and Analytical Chemistry, School of Chemical Engineering, National Technical
University of Athens, Heroon Polytechniou 9, Zografou Campus, GR-15773

Key Words: Cement Raw Meal, Cement Raw Materials, Clinker

ABSTRACT: In the present paper, the registration of the recent trends in terms of the utilization of
alternative raw materials as substitutes of the cement raw meal mixture for the production of clinker
cement is attempted. The alternative raw materials that are presented, in the frame of this paper, have
been categorized relative to their composition and the carrier of calcium, silica, aluminum and iron that
substitute into the cement raw materials mixture. From the literature review is resulted that the
exploitation of several industrial and agricultural byproducts and wastes and recycled materials as raw
materials for the production of clinker cement is possible. This fact is dictated by a) the compatibility
of their composition with the composition of cement natural raw materials, b) the indemnity of the
final products (clinker, cement) quality characteristics and c) the ensuring of the environment
protection as well as the process and safety conditions of the cement industries.



1 EIZAI'QI'H

H ypnoonoinon evoALOKTIKOV TPOTOV VADV € SIAPOPEG PAGELS TNG TOPAYMOYIKNG SL0dIKAGIOG TOL
Toléviov amoterel pio mPakTKY apkeTd Oladedouévn otig meplocdtepeg Prounyavieg ToUévVIon
nmaykoopimg. Ta evarliaxtikd avtd vikd pmopel va eivar Propnyovikd omndPinto, mopompoidovia
SlEPYOoIOY KOl GAAD OKOTOAANAG, YlOL TEPOUTEP® YPNOT VAIKE, 7OV TOPAYOVTOL OO OLOPOPES
mapoy@yikés owdikacies. H aglonoinom tovg eivar dSuvatd va cupPBaAlel TOGO GTNV OVTILETOTION TNG
eEAvTAnNoNG TOV PLGIKOY TOP®V OGO KOl 6TV TPOGTAGTN TOL TEPPAAAOVTOC. XT0 Bafid OV TO LAIKA
AVTA GCUUUETEXOLV EMTPOGOETO GTN PEIMOT TOL KOGTOVG TOPUYDYNG Kol 61N PerTioon ¢ moldtnTag
TOV TEMKOV TPOIOVTIOV, Ta 0QEAN oL amokopifovv ot Toylevtoftopnyovieg amd T xpnomn Tovg
LEYIGTOTOLOVVTAL.

Ta teAevtaio ypdvia, EVIOVo €PELVNTIKO evOLOPEPOV ExEl VTLAPEEL avapopkd pe v aélomoinon
SEOP®V PLOUNYOVIKOV Kol YEOPYIKOV OTOPANTOV KOl TOPATPOIOVIOV KOOMG Kol OVOUKVKA®UEVOY
VAKOV, OG TPOTO®V VADV Yol TNV Tapoy®yn kKAivkep toipéviov. H cuykexpipévn poper| aglomoinong
TOV €V AOY® VAIK®OV DIAYOPEVETAL OO TO YEYOVOS OTL oTadtakd eEavTAODVTOL 01 PUOIKEG TPMTES VAES
TOV BOpNYOvVIOV TGILEVTOL EVE TAVTOYXPOVO avalnTtouvTal Tpomol opBoloyikdTepng SloyEiptong Tovg.
Amd v a&oroynon g debvoig PipAoypapiog TpokORTEL OTL TPOTAPYIKO KPITHPLO Yo TNV YPN|oN
EVOALOKTIKOV TPOTOV VAGV 61N Sodikacio mopaymyng Tov kAlvkep amoteAiel M cvpPatodtnta g
oVOTACNG TOVG — YNUIKN KOl OPUKTOAOYIKN] — UE TN OVOTACN TOV QUOIKOV TPOTOV VADV TOV
TotevtoPlopnyaviov. Me Baon To Kpitnplo avtd, TOAAEC EVOALUKTIKES TPAOTEG VAEG EXOLV amoTiunOei
¢ THVOl VTOKATACTOTES TOV PUOIKMOV TPMTOV VAMDY TOL TGIUEVTOV. AVAAOYA UE TN cVGTAGT TOVG,
TO. EVOALOKTIKA OUTA VAIKG UTOPOVV VO YOPUKTNPICTOOV (¢ VTOKOTACTUTO TMV 0C0PECTOLY®V,
TUPITLOOY®V, OPYIROVY®V Kol GLONPOVYOV TPOTOV VAGOV Tov amaptilovv pia cvvnbicuévn eopiva
Bropnyavikng mpoéhevong. Onwg Ba pavel, OP®G, Kol 0T GLVEKELY, vl SLVOTOV 1| GVGTOOY Hiog
EVOALOKTIKNG TPpATNG VANG va cLvOvdlel YopoKTNPoTIKd omd TEPIGeoTEPES amd pio omd Tig
TPOAVAPEPOLEVEG KAUTNYOPIEG TPOT®Y VAGY. XapaKTNPloTIKO TOPAdEry o, oG TETOLG EVOAANKTIKNG
TPOTNG VANG €lvar 1 TePITTOON TNG UETAAAOVPYIKNG OKMPIag, 1 omoia eivan mAovolo oe acPécTtio,
®oTOGO TO EPLEYOUEVO GE VTNV TVPITIO Kot apyidto givor e&icov onUovTIKO.

H dvvatdtra ypnoionoinong tov eVOAUKTIKOV TPOTOV VAOV oTN O10d1Kacio Topoymyng Tov
KAivkep dgv mpoimobétel povo tn cvuPatdtnra ¢ GVOTUONG TOVG UE TN GUGTOCT] TOV QLGIKOV
TPOTOV VAOV TOV TolévTov. H yprion tov evoAAaKTIKOV TpdTmv VAGV Ba tpénet va dtacpalilet To
TOLOTIKAL YOPAKTNPIOTIKA TOV TEAIK®V TPOIOVTOV (KAIVKEpP, TOEVTO), Ta. omoio dgv Ba mpémer va
SL0(QOPOTOIOVVTOL UE TO, CVTICTOLYO YUPUKTNPIOTIKG T®V KOWMG TOPAYOUEVOV TEAIKAOV TPOIOVIMV.
EmnpdoBeta, ot mpodiaypapég TV pNCILOTOIOVUEVEOV EVOAAKTIKOV TPOTOV VAOV Oa mpénetl va
eEacearilovv 1660 TV MPocTacio. TOL TEPPAAAOVTOC (LEIWUEVES EKTOUTEG aVETBOUNTOV POTT®V,
UELMUEVT] KOTAVOAMGT EVEPYELONG) OGO KOl TOVG OPOVG AEITOVPYIOG KOl AGPAAELNG TOV PLOUNYAVIKOY
HOVAS®V TOPOY®YNG TOUEVTOV.

Me Bdon to TAGICIO TOL TEPLYPAPNKE AVOTEP®, OVIIKEIHEVO 1TNg MOPoLCOG €pyaciag sivor m
TOPOVGIOOT] TOV TPOCPUTMV EPEVVITIKMDY TACEMY GTOV TOUEN TG a&l0ToINoNG EVOAAUKTIKGV TPMOTOV
VADV ®G GLOTOTIKOV TOV UIYHOTOG TOV TPOTOV VAGV (Qapiva) yio TNV Topayoyr tov Kiivkep [1].
Atevkpwviletan OTL TO EVOAPEPOV VTG TNG EPYOCING EMIKEVIPMVETOL ATOKAEICTIKA OTIG EVOAAAKTIKEG
TPMTEG VAEC TOL €YovV dtepguvnbel yio TNV pepikn 1 TANPT VTOKOTAGTOCT] TV CUUPATIKOV TPOTOV
VADOV Y10 TV Topay@yn KAVKEP Kot Oyl Yol TV LIOKOTAGTOCT HEPOVG TOV KAIVKEP Y10l TNV TAPAYMYT|
TOV SPOp®V TOTOV ToEVTOV. Ot EVOALOKTIKEG TPMTEG VAEG OV TOPOVCLALOVTOL GTIV GUVEYELL
€yovv Katnyopromoindel avaioya Ue TV cLGTACN TOVG KOl TOV PUOIKO (opén acPeotiov, mupitiov,
apyiMov Kol GONPOV 7OV VTOKNOIGTOUV GTO WiyHo TOV TPOTOV VAOV TOV Toléviov. H



KO TN YOPLOTTOiNGoT TOL TPOTEIVETOL 0POPA OTIG EVUANUKTIKES TPAOTEC VAEG TOL EYOVV YPTCILOTOIN el
GTO UlYHO TV TPOTOV VADV ©G O) QOpels aoPeatiov, P) popelc acfeotiov kair mopitiov, Y) POpPELS
TOPITIO, O) POPELS TVPITIOD KO OPYIALOD KOL €) POPELS OLONPOD.

2 OYZIKEZ [TPQTEZ YAEX BIOMHXANIAX TEIMENTOY

AvTikeigevo auTig TG EVOTNTOG €lval 1 KOTOYPOPT] TOV KUPLOTEP®V PLGIKOV TPMTM®V VAMDY TOL
YPNOWOTOOVVTOL amd TIG Propmyavies ToEVTOL Yo TV mapaywyn tov kAivkep [2,3,4,5]. Aedopévou
6t ta Pacikd GLETOTIKA TOV KAIVKEP GuvicTavTaL KOpLa 0mtd Tig acPeotomupitikég evaoelg (CsS, C,S)
Kol OEVTEPEVOVTAOC amd To apYlkd TpracPéatio (C3A) Kot To cdnpapythko tetpacPéotio (C,AF), ot
TPOTEG VAEG Y10 TNV TOPUCKELT] TOV pémel va eEaoparifovv ta koupla o&eidio Ca0, Al,Os, SiO,, kat
Fe, 03 o115 katdAAnAeg popeéc kot ovaroyieg. To pHiypo TOV TpOTOV VAOV OTOTEAEITOL GE TOGOOTO
90% omd o Koplo 0&eidia, eved to vorouto 10% cvvictaTol amd dEVTEPELOVTIO GLGTATIKA (TTTNTIKA
KO U1 TTNTIKG GUGTATIKE).

H emdoyn tov ¢opéa acPectiov eivor iaitepa kabopiotik] oty SlodKaGio. TOPAY®YNS TOL
ToEVTOV KOBOGOV avTOg CLHUETEXEL 6€ TOoo0GTO 75-80% ot0 piypa tov mpdtev VAdv. O @opéog
acPeotiov oL Exel evpvTaTn YPNoN 0o TN Prounyavio ToévToL gival o acPeotdibog (limestone).
Agvtepevovimg éxet ovaeepBel n ypnon g Kwoliag (chalk), dtapopov thnwv papyodv (marl), tov
popudpov (marble) khn. To ocvykpitikd mAgovékTNHe TOV acPectOMBOV yKeltal 610 YEYOvOg OTL
amotelel Eva gupHTATO O100£00UEVO TETPOO GTN PVOT TO 0700 KOADTTEL TIC TPOJOYPUPEG OV BETEL
n PBoounyovio. TOWEVTOL Yoo TNV TOpay®Y] Tov ToEVTov. To PacikOTEPO UEIOVEKTNUO TOL
epupaviCovv ot suvnBéatepa ypnoipomolodEVol Popeig acPeotiov (aoPectoiboc, KipwAiio kKAT.) givol
ot meptéyovy 10 acPéotio ot popen tov CaCOs;. To yeyovog avtd €xel Gueon emimtmorn otnv
mapayoyn aéloonueiotov mtocottov CO, — yio v Topaymyn evog TOVOL Teléviov ekAvovtal 0.5
tovor CO; eved extipdton 6t 1 Propmyavia topévTov amodidet To 7% tng maykoouag tapaywyns CO,
— Katé TV Topaymywkn dwdtkacio Tov toipéviov. To CO, eklveton katd ™ depyasio TG Eynong
omov AouPavel yopa 1 avtiopacn ddemacng Tav avipakikdv opuktdv (~850-900°C). IIpog avth
katebOvvon deEdyoviar Sopkmdg £pgvuvec TpokeEVoy Vo avalnmOodv  evaliaxTtikol (Qopeig
acPeotiov o1 omoiol va TEPLEYOVV TO TEPLEXOUEVO acPéoTio gite pe ™ poper tov Ca(OH), site pe
popon tov Cao.

[Tépov T@v @opémv acPectiov, Tpmtapykig onuaciog RTUe Yo TV S10d1Kacio TUpaywYng ToV
TOEVTOL gival 1 €EEVPEDT] KATAAANA®Y TPOTOV VADV TOL VO AEITOVPYOLV KATH KOPLO AGY0 MG QOPElg
TUPITIOL KOl SEVTEPELOVIMG MG POPEIC aPYIAioL Kol GLONPOV GTO HiyHa TOV TPOTOV VA®V. [IpdTeg
VAEC TOV TANPOVV TIC TPOUVOPEPOUEVES OTAUTIOEIS KOl £XOVV €VPVTATY AT0d0YN amd TN Prounyavio
TOWEVTOV OmovVTOVTAL otV TEpintmon ¢ apyidov (clay), tov oyiotéMbov (shale), tov oyiom
(schist), tov nAitn (mudstone) kin .

Ortav yia t1g 600 KOpileg TpdTEG VAES T™C Papivag (Baotkog popiag acPeotiov kot Tupttiov) dev givat
EQIKTN 1] IKOVOTOINGT T®V GTOY®V OV 0POPOVV GTIS TIUEG TOV KUPL®V JEIKTMV, TPOooTifetal tio 1 Kot
TEPIOCOTEPEG TPMTEG VAEG, 01 0moieg Kahovvtal dtopOmtikd vAkd. Ta dtopbmTikd VA dtokpivovton
G€ TLPITIKA, GONPOLYO M OPYIAOVYN KOL TO YOPUKTNPIOTIKO YVAOPIGHO Tovg givar OtL gifiotol va
neplEyovy meplocodtepo amd 70% SiO,, 40% Fe,O3 kan 30% Al,Oz avtictoyya. Q¢ @opeic muptTikdy
dopbotikdv vAkdv Exovv avapepbel atn Pipioypapio n Toprtikn yoAallokn GUUOC, O WappiTNG, O
dwtopitng ot o yorolitng. Ta ownpovya OSopbwtikd vAKE TPoEpyovior KOp  Omd
GLONPOUETAALEDLOTA, UOYVNTITIKNAG 1 OUTITIKNG Ttpoédevonc. Téhog, oe 4Tl apopd ta apylodya



dopboTikd VAKE, cCLGTNUATIKY ¥pNon ot Plounyavia towévtov €xovv o Pwéitng Kot ot Aotepiteg
apymkng Tpoélevong (aluminus laterite).

3 ENAAAAKTIKEX [TPQTEX YAEX BIOMHXANIAZ TEXIMENTOY

3.1 Evallaxtixoi popeic aofeotiov 0T0 Uiyuo. TV TpaT®Y DAGV

Ta vAIKA avtig ™G Katnyoplag yapaktnpilovtal amd v peydin mteplekTikdTtd To0ug o€ 0&gidto Tov
acPeotiov. To mepieydpevo oe avtd aoPéctio Ppicketan pe tn popoen &ite avBpakikod acPectiov -
CaCOg;, eite vopo&ediov tov acPeotiov — Ca(OH),. Aedopévng g MUKNAG oboTAoNG KoL
oLUPBATOTNTAG TOVG e TO AGPEGTOVYN GLGTATIKA TOVL UIYLOTOG TV TPMT®V VADV (T.). acfectoAfog),
YPTOULOTOIOVVTOL KUPIE Yo TNV UEPIKN 1) TANPN VTOKOTACTAON TOV TEAELTAI®V. XAPUKTNPIGTIKA
TOPASEIYUOTA TETOIMV VAIKGOV givorl ot acPestorbot youning nowdtrtag (marginal limestones) kot 1
okOvn Kapivov Tev tolpevtofopnyoviov (cement kiln dust), n omoia amotelel mapompoidov g
Sd1KAGI0G TOPAYMYNS TOV TOLEVTOL KOl OTULOVPYEITAL EVTOC TNG TEPIGTPOPIKNG KOUIVOV, G LOPPN
AETTOV  COUATIOIOV KOL CLAAEYETOL GE MAEKTPOOTOTIKO  SlOYOPLOTH. AVOQOPIKE UE TOVC
aGPecTOMBOVE YOUNAAG TOLOTNTAG, MG CNUAVTIKOTEPO UEIOVEKTNUO TOVG avOaQEpETaL 1 enelepyacio
OV aTOUTEITOL TPOKEWEVOD Va. PEATIWO0DV TOL TOLOTIKA XOPOKTNPIOTIKG TOVG [6], evd Yo TNV okovn
Kapivov Tov toluevtoflopnyaviov 1dwitepn onuocio mpémel va divetol 610 aLENUEVO TOGOGTO
O0AKOAI®V, YEYOVOG OV Ba TPETMEL VO GUVEKTILATOL KOTA TNV ETAVOYPNCULOTOINGT TG GTO UiyUa TV
TPOTOV VADV OOTE VO OMOTPATEL 1 TOPAYWYN KAIVKEP Kol TOLUEVTOV HE VYNAN GLYKEVIPMOOY| GF
oAkl [1,7]. Eniong, didpopa amdBAnTo - 0moppituato Tov Tpoépyovial omd ynukEg frounyavieg
€yovv amotiunbel og gpevvnTikd eminedo wg mbavol popeig acfeotiov 6TO UiYUN TOV TPOTO®V VAGY
oV Tolévion. Evdewtikd avagépovtar n Adomn g Popnyaviag Mmacudtov (fertilizer sludge), n
Aaomn mpoepyouevn amd v Propnyavio yoptiod (paper sludge) xoi to amoppippate amd THV
napaywyn kapPidiov (calcium carbide waste) mov amotehodv TOPAUTPOIOVTO KOTH TNV TOPUY®YN
agpov axetvieviov [1,7].

[Iépov TV mpoovapepOUEVOV TPOTOV VAGV, otn oebv Piprloypapio Exovv vraplel avoEopEg
oxetik@ pe v aélomoinon kot GAA®V Qopémv acPecTion MG EVOAAUKTIKOV TPOT®V LVAMV GTN
Bopnyavio towévrov [8,9]. Zvykexpiuéva, £xst avapepbei M duvordOTNTA XPNOIULOTOINCTG TNG
Bropnyoviknc acPéotov (industrial lime) mov mpoépyetar and v mapaywyn tov OgiKod appmviov.
Kvpro yvopiopa avtod tov moparpoidvtog ivar n vynin kabopdtra Tov YEYOVOS TOL EMLTPETEL T
¥PNON Kol 68 GAAEC €QUpPUOYEC. Avagopd €xel vap&el Kol ylo. TV TEPITTOOoN T acBecTovyag
Adomng (lime sludge) n onoio mpoépyetor and ™ Prounyavia wapaywyng g micoag (tar production).
Qo16060, M YPNON TOL CLYKEKPHEVOL TAPUTPOIOVTOG eivar meplopopévn e€atiog tng avénuévng
TEPIEKTIKOTNTOC TOV GE QPOIVOAEC KOl OPYOVIKA CLOTATIKA. AALO acPectodyd LAIKE, SVVNTIKA
VITOYNPLEL VO CUUUETACYOVY GTO UIYHO TOV TPAOT®V VAMV, €ival To acPecTodyd amoppitaTo Tov
TpoKkOTTOVY 0o TV eneEepyacia vepov (lime waste from water purification plants, lime sludge from
drinking water processing) Kot ot 0oBecTOVYEC AGCTEG TOV TPOEPYOVTAL OO TN Prounyovio TpoPinwmy
(lime sludge obtained from foodstuffs industry). Qot660, 6TV TEPITTO®ON AVTOV TOV TAPATPOIOVTIOV
dev €yel exdiwBel, axdpo, Evtovo evdlopépov amd v Prounyavio toéviov egattiog TV PIKPOV
TOGOTNHTMV OV TOPAYOVTaAL 0td TIG €V AOYM Proumyavies.



3.2 Evollaxtikoi popeic aofectiov Kol mopition 010 HiYHo. TV TPWOTOV DADY

O TpdTEG VAEC OLTNG TNG KATNYOPIOG EYOVV MC YOPUKTNPIOTIKO YVAOPIGHO OTL GLVIGTAVTOL KUPIS 0o
oeidia Tov aoPeotiov Kot TVPLTiov evd dvvavtal Vo TEPIAAUPAVOLY VTOAOYIGIUN TTEPLEKTIKOTNTA GE
oeido tov apyhiov. Adym g YMUIKNG TOVG GVGTACNG XPNOLLOTOOVVTIOL Yol TNV UEPIKN 1] OALKN
VIOKATAGTOCY, TOV 0OPRECTOOY®V T TUPITIOVYOV TPOTOV VADV TOV  TOLUEVTOPIOUN(AVIOV.
XopoKTNPIOTIKA TOPOSELYIOTO VMK®OV 0WTNG TG opddag givar 1 okopia vyikopivov (blast furnace
slag), piypo oxopiog vyikapivov kot okopiog petadraktov (blast furnace slag and converter slag
mixtures), piypato oxopiog vyikouivov Popiov-poyyaviov (blast furnace barium-manganese slag
mixtures), n poceopodya ckmpia kapivov (phosphorus furnace slag), otv frrovpeviovyotl oyioTéHMO01
(oil shale) ko 1 téppa actik®dV amoppiupdtov (municipal solid waste).

H a&onoinon tov ckopidv vyikapivov, Tpoepyoueveoy ornd Tic Plopnyavies Tapaymyns odnpov Kot
y¥O0AvPa, otn Prounyovia topéviov xel peretnel ektevag oto mapeldov. H enavoypnoyomoinoen tovg
glte Og oLOTATIKOD TOV TOLUEVIOL (CKMOPLOTGUEVTA) &€ite G OELTEPEHOVTOG VOPAVAIKOD VAIKOV
(supplementary cementitious material) amotelei cuvnON TpakTikN Yo TOAAEG Propmyavieg TGIUEVTOV.
Qo61660, N YPNOWOTOINGT TOLG OC GLOTATIKOV TNG Qapivag eivar €va medio to omoio dev €xel
avantuyBel ETapPK®G TOGO amd TOVG EPELVVNTEG OGO KOl amd TIG TOUEVTOPlounyovies. e EPEVVEG OV
non éyovv mpoypatonombei mpog avth v katevbuvon [1,7] eaivetor 6tL 10 €V AOY® TOPOTPOIOV
GUVEICQEPEL OTNV  EYNOWOTNTO TOV Qopwvedv Omov  glonydn, cvuPdiloviag onuoviikd oty
€E0KOVOUNGOT TOGMV EVEPYELNG, Olymg Vo EMNPEALOVTOL TO TOLOTIKG YOPUKTNPLIOTIKA TOV TEMK®OV
mpoiovtav (kKAlvkep, Ttowévto). Xe aviiotoyo omotedéopato €xovv odnynbel epevvntéc TOL
aflonoinoav piypo oxopiog vYIKoUivov Kol okopiog HETOAANKTOV, UIYUOTO OKOPIOG LYIKOUivoy
Bopiov-payyaviov Kot TNV EOOEOPODYO. CKOPIK KOUIVOL — TOPAmpoiov SlEPYUCIOV POCPOPIKDOY
UETOALEVUATOV - G GLGTOTIKA TOV TPOTO®V VAOV Tov KAivkep [10,11,12].

Xe 0T aeopd TV a&omoinon tov Prrovpeviovyov coxloTOABov, 0 omoiog Bempeitan wg pio amd TIg
UEYOADTEPEC TINYEG EVEPYELNG O TAYKOGLO, KALOKO, GTO UIYHO TOV TPOTOV VADV Y10 TNV TOPUYOYN
KAivkep, epevovntég £0ei&av OTL emTuyydveton ££0IKOVOUNGT GNUAVTIKGOV Toc®v evépystag.[13,14]
Av1o katéotn dvvatd eEontiog Tov YEYOVOTOG OTL TO €V AOY® VAIKO dpa Kol G KAOGIHO KoTd TNV
gynon ¢ oQopivag evd emmpdcbeto TpoypaTomolEiTol onuavTiKy peimon ot Oepuokpacio
dnuovpyiog e vYPNS PACNC. AVOQOPIKE LE TNV TEPPU OOTIKMDY OTOPPLUUATOV, TOAAOL EPEVVITEC
€youv OlEPEVVICEL TNV SLVATOTNTA EGAYWYNG TNG OTN (OPive TOV TOLUEVIOL YO TNV TOPOYOYN
KAlvkep og agloonpeinta tocootd [1,7]. Qotdco, e€ortiag Tov VYNAOD TOGO0GTOD TOV £V AOY® TEPPOV
0€ TINTIKG KOl UN TTNTIKE GVOTOTIKE, To TEAMKE TPoldvTa (KATVKEP, TOUEVTO) POIVETOL VO VOTEPODY
TOL0TIKG GE GYECT] LLE TO OVTIOTOLY KOOGS TOPAYOLEVA TPOIOVTAL.

3.3 Evarlaxtikoi popeic mopitiov oo piyua twv mpwtwy vAoY

H gvotmto avt €otidlel 6€ VAIKG Tov TEPIEYOVY VYNAO T0606TO o€ 0EEidlo Tov uprtiov [1,7]. 'Exovv
ypnooronbel Kupimg Yoo TNV AVTIKOTAGTOCN TOV TLPITIOOY®OV GLGTATIKOV TOV MHIYHOTOS TOV
TPAOTOV LADV Y10, TNV TOPUYDYN TOV TOLUEVTOL. ZOUPOVO. LE BPAloypa@ikd dedouéva, mapaudelypota
TETOIOV VAKGV givor 1 aupog yvtnpiov (foundry sand), n téppa @roiod puliov (rice husk ash), o
@016 puliod (paddy husk), to andpinta 1 oteipa petailevtikov dpactnplomtomv (ore rejects and
mineral tailings) ka1 n duuog éxmivong (sand washings).

H édppog yvtmpilov eivar amdppipupo tov yotnpiov HETEAA®V Kol ypNolomoleitol Kupimg oTnv
KOTOOKELT KAAOLTLOV OOV TPOKELTOL Vo, YuBovy Mopéva pétailo kot kpdpata. [Ipdkertan yio vAKO
TAOVG10 G€ TTLPITIO, VD TTEPIEXEL KPS TOGOGTO apyidov kot peddoas. H téppa grotod puliov eival
TO GTEPED VTOAOITO TNG KOVOTG TV QAOIDV pu{lov, diepyocio 1 omoic yivetal amd TNV YEOPYIKN
Bropnyavia yuo evepyelokovg Adyovg (mapaywyr Bepuotntog, oTpod, nAeKTpikng evépyelag). Eivon



mhobol 6€ TLPiTIo, eV TEPLEYEL KAmol moocdTNnTe dKkovotov avOpaxa. H adlomoinon g g
dguTEPEVOVTOG VOPAVAIKOV DAIKOV GTO TGLUEVTO KOl TO GKLPOdepa Exel avaAvBel exTevdg amd TOAAOVG
gpeuvntés. Qotodco, epsuvnTiké epyaocieg [15,16,17] avapépovv ) ypnoworoinon g T€Qpag ot
Brounyavio ToéEVTOV T060 MG EVOALAKTIKOD KOVGIHOL OGO KOl OC EVOAAUKTIKNAG TPMTNG VANG GTO
pilypa tov Ipdtev vAGV. Extog amd v téeppa eAotol puliod &xet dtepevvnBel kat o AoLdS Tov puiiov
¢ mBavn TPAOTN VAN Yo TNV Topayoyn KAivkep toyéviov. Kat og avt v mepintwon 0 o pAo1dg
Tov pul1ov a&lomombnkKe TOG0 MG POPENS TLPLTIOV GTO PIYLO TOV TPATMOV VADV 0G0 KOl (OC KON
TpmTN VAN e€autiag Tov LVYNAOD TOGOGTOV TLPLTIOL CAAR Kot TNG HEYAANG Bepidikng a&iog ToL VAIKOD
avtiototya. Emiong, moAld amd to amdPAnto Ko otelpa mov mpokvmTovy amd TV emegepyacio
0PUKTOV KOl LETAAAEVUATOV elval TAoVG10 6€ Topitio. Eyel avapepbel 1 kowvn xpnon anofAntov arnd
ene&epyacio YoAKo - VIKEAIOV Kol TOKOVITN (010Npovy0 LETAAAEVUA) LETA OO EUTAOVTIGLO TOVG, Y10
MV OVIIKATAGTAOT] TOL (POPEN TUPLTIOL GTO Uiypd TPATOV LAGV Tov Ttotpuévtov. [Iépav Tov vymiol
10606700 T0VG 6€ SiO,, Ta pev andPfAnto amd TV enelepyncio YOAKOD — VIKEAMOV EUPAVIGOV VYNAD
1060070 og Al,O3 yeyovdg mov ta katétage mg Bactky mnyn apyiiov 6To UiyHo TV TpATOV VAGVY, To
de andPAnta and v enefepyocia Takovitn amotérecav Pactkd @opéa cdNpov eEantiag Tng HeYOAng
TEPLEKTIKOTNTOS TOVG o€ FEe,03.

3.4 Evolloxtixoi popeic mopitiov kai opylAiov aTo piyua twv Ipmtwy vAOY

H evomto avt mepihapPdvel mpdTteg VAEG HE UEYAAN TEPLEKTIKOTNTA o€ 0&eidlo mupltiov Kot
apyiov. Ot mpmdTeEG VAES OWTAG NG KATNYOPlOG UTOPOoV €ITE VO, VITOKOTAGTHGOLY TLPLTIOVY KOl
apPYILOUYO CLOTOTIKG GTO PiYHO TOV TPOTOV LVAMV €lTE VO AEITOVPYNoOVY ®G S10pBOTIKE LAIKE
pvOuifovtag katd avtdv TOoV TPOTO TN GvoTOoT TG Qopivag. [I€pav TG MEPLEKTIKOTNTOS TOVE GE
mopitio Kot apyilo, givarl SuVOTO VAIKA QLTS TNG OUASNS VO TEPLEYOVV GNUAVTIKO TOG0GTO GE 0EEIOINL
acPBeotiov kot 61d3npov. TNy KoTnyopia avty mepthoppdvovton n urtauevn €epa (fly ash), n urtauevn
TEQPO. VYNNG TeplektikdTag o avBpaxka (high — carbon fly ash), n téepa mubuévae (bottom ash), n
Muvalovoa téppa (ponded ash), ta Ayvitikd amoppippata (coal processing waste), ta vroleippata
katorvtov (catalyst fines) kot o facdrtng (basalt rock) [1,7].

H wmtapevn téppa anotedel mapampoiév TV HOVASOV TOpay®YNG NAEKTPIKNG EVEPYELNG, Ol OTOIEG
YPTOLLOTO0VV MG Kowoun VAN tov avOpaxo. H a&lomoinon g amnd Tig fropunyavieg toipuéviov givar
pio mpaktikn apketd dladedopévn. [Thovoto epeuvntikd Epyo €xel dNUocievbel Yo TNV ypnoiomoinom
MG TEPPUG MG CLOTATIKO TOV TOLEVIOV, OC OELTEPEVOVIOS LOPALAKOD VAIKOV Kol ®G TETOPTOV
GLOTATIKOV 6T0 okvpodepa. H a&lomoinon e wtduevng t€ppag 6To Piypo TV TpOTOV VAGV Yo TNV
TapUy®yn KAivkep Toéviov amotelel éva medio to omoio €xel diepevvnbel oe ikpotepo Pabud
GUYKPLUTIKOL LE TIC TPONYOVUEVEG EQUPLOYEC. XYETIKEG EPEVVEC AVAPEPOLV OTL Omd TN YXPNoMN NG
MTAUEVNS TEPPOG (OG GLOTOTIKO TNG PAPIvVOG TOV TGYEVTOV, TPOKLITOLV TO. 0KOAovOa TEXVOLOYLKA,
AELTOVPYIKA KO TOPOYOYIKO OQEAN: o) PEATIOUEVN EYNOIUOTNTO TTOL GUVETAYETOL YOUNAOTEPES
Oepuokpaoieg €ynong xor gfowovounon kovcipov, B) avénuévn mapoywyn KAIVKEp, Y) un
aviyvevowun vroPabuon g  mowdtntag Tov  KAlvkep, O) ehottopéveg ekmouméc SO,
vdpoyovavOpakmv, kot ekmounéc NOyx (omv vypn uéB0d0) Yoo OPIGUEVEG LOVAOEG KOl UTTOUEVES
TEQPPEC KOl €) UEI®UEVT dnuiovpyio okdvng kapivov. Eriong mpokdmtovy emmAéov o@éln AOY® NG
@OoMNG NG TEPPOS, KOODS TPOKELTAL Y10 OLOLOYEVEG KOl AETTOKOKKO VAIKO, gAgvBepmg pong, Ta omoia
TeEPAAUPAvoOLY o) HEIOUEVO KOGTOG DAMKGV dlepyaciog tng Téppag kat B) Helwon TG mocoHTNTAG TNG
EKTEUTOUEVIC OKOVIG AOY® TNG YAUNAOTEPNG OmaiTnoNG Yo TPOMApackeL] (AAEON) TOV TPOTWV
vAoV. Qotd660, EQovv emoNUAVOEL KOl OPICUEVO PEIOVEKTILLOTO TG ¥PNONG WTTAUEVNG TEQPOS, OGS N
TPOKANON HELOUEVNS TAACTIKOTITAG TOL PYUATOG TPOQOdoGiog otny vypn HéBodo, evd e o povada



TapUy®yNG e v Enpn 1HéEB0do 1 WTTAUEVT] TEQPPO TPOKAAEGE QVENUEVT EKTOUT OAKOA®V, YEYOVOC
TOL UTOPEL VoL SNUOVPYNHGEL EUTOdIN 6T Agttovpyia Twv Ttpobeppavtipov [7, 18,19,20].

[Iépav g mrdpevns T€epag Kot GALo TopamTpoiovia TV HOVASMV TapUy®YNG NAEKTPIKNG EVEPYELOGS
7OV YPNGIUOTOL0VV MG KOS VAN Tov dvBpaka £xovv a&loroyndel mg evalAaxTikég TPMTEG DAES YO
™mv mopaywmyn tov kiivkep. ‘Exet avaeepBei [21] m yxprion g wrtduevng TtéQpag vyning
TEPLEKTIKOTNTOS G AvOpaKa, 1 omoia £3pace TOGO MG VIOKATAGTOTO TV TVPLTIOVY®V GLUGTUTIKMV TOL
UIYHOTOG TOV TPOTOV VA®V 0G0 Kol MG KAVGLLO Kot TV £yneon e eapivag. Emiong &xet diepguvnOei
n téepa mobuéva, 1 omoio £d€1&e OTL €ivol KOTAAANAN Yo TNV VTOKATAGTACT TMOV TLPLTIOVY®V
GLGTATIKOV TNG papivag evd avtioTolyn cupmeppopd enédeite N Apvalovsa T€epa, 1 oroia amoteAet
pilypo mrapevng t€epag Kot TEepag Tubuéva mov GUALEYETOL Kol 0dNYEiTOL O E10IKA SIOUOPPDOUEVES
Muveg 6mov kot amodnkevetan [1,7]. Te 0T 0popd T amopPippoTo SEPYOCIOV TOPAYy®YN Aryvity,
OYETIKN €peuva €0€1EE OTL TO TAEOVEKTNLO TOV VAIK®V OTOV EYKELTAL GTO YeYOVOS OTL pumopolhv va
ouuTEPLPEPHOVY TOGO MG VIOKATAGTUTO PVGIKMV TPMTO®V VADV OGS 1) Apythog Kat 0 oy1eToAB0¢ 0G0
Kol ©¢ KOOoIUn VAN e€outiag TG LYNANG TEPIEKTIKOTNTOG TOVG GE (GKowato AvBpoka (mepimov
25%)[1,7].

Téhog, Oetikd éxer a&oroynBel amd epgvvntéc 1 ewcaywyn 160 1oL Pocditn 660 Kol TV
VIOAEIUUATOV KOTOAVTOV 6TO UIYUN TOV TPOTOV DADY TOL TouévTov [1,7].

3.5 Evallaxtikoi popeic o105pov aro uiyuc twv mpotwy vAov

Kvpo yvopiopo avtig tng katnyopiag bAKOV givol 0Tt TepEYovy VYNAO mTOG0oTO G€ 0EEIdI0 TOL
G1ONPOL eV deVTEPELOVTMG TTEPLAapPivouy o&eida apytiiov kal Tupttiov. XpnoLorolovvTol gite yia
TNV VTOKOTAGTOGT GLONPOVY®V VAIKOV €ITE Y10 Vo, AEITOVPYRCOVY MG d10pBTikd VAIKAE TG papivag.
AVTITPOGOTEVTIKO TOPATPOTOV OVTNC TNE Kotnyopiag amoteAel n epubpd g H gpubpd 1\ givan
amOPANTO OV dMovpYEiTaL KATE TV avAKTNOT TG aAovuvag and Pwéitn pe tn uébodo Bayer. Eivan
aitepa mhovota o€ Fe,03 kat Al,O3 evd mepiéyet onpavtikd tocootd oe SiO,. Exet ovopachei £tot
AOY® TOV YPOUATOG TNG TTOV OQEIAETOL TN HEYAAN TOocHTNTA GLOT POV oV TeptEyel. H adlomoinon tng
®C OLOTATIKO NG POPIVAG TOV TOIUEVTIOV EYEL AMOGYOANOEL TOAAOVG epeuvntég [7,22,23,24,25], ot
omoiol otV TALWOYNEI0 TOVG GNUELOVOLY OTL 1| LYNAN TEPIEKTIKOTNTO GE TITAVIO UTOPEl vo €xEt
avtifeTo AMOTELEGN GTO GYNUOTIGUO TNG VYPNG PACTG KO UTOPEL VO TEPLOPIGEL TNV TPOGHN KN TOL €V
AOY® TOPATPOIOVTOC GTO iYL TOV TPDTOV DADV.

[Tépov ¢ epubpdg vog, éxel kataypaeei otn PipAoypapio [8,9] ko 1 ypnoonoinon GAAwv
EVOALOKTIKOV QOPEMY OLONPOL GTO UIYUN TOV TPOTOV VADOV TOV TOUYEVIOROUNYOVIOV Yo TNV
TOpaymYn ToL KAIvkep OTmG eivol To amo@pvypoto owdnpomvpitn (roasted pyrites), o cvvOeTikdg
awatitng (synthetic hematite), ta pwicpata owfipov (mill scale), n oxdévn petorhoktodv (converter
dust) kou n okmpia kacottépov (tin slag). Ta amo@pdypoTo G1ONPOTLPITN ATOTELOVY TAPUTPOIOVTA
7OV TTPOKLITOVV OO TNV EKUETAAAEVGT) TOL GLONPOTVPITY (LETAAAEVUE) KO 1] TTEPIEKTIKOTNTO TOVG GE
Fe, O3 xvpaivetar ot mepoyn amd 70% £mg 90%. Avtictoryo mocootd oe Fe,0; mapovsiilel kot o
ouvOeTIKOG opatitng, O omoilog amoteAel MAPOTPOIOV NG VOPOUETOAAOVPYIKNG KOTEPYOTIOG
AVAKTNONG TOL WeLdApPyvpov. Xe GYECT UE TN OKOpPlo KAGOITEPOV, TO TOGO0TO TG ot Fe,0s
Bpioketon otn mepoyn 40-60%, ©GTOCO TO GLYKEKPIUEVO TOPOTPOIOV OmOTEAEL GNUAVTIKO QOopéa
SiO,, AlL,O; kot aikoriov. Avagopikd pe ™ OKOVN HETOALOKTOV KOl TO. PWVIGHATO GLONPOL, £XEL
avaeepbel 1 xpnon tovg 6N Propnyavia TOREVIOL G G1dNPOLY®YV — 610pHNOTIKAOV VAIK®V, ®6TOG0 Ba
npémel vo AauPdvetor vadyn Kot 1 TEPLEKTIKOTTA ToL o dAa ofgidia omwe to SiO,, 10 AlOs, T
oAkaAio kot o SOs.



4 XYNOYH EPTAZIAY

2V mopodoo. EPYNCio KOTOYPAPNKE EVag HEYAAOS aplOUdc amoPAATOV KOl TOPOUTPOIOVI®MY TO OTOoiln
€xovv depevvnBel, 1000 Ge £pELYNTIKO OGO KOl G€ PLOUNXAVIKO EMIMEDO, MG TPOG TNV KATAAANAOTNTO
€100YMYNG TOVG GTO PiYHO TOV TPOTM®V VADV (Qpapiva) TOL TGLUEVTOL Y10 TV TOPAY®YN TOL KAVKEP.
Ta amoteléopata g PPAOYPAPIKNG ETICKOTNONG KATESEIEOY, YO TO CUVOAO TOV EVOAMOKTIKOV
TPOTOV VAGOV, TNV cLPPatdTNTA TG GLGTACNS TOVG UE TN GVCTOOT] TV PUGIKOV TPMOTO®V VADV TOL
YPNOLOTO0VVTIOL OTlG TotuevtoPflounyavies. Emmpocheta dwapdvnke, yoo tnv mAgloynoio tov gv
AOY® VMKGOV, OTL M E1I0AY®YN TOVG OTN Qopiva dev Qaivetal va ennpedlel KaboploTikd To TOLO0TIKA
YOPOKTNPIOTIKA TOGO TMV TAPUYOUEVAOV KAIVKEP OGO KOl TOV TPOKVLTTOVIMY TOUEVIOV.

Eniong, mpaypatomombnke xor pio Katrnyoplonoinon Tov eVOALIKTIKOV TPOT®OV VADOV O TPOG TN
ovotacn toug. H ouykekpuévn katnyoplomoinen 6tdyo gixe tnv kotdtan Kabe eVOAAUKTIKNG TPDOTNG
VANG o€ GYéomn Ue ToV PUGIKO Popéa acPeatiov, Tupitiov, OPYIAIOL Kol GLONPOL TOL LVTOKAHIGTA 6TO
plypo tov mpaTemv LAOV TOL TGUYEVTOV. X& OPKETEG MEPMTMGCELS, HOAGTO, domicTdinke OtL pio
EVOALOKTIKN TPMTN VAN SHVOTOL VO VITOKOTACTNCEL TEPIGGOTEPES AMO Ui PLOIKES TPDOTES VAES TNG
Qopivag TOL TOWEVTOV. ZVUQOVO HE OUTH TNV KOTNYOPIOTOINGT, Ol EVOAAUKTIKEG TPMTEG VAEG
Sdwokpivovtal 6tovg o) evolhoktikoug @opels acPeotiov, B) evarliaktukods gopeic acPectiov Kot
TLPITIOL, Y) EVOALOKTIKOVG QOopelg mupttiov, ) evariaxktikohg @opeig mupttiov kot opyldiov Kot €)
EVOALOKTIKODG (QOpPEIC O101pov, TOV MIYUATOS TOV TPOTOV LAOV (Qopiva). Xtov wivaka 1 mov
axoAovBel mapovsAleTal TO GUVOAD TOV EVOAAUKTIKOV TPAOTMOV VAGV TOL avoldOnke oto mAaiclo,
QVTAG NG EPYACING, KaBMG KOl 1] KATNYOPLOTOiNeT TOvg LE fACT TN GVGTACY] TOVS KOL TOV (POPEN TOV
VOKAOIGTOOV GTO UiYUO TOV TPOTOV VADV.

[Tivaxog 1. Katyopromoinon eVOAAOKTIKGOV TPHTOV VAGV OV €YoV ypnoiponombel oto piypa tov
TPOTOV VAOV (Qapiva) yio TNV mapoyoyn KAVKEP TOIUEVIOV G GYEOT UE TN GUGTOGT TOVG KOl TOV
QOPEN TTOL LITOKAOIGTOOV

Katmnyopromoinoen evorLoKTIKOV TPAOTOV VAADV TUPAYDOYNS KAIVKEP TOLPEVTOV 6E 6YE6T) UE T)
o0GTO0 TOVS KOL TOV QOPEQ IOV VITOKAOLGTOVY

AcBeotorbor Xauning [owdtrog (Marginal Limestones)

2kovn Kopivov Toevtofropunyaviov (Cement Kiln Dust)

Adonn Bounyoviag Ammaoudrtov (Fertilizer Sludge)

Adomn Bounyaviag Xaptiov (Paper Sludge)

Amoppippota Mapaywyng KapPidiov (Calcium Carbide Waste)
Evailoxtikoi Buounyavikn AcPeotoc (Industrial Lime)

@opeic aoPeotiov | AcPeotovya Adonn [apaywyng Ilicoag (Lime Sludge Obtained from Tar

Production)

AcBeotovya Anoppippate Exeéepyocio Nepod (Lime Waste from Water

Purification Plants, Lime Sludge from Drinking Water Processing)

AcPeotovya Adonn Bropnyaviog Tpoeipwv (Lime Sludge obtained from

Foodstuffs Industry)

Ykopio Yywoapivov (Blast Furnace Slag)

Miypo Zxopilag Yyikapivov kot Zkoplog MetaAiaktov (Blast Furnace Slag
and Converter Slag Mixtures)

Miypoto Zkopiog Yyikouivov Bapiov-Mayyaviov (Blast Furhace Barium-
Manganese Slag Mixtures)

Docpopovya Xxwpio Kapivov (Phosphorus Furnace Slag)

Evoiloxtikoi
popeig aoPeoTtiov
K01 Toptiov




Birovpeviovyog ytotorbog (Oil Shale)
Téppo Aotikmv Anoppupdtomv (Municipal Solid Waste)

Appog Xvtmpiov (Foundry Sand)
Téppa ®roov Puliod (Rice Husk Ash)
Evairaxtikoi ®rooc Pvliod (Paddy Husk)
@opeic roprtiov | AnoPinta ko Xteipa Ilpogpydpeva and tnv Experddievon ko Enelepyacia
Opvxtov kat Metordevpdtov (Ore Rejects and Mineral Tailings)
Appog ExmAvonc (Sand Washings)

YroAeippota Kataivtdv (Catalyst Fines)
Intapevn Téppa (Fly Ash)

Evairoxtikoi Intauevn Téppa Yyming Iepiektikdmrag oe AvBpaka (High-Carbon Fly Ash)
popeic moprtiov | Téppa [TuOpéva (Bottom Ash)

Kol apyliiov Awywvalovosa Téppa (Ponded Ash)
Amoppippota Aepyaciov [apaymyng Aryvitn (Coal Processing Wastes)
Bacditng (Basalt Rock)

EpvBpd IMog (Red Mud)

Amoppoypata X1dmpomupitn (Roasted Pyrites)
Evailoxtikoi YuvBetikog Apatitng (Synthetic Hematite)

popeic owdnpov | Pwicparta X1dMpov (Mill Scale)

2kovn Metodhaktov (Converter Dust)

>kopio Kasottépov (Tin Slag)

W
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YUVOUACTIKY] ¥PNon OmOPANTOV Yo TNV TOPAY®YN TAUKISI®V
EMoTPOONG

L. Iovrixnc', R. Iacobescu?, X. Pafdon’, A. Xpiotoyépov', I'. N. Ayyerémoviog'
Epyaotipio Yiikav kow Metallovpyiog, Tu. Xnuikaov Mnyavikov, Hovemotjuo Hotpdv, 26500,
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? Politehnica University of Bucharest, Bucharest, Romania

? Touéac Yixdv e e, Tu. Fewloyiag, Mavemotiwo Hozpdv, 26500, Pio, EAAdda

HEPIAHYH: I[Topackevdotnkov Kepapkd ypnopomoidvios 90%kp Xiomparovpiva (katdloimo
PBw&itn g depyaciog Bayer) kot dideopa vAikd o6mwg vordBpavoue soda-lime-silica, éva
apylthovY0 uiypo pHE AATN/yAopitn kot kotdhowmoa Popiov. H mpoomdBeia eotidleton ot
LEYIOTOTOINGN NG YPNONG TOV AmOPANT®OV Kol TNV €vioyvon g dnpovpyiog peuotg eaong
Katd v émmmon. H popeomoinon mpaypatomodnke o€ aviiotoryio e v teXvoAloyio TOTOL
“soft mud”, mov a@eopd oty mopaywyn ToLPAeV/TAakdiov we(odpowimv. H omtnom
Tpaypatonomdnke oe @ovpvo mpomaviov otovg 950-1100 °C, mpokeyévov Vo TPOCOUOLIGEL
mOovn Propnyovikn Topoaywyn. To amoTEAEGHOTA TOV PLGIKOYUK®V WO0THTOV KoODS Kot TG
UIKPOOOUNG TOV TEAMK®V TPOiOVTOV avoivovtal. Télog, mpoteivetonw 1 Pértiorn dwbéoiun
depyacio yoo Ty Propnyaviky mopayoyn mAokidiov emiotpoong pe v aflomoinon HeEYAAOL
m000G6TOV KaToAoimwv Baoéitn.

Aéeig kherdia.: diepyasio Bayer, Zidnpaiovpiva, katdrowma Pwéitn, epubpd 1Adg, apythovya
KEPOUIKA, TOOPAA, TAaKIdL.



Waste synergy for the production of pavement tiles

Y. Pontikes', R. Iacobescu’, C. Rathossi’, A. Christogerou', G. N. Angelopoulos'
Laboratory of Materials and Metallurgy, Dept. of Chemical Engineering, University of Patras,
26500, Rio, Greece
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ABSTRACT: Ceramics were developed using 90wt% of Ferroalumina, (Bayer’s process bauxite
residue) and a range of raw materials such as soda-lime-silica glass cullet, an illite/chlorite clay
mixture and boron wastes. The effort was to maximize the use of wastes and enhance the
development of the viscous phase during firing. Shaping was performed in accordance to a “soft
mud” brick/pavement tiles production and firing was performed in a propane firing kiln at 950—
1100 °C, in order to resemble a potential pilot plan production. The results on the physico-chemical
properties as well as on the microstructure of the end-products are discussed. A best available
process for the industrial production of pavement tiles with the incorporation of a high volume of
“red mud” is proposed.

Key words: Bayer process, Ferroalumina, bauxite residue, red mud, clay ceramics, brick, tiles



EIZATQI'H

Ta koatdrowma Po&it, N «epubpd 1AOG», amotelel To mapampoidv e diepyaciog Bayer katd tnv
TOPOYOYN TNG GAOLUIVAG, He etholo moapayouevn mocotnta mepimov 70Mt (The Aluminum
Association, 2000). H a&iomoinorn tov vAkoh avtov mopapével €vo BEpa e €VIovo aKadmLaiKo
Kol Prounyovikd evolapépov (Paramguruy, et al., 2005), apevdg AOY®m TOL UEYOAOL TOPUYOUEVOD
OYKOL, 0PETEPOL AOY® TNG KOANG duvatdtntag Yo emavoypnoiponoinon (Leahy, 2000).

v EALGSa, 1 xprion Bropnyovik®v @IATPOTPESHY DYNANG TTiEoNg 001YN0E GTNV TOPAY®OYN EVOG
VEOL DAMKOV HE TO Ovopo “Xidnporovpiva”, A, 1o omoio Bo pmopovce va PBpel ypnon otnv
TOPOYDYN KEPUUIKDY, TOHEVTOL KaOMG Kot g dAAeg epapproyég (Mmovpovvog, 2005). O otd)0g
yio v aglomoinon tov VAkoD ot Propmyovio kepapkdv givor vo emnpeactel eAdyiota m
vrapyovoa mopaymywkn dwdwacio (Pontikes, er al., 2006a, Pontikes, et al., 2007b), To K6GTOC
Tapoy®yng va petwbet 1 va mapapeivel To 1610 Kot TELOG TO YOPUKTNPIGTIKE TOV TPOIOVTOG VoL Elval
IKAVOTONTIKG, OVTOG OGQUAT Yo Tovg avBpomovg kal to mepPdriov (Pontikes, et al., 2006b).
ITotikég dokiég éxovv MOM mpaypatorombel oe mévie Propnyavieg SOUIKOV TOPASOCIUKDY
KEPUUKDV.

M eVOALOKTIKT] TPOGEYYION OMOTEAEL M| TOPAYWOYN KEPUUIKOV VMK®V omd ™ XA evtdg Tov
€PYOOTACION Tapay®YNG NG oaiovuivac, Onwg €xel mpotabel Mon oand to 1976 (Parekh and
Goldberger, 1976). Xe avt v katedBvvon givol amapaitnTo vo S106QaAIcTEL VYNAO TOGOCTO
xpNoNG g ZA, wpokeévou va, ehaytotonomBel 1 e&dptnon omd Tpitovg dAAL KOl TO KOGTOG
petapopds. IlpoondBeieg yro mapaywyr kepapkav and 100% XA, €xovv 101 npaypatonombel og
gpyaotnplokn kiipokoa (Pontikes, 2007, Pontikes, et al., 2009) expuetaAAe0OUEVOL TNV AVOY®YIKY|
omtnon kot tn Asrtovpyia T@v Povotitn og cvAritacua (flux). Evtovtolg, amatteiton avotpdg
€Leyy0G TOV TOPAUETPWY OTTNONG Kot To scale-up eaivetol un peaotikd. o to Adyo avtd, dAleg
A’ OAeg mpémel va avoapyBovv pe v XA, 010 TAAICIO0 TOV TPpLUEp®V cuvBécewv “plastic-flux-
filler”, mpoxepévon va emtevyBei To emBouUNTO OTOTELEG L.

Xmv mapovoo, epyacia, TPooTtédnKaV 6€ UIKPO TOGOGTO otV XA cuumAnpopotikés A’ VAES,
KATOlEC €K TV OMoimV Bempovvtol amdPAnta, Yo va evioyvbel 1 dnuovpyio TG pELOTHE PASNS
Kkatd v 6mnon (Kavas, 2006, Pontikes, et al., 2005). Xpnoyomoionie vardobpavoua, To omoio
avaxvkiovetal oty EAAGSo povo katd 25% mepimov, yAopitikd/iAtikd Capota, To omoio
VILAPYOVV QKO GE OYETIKN apBovia, Kabn¢ kot katdAouto Bopiov, Ta omoia amotiBevtan e puOud
nepimov 400.000t/y otnv yertovikn Tovpkia. vvenmg, Oheg ot o whve A” HAeg Ba pmopovcay va
UTOTEAEGOVV SUVNTIKEG ADGELS Y10, T fropnyavia Tng 0AOVUIVOC.

ITEIPAMATIKH ATAAIKAXIA

Qg A’ vheg ypnoiponomOniayv 90%Kkp XA and ™ Propnyavia Alovpiviov g EAAGS0G Kot
a) 10%xkp vardBpavopa tomov soda-lime-silica, kepapud “SLS”, 1§ B) 10%xp apytrodyo piypo pe
WAITY/yAopitn and Pounyavia kepopkav g Avtiknig EALGdag, kepapkd “Clay” 1 y) 10%
katdAouto Popiov amd ™ Prounyavia Kirka Borax, Etibor Co., Tovpkia, kepopikd “BW”. H
AMHKR avdAivon tov A vAdV eaiveton otov [ivaxa 1.

I'o v mopackevn tov deryudtov, ot A° VAeg Enpdbnkov kail Astotpifribnkoav <125um
(extoég TG XA), Kol KatoOmy avopiydnkov Kot mpootédnke vepd, apylkd Ge OVOUKTPO Kot
UETETELTO, 6€ KOYM®TO €E0ONT, TPOKEWEVOL VA EMTELYOOHV VYNAES SOTUNTIKEG TAGELG KOl VOl
pelmBodV T GUGCOUATOUATO ETLTLYYAVOVTAG TOPAAANAC KOAN opoyevormoinon. To vepd mov



TPOOTEONKE NTOV TO OMALTOOUEVO Yo Vo emttevybel avtiotoryyn TANCTIKOTNTO Yo OAEG TIG
ouvvBéoelc. H miaoctwomta petphinke pe v teyvikn Podong kovov. H miaoctikn pala
poppomofnke oe avo&eidwta Kohovmo daotdoswv (mm) 75.5 x 36 x 33 kor m elevbepn
empavelo, €ywve eminedn pe 1t Ponbeln omdtovAag. o tn peiworn Tov TOYOELUEVOL aEpa
SOKIUAOTNKE 1) UNYXAVIKY 06VN O TOV TAACTIKGOV LaldV, EVE PPloKOvIoucay VIO TOL KOAOLTLOD
toug. Ta omotehéopato €vIoUTOlg OEV MTOAV KAVOTOMTIKG KaBdg vanpye Slo@pIoUOc NG
vooTIKNg eaong (“bleeding”), omdTE KO OEV EQOUPUOCTNKE TEMKA.

Hivaxog 1. Xnuukn obotoon twv A’ viov, n.d.: dev uetpndnke, A.1l. ornwleieg mopwons

Si0, ALO; CaO FeO; MgO K,O Na,O TiO, B,0; AlL
XA 7.79 17.04 11.64 4434  0.57 0.07 3.17 5.12 n.d. 9.77
SLS 72,60 097 1033 0.28 1.84 025 13.00 nd. n.d. -
Clay 4629 13.11 1233 5.79 3.01 2.29 0.58 n.d. nd.  12.87
BW 1979 047 1232 023 5.95 0.61 11.66 nd. 16.14 3242

H &qpavon éywve og ouvOnrkeg dopotiov yio 72h kot katdmy otouvg 110 °C, uéypt otabepon
Bapovg. Ta dokipa akorovBwg peTpndnkoy wc mTpog T cvppikvaon kol 1o Bapog tove. H 6mtmon
TPAYLLOTOTOONKE G€ PovPVO Tpomaviov pe puouod Béppoavone 3°C/min kot xpOVo TAPALOVIS GTV
ooBeppokpaciakn Lovn 2h. H yoén tov kepapukdv €yve pe pubud 3°C/min €wg tovg 800 °C ko
UETG €VTOG TOL POVPVOL (UETOQOPA He oywyn). [IpokatoupkTikd TEPAUONTO Kol TOAUOTEPEG
perétec (Pontikes, 2007, Pontikes and Angelopoulos, 2009) éyouv «xoatadeifel 0Tl 1GYLPA
OVOYOYIKEG GUVONKEG LITOPEL VOL 0O YOOV GE POYUATMOON 1 £VTOVN KOPTWON TOV KEPAUKMV. ¢
€K TOUTOL, 1 OTHOCPUIPO OTTNONG NTOV OEEWDMTIKY UE TEPOPIOUEV OU®g TV €£000 TV
omaepiov. Ta dokipa yoo va pnv eivor ektebeyéva oty akTivofoAio. €vidc Tov (povpvov,
Bpiokovtav evtdg mupipaymg doung omd tovfia chamotte. To Beppokpaciakd evpog d6TTNONG Elvar
1000 pe 1100 °C ywo T SLS xon Clay kepapuxd kot 950 pe 1050 °C yuo to BW kepapud.

Tao dokipto petd tnv OmTNoN UHETPNONKAY ®G TPOG TNV amoppdPNOoTN VEPOV, TO avoryTd
TOPMOEC, TN POUIVOLEVT] TUKVOTNTO KOl TO QOIVOUEVO E01KO PApog, cvuppwva pe o tpdtumo ISO
10545-3:1995, evd petpnOnke emmpocheta n amdAeln PAPOvg KATA TNV ONTNOT OAAG KOl 1|
ovppikveon (og TPog 10 PNKog Tov ENPov cdpatog). H pikpodoun tov KeEpOUIKOV HETE TNV
omtnon mapotnpnonke pe niektpoviky pkpookonia, SEM, 6300, Jeol, og dsiypato petd amd
EMKAALYN UE YPLGO.

AIIOTEAEEMATA

To vepd popeomnoinong frav (%kP): 23.9+0.2, 24.240.3 ko 24.410.2 yia ta kepapuxd SLS, Clay
ka1 BW avtictoryo. H cvppikveon petd v Enpavon eivon (%kP): 2.610.1, 3.4+0.2 xon 2.8+0.2
yio to kepapukd SLS, Clay kot BW oavtiotorya. To yeyovog avtd esivor evolapépov, Kabmg M
CLPPIKVOCT] GE TEPIMTAOCELS OPYILOVY®V KEPOMK®DY TOL £Youv pHopeomowmbel mAaotikd (Ue
eEmbnomn, mocootd vepd >20%kP) eivor >5% (Pontikes, 2007). Zvverdc, otV CLYKEKPLUEVN
TEPIMTOOT, 01 KOKKOL TOV KEPAUUIKOD dev emavadievfetohvtal Kabmg 10 vepd ATOUAKPVVETOL KAl 1)
TAaOTIKY palo petotpémetor o ENpod Kepaptkd pe vYNAd Topdoes. AVTIGTOL0 CUUTEPAGLLOTO
glyov TPOKOYEL Yoo apythodyo piypato pe XA, 6mov n avénon g ZA odnyovoe oe peioon g
mokvotntag tov Enpov copatog (Pontikes, 2007). To mo mave oeesileton agevdg otnv
KOKKOWMETPIKN KATOVOUN TNG LA 0QETEPOL GTO HEYAAO TOGOOTO KOKK®V pe péyebog <lpum pe
enokolovdn avdamtuén dvvapemv Van der Waals kot onpoviikod Babuod cvoocopdtoon. Me



TPOTOTOINGT| TNG KOKKOUETPIKNG KATAVOUNG LIAPYEL dSuvaTOTNTO EMITELENG WIKPOTEPOL OPYLKOD
mopmoovg (Pnydrog, et al., 2007).

H andiea Bapovg katd v dnnon eivor 11.0%xP mepimov yia ta kepapwd SLS, 12.7%xp yia ta
Clay xot mepimov 14.5%kp yo ta kepopkd BW. H cuppikvoon kotd v 6mtnon, Ewoéva 1, yia ta
rkepapikd SLS kot Clay eivar avtiotoyn kot kopaiveral ond 2% mepimov yo tovg 1000 °C, péypt
13.5% mepinov ko 12% mepimov yia ta SLS wor Clay kepapuxd avrtictoyo otovg 1100 °C.
Avrifeta, ta kepapkd BW €yovv fdn amd tovg 950 °C 12% mepinov cuppikvmon, avtictoyn
onAadn pe avtn TV AoV Kepapkdv otovg 1100 °C. H péyiom cvppikvoon yia ta BW givan
16% mepinov otovg 1050 °C. Ev yévet, n cuppikvoon yuo Tig TEPIGGHTEPES TOV TEPIMTAOCEMV Elvar
wwaitepa VYNAN, EVOEIEN OTL TO apyiko ENpo oo gival pe VYNAO TopmOEC.
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Ewcova 1. Xvppikvwaon katd v omtnon
ovvoptioel TS Ospuokpaciog OTTHowG.

H amoppdenomn vepov yia ta kepopkd SLS kat Clay eivorl mapaninocio, Ewkéva 2, oe cuppovia pe
TO OMOTEAEGLOTA TNG GLUPPIKVOSNG. AV Kot ot apykés TIHég eivar apketd vynAiés (>24%), otovg
1100 °C 1o anoteAéopota etval wkavomomrtikd, 12% mepimov. Evtovtolg, 1o yvahi (kepapucd SLS)
€lvOL 0 IKOVOTTOMTIKO GCUAMTOGLO 6€ YOUNAOTEPT BEPLOKPUGIN EVOVTL TOV apYIAOVYOV UiYLOTOG
(kepapikd Clay). Zopewva pe mponyovpevn epyacia (Pontikes, et al., 2007a), To onueio valmoovg
petdntoong tov soda-lime-silica yvaAiiov eupoavietor otovg 540 °C, ko kat’ eméKTOoN,
TEPOTEP® Gvodo TG Oepupokpaciog empépel aobnt peioon tov MO0V TOV COUATIOIMV
YOOMOU TPOKOADVTOG TOV CYNUATIGUO UIKPOTEPLOYDV PEVCTNG PAGNC Ol OTOlEG EVIOYLOVY TNV
TLPOGVOCOUATOON AOY® 1EMSOVG pong. e avtifeon, ota kepapkd Clay, amatteiton Oeppokpacio
>900 °C mepimov, 6mov Sl0omATOL O AAITNG TPOG PELOTH PACT], YO VO YIVEL TO GUCTNUO TLO
dpaotikd. Emmpocheta, to apythovyo piypa €xer 40-45%kp mepimov yoralio ko 23%kp CaCO;
nepimov. O yaroliag avtidpd o pikpd oyetikd Padud yuo Beppokpacio <1000 °C kot o CaCO;
wpowbei T onpovpyic KPLGTEAMK®OV PAcE®Y TEPLOPILoVTag TNV AVATTLEN TNG VOAM®OOVG PACTS
otovg 900-1000 °C (Cultrone, et al., 2004). Ta kepapwd BW, gupavitouv 15% amoppdepnon
vepov otovg 950 °C ko @tdvouv 10 5.3% mepimov otovg 1050 °C. Agdopévng g vynAng
anoAielog Papovg Tov BW (32.42%xp), cvurepaivetor 6t 1o BW givon ol 1oyvpd cuAdinacpo,
o€ GLUP®VIO Kot pe Ta amoTeAéopata AAAwv epyacimv (Christogerou, ef al., 2009, Kavas, 2006).

H owvopevn mokvotnra, Ewodva 3, mowilet omd 1.7 péypt 2.4g/cm’ mepimov, yio o SLS kon Clay
Kepopkd kat amd 2.3 péypt 2.8g/cm’ mepinov, yua ta kepapukd BW.
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Ewcova 2. Amoppognon vepod oovaptioel Ewcova 3. Dorvouevy worvornta
¢ Bepuokpacioc OnTnong. ovvopTHoEL THS Beplokpooias onTnong.

Ymv Ewéva 4 ooaivovior to kepopkd petd tnv Omnomn o€ dapopeTikéc Oepuoxpacies.
IMopatnpeitor evpeio dSokOUAVET, TOGO TOL YPOUATOG TOV KEPUUK®DY 0G0 Kol TOL peyédovg Tovg.
To 10popeTIKO YPDUO OPEIAETAL OTIC SLUPOPETIKEG KPUOTOAAIKES PACELS TOV AVOTTOCCOVTOL KO
oTOV TPOTO GLUUETOYNG o€ avTég Tov Fe. TTowiAel and koxkvo yio to SLS1000 kon Clay1000, og
Kapé/umel oo vynAotepeg Beppokpacieg, uéypt kal povpo yoo to BWI1050. Eriong, npénet va
avapepOel 0Tl To YpdOUO TOKIAEL OKOMO KoL Y10 TO 1010 TO KEPOUIKO, TOPE TNV TPOoTAOELD Yo
enitevén opolOHOPPOV GLVONKOV KOTE TNV OMTNnoY. AVTO OQeileTal GE TOMIKG OLPOPETIKES
ouvOnkeg (MOy® atudspapag, axtivofoiiog KTA) ot omoieg emdpodv kvplo ota o&gida tov Fe,
00MYOVTOG TPOG avoymyn HE emakoiovdn volomoinorm (Pontikes and Angelopoulos, 2009,
Pontikes, et al., 2009). Avtd ennpedlel TPOPOUVOS KOl TN GLPPIKVMOCT] TOV KEPOLK®Y Kol
TOPOTNPEITAL EVIOTE AVOLLOLOLOPPO OOTEAEGCLOL.
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Ewova 4. Doroypagio 1wV KEPOUIKDY UETE OTTO THV OTTHON OE O1GPOPES OEPLOKDATIES.



H pwcpodoun tov kepapik@v pe avtiotolyn ovppikveoon/amoppoenon vepov, @oiveTol otnv
Ewova 5. Xopaktnpiotik) givar og OAES TIC TEPMTOGELG 1 VTapén peydAov TOpmV GOUPIKOD
OYMLLOTOG, TO 0010 OPEIAETAL KUPLOL GTOV TOYIOELHEVO aépal Katd T popeomoinon. To SLS1100,
Ewova 5(a), eivar Tokvo, pe oyeTikd peydlovg KAEIGTONS TOPOLS (TEPQ GO TOVS APYIKOVS TOPOLG
AOY® LOPQOTOINGNG) KOl GUURTAYEIG HIKPOTEPLONEG YWPlG KaBOAoL TOop®OEG (TPDNV KOKKOL
yvaiov). To Clay1100, Ewova 5(b) eppaviler mopddeg pkpdtepov HEGOV peyéBovg GLYKPITIKG e
to SLS1100, to omoio givar cuvnBwg dacuvoeoduevo. Térog, To BW 1000, Ewova 5(c) eppavilet
TOG0 CLUTAYEIC LKPOTEPIOYEG Y®PIG TOPDIES, OOV THAVOTATE LANPYAY OpLKTA Popiov Kot Ta
0moi0. £Y0VV GUUUETACYEL GE VOAOTOINGT], OGO KoL TEPLOYEG LLE AVOIKTOVG TOPOLS LIKPOL HeEYEDOG.

Eiwcova 5. Eixoveg amoé SEM, a) SLS1100, b) Clay1100, c) BWI1000.

[TPOTAXH AIEPTAXIAX

Yvvumoloyifovtag Tic vEES duVATOTNTEG TOL dlavoiyovtal e TN Plopnyavikn EIATPOTPESCO Kol
Aoppavovtag vmOyn To EPEVVNTIKG OTOTEAECLOTO TOV TEAELTOIOV €TOV £YEl KatoyvpwOei
dimhopa gvpeoiteyviag (Angelopoulos, et al., 2007). Avo givor ta KOplo onpeia: o) 0 oYESGLOG
TOV piypoTog pe tn XA ko ) n 6mnon tov ENpov KEPAPKOD TOL TPOKVTTEL.

XYMIIEPAXMATA

e [lopackevdomkov pe emrvyio kepapkd omd 90%kp Ziwdnparovpiva (XA) ko 10%kp
TPOGHNKN VAIKGOV TTov TpowBolv Tn dnpiovpyio pevetc edons, 6mwg voiobpavopa soda-
lime-silica, apythodyo piypo mAovcio og AT/ YAwpitn, Kot katdloira fopiov.

e H dwiepyoasio mapoaywyng tov kepoapik®dv Bo pmopovce va viomombel 610 €pyooTdcio
Tapoy®yng adovuivag (ko KotdAowmwy Po&itn) kot pe avtd Tov TPOTO aToPEVYETOL TO KOGTOG
LETAPOPAG TOL VALKOD.

o Ta npoto amoteléopata gival evOoppuvTIKG OAAG OTTOLTEITAL OAOKANP®GOT TV UETPHCEDV
(mepOhaoipetpio axtvav X, avtoyn o€ OAlyYM, EkAovor, epeavion devutepoyevovg aoPeoTtitn)
Y10l VO, DVTTAPYEL TTLO OAOKATPMUEVT] EKOVA.
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MeAétn ™G OGTOANG TOIUEVIOV UE OWENUEVO TOGOCTO MTAUEVNG
TEPPOG

I1. IIruakaxn
A.E Towéviwv TITAN., AicvOvvan Epesvvog kor Howotnrag, T.0. 18-19200, Elcvoiva
M.XavioTakng
A.E Towéviwv TITAN., AicvBvvon Epevvog kou [owotrag, T.6. 18-19200, Elcvoiva

Aéeig rherdia: mrapevn t€epa, dSooToln, (edAbot, Aopovtitng, AeovyopvTitng

HEPIAHYH: Xtmv mopovca gpyacio diepeuvidnikoy To aitio Tov TPOKAAESHYV AVENUEVT] SOGTOAN
o€ TOWEVTO pe LYNAO mocootd mtduevng téppoc. 'Etol, mopackevdomnkav delypato macTog
ToléVTov, oTo omoia €yve VOpobeppky katepyacio otovg 20, 40, 60, 80 ka1 100 °C ywo 3 dpec.
Emm\éov, avtiotorya deiypoto tomobetnkay oe dapopeTikd ¢ Tpog TV vypacia mepiPdilovta-
VOOTOAOVTPO, ATUOAOLTPO KOl TVPLAVTAPLO Kot og Beppokpacio 100 °C. Xta deiypoto petpridnke n
Stwotol Ko axolovBwg avtd efetdotnkav pe mepibhaon axtvov X, SEM ko EDAX.
SOUTEPAGLOTIKG, 1| TEPO A0 TO Oplo. SLOCTOAY dgv TPOKANONKe amd v elevbépa acPecto g
mTAPEVNS TEPPOG OAAG amd Tov oynuatiopd (eOMOOV Kol GUYKEKPIUEVO TOV AMUOVTITN Kol
AEOVYOPVTITY, O UETACYNUOTIGUOS OUTAOV OO TNV L0 HOPPY] OTNV GAAN CLVOEETOL UE POVOLEVO
Stuotodnc. Amodeiynke 6t TOG0 1 Beppokpacio 660 kot M vVypacia gival KabBopiotikol Tapdyovteg
a@ov Katw amd Toug 60°C kot ywpic eufantion oe VOATIKO dtddvua dev eppaviletor {eoAbog Kt apa
SloTOM.

Study of expansion of cements with high amount of fly ash

P. Pipilikaki

TITAN S.A, RD&Q Department, PO Box 18-19200, Elefsina
M. Chaniotakis

TITAN S.A, RD&Q Department, PO Box 18-19200, Elefsina

ABSTRACT: This study examines the reasons that caused expansion of cement with high amount of
fly ash. Thus samples of cement pastes were prepared and treated hydrothermally at 20, 40, 60, 80 and
100 °C for 3 hours. Furthermore, samples were heated (100 °C) in different moisture environments.
The expansion was measured and the samples were examined by means of x-ray diffraction, ESEM
and EDAX. Conclusively, the reported expansion was not due to fly ashes free lime but due to
formation of the zeolites laumontite and leonhardite whose transformations from one form to the other
is related with expansion phenomena. It was also proved that temperature and moisture are decisive
factors for this process as under 60°C and without water solution there is no zeolite formation and
therefore no expansion.

EIZATQI'H

Ao yewloyikng mievpdg o oynuatiopds (eOMBwV Omd MQOICTEIOYEVH] TETPOUATO EIvol TOAD
yvootoc. Tepdupata e epyaostnplaxd eninedo £xovv deiel 0Tt eivor oYeTIKE 0KOAOG 0 GYNUATICUOC
LedMBV amd VAKE epumiovtiopéva og opyrhomvpttikd vAkd. [Ghosh 1993]

H wtdpevn téeppa potdlel HOpQOAOYIKA pHE KATOO TMQOICTEIOYEVH] TETPMOUOTO TPOOPOUD TOV
CeoMbBmv. Avtog gival o Adyog Yoo Tov omoio givarl @ikt 1 ovvBeon d109opv 0OV (eOMOMV pE



KatdAANAY eme€epyacio g wrdpevng téepag. [Ghosh 1993, Querol 1999, Ojha 2004] Emiong,
avapépetor [Ghosh 1993] 6t towévio pe wthpevn T€PPA 6€ HEYOAO TOGOGTO UTOPOVV Vo
dnpovpynoovy LedoABoug dtav Katepyaostovv vopobepukd oe aikaikd tepipdriov. O oynUATIGUOG
avToC pmopel va, amopevybel avéavovtag TNy TocoTNTA TOL KAIVKEP GTO TGIUEVTO.

O Lopovtitng oynuatiCetor vépobepuikd, pe Pértior Beppokpooio oynuatiopod tovg 100°C, oe
OAKOAKO TEPIPAAAOV.

Ol avTIoTPENTOl PETACYNUATIOUOL TOL AMUOVTITN KOl TNG UEPIKAOS GVLOPNG UOPONG TOL, TOV
Aeovyaptitn avagépoviolr oto mpotvmo ASTM C 294 g vrevbuvol yuwo amocabpwon AdY® g
petafoing oykov katd v ENpavon-Oypavon. QG AeovyopvTiTng MEPLYPAPETAL o OpAde Oomd
APLOATOUEVES HOPPES TOL AMUOVTITN Ol omoieg mapdyovtar pécm Enpavone. O yevikog TOTOG TOL
Aopovtitn eivor Cay[(AlO,)g(Si0,)1616-18 H,O  evd o Aeovyoptitng umopel vo éxet 12 og 14
KPLOTOAAKA vepd. H d1apopd 6tov YKo TV SLPOPETIKOV TPOidoVI®mV evuddTmong glval SOGKOAO va
TPOocdoPLoTel AOy® EMAEYNG OedOUEVOV TUKVOTNTAG Y10 OPKETEG HOPPES Aeovyoptitn. [Tapdia avtd
Baclopevol og VTOAOYIGHODS YPNOIUOTOIDVTOG TIC OOOTACES TOV KOWEMO®VY, 1 UETABOAN TOL
oykov etvon mepimov 3 €wg 6 %. Avtq m perafoArr umopel vo em@épsl omocAbpworn Tov
okvpodépatoc. [Jana 2007]

H mapovoa epyacia £xel g 0KOTO TNV S1EPEVVNON TNG OLLGTOANG TOV TUPOVGLACTNKE GE TOUUEVTO UE
45% mtauevn t€epo 6To 0Toi0 JAMICTMONKE 0 GYNUATICUOC Tov {eOAB0V Ampovtitn. Xta TAaiclo
g OlEPEHVNONG OVTNG EYve EAEYYOG TV GLUVONKAV GYNUATIGUOL A®UOVTITN Kot TNnG GLVOEGNG TOV
GYNMUOTIGIOV OLTOD LE TNV EUPAVIOT] SIOYKWOOTG.

IHEIPAMATIKO MEPOX

INopoaokevdotnikay deiypato mAoTOC TOWEVTOL COUEMVE e TO TTpdéTLVTO 196-3, oto omoio &yve
Opobepuky| xatepyacio otovg 20, 40, 60, 80 kot 100 °C yia 3 mpeg. EmmAéov, avtictoyyo delypota
tonmofethOnKoy Gg SPOPETIKA MG TPOC TNV VYPASio TEPIPAAAOVTA-VIATOAOVTPO, ATUOAOVTPO KOl
moplaviplo kot oe Ogppokpacio 100 °C. Xta deiypoto petpridnke 1 SeoToAn Kol akoAovBmg avtd
eetqomnkov pe mepiBroon axtvav X, SEM kot EDAX.

AIIOTEAEXMATA KAI XYZHTHXH AITIOTEAEEMATQN

1. Emiopaon g Osppokpaciog

Onog avaeépdnke mopamdve KOPLo TOPAUETPOS VIO TO GYNUOTIGUO A®UOVTITN OTOTEAEL 1 VYNAN
Oepuokpaocia, €tol éywve €heyyog TG EMOPAONG OLAPOPETIKDY OePUOKPOCIOY GTNY OMpovpyia
Aopovtit.

ATo TIC HETPNOEIS TOV JAGTOAGY oV TTapovctalovtar otov [livaxa 1 sival epeavég 6Tl 1 Sl06TOAN
Tov deiypdtov ovédvetor pe v avénon ¢ Oepuokpociag. Xvykekpiuévo, oe Oepuokpocieg
peyodotepeg amo 60°C eppavifetar avénuévn S0eToln.

[Mivaxoag 1: Metpnoelc 6106t o€ d10popeTIkéS OepuoKkpacieg
Oeppokpooia (°C) 20 40 60 80 100
Awctolq (mm) 0 03 13 17 29

Amd ™V TPOGaPUOYT KOUTOANG OTO TELPUUATIKO SEGOUEVO, TTPOKVTTEL OTL 1) OlGTOAN awEdveTon
ekBeticd and 1 Beppokpacio £kBeong Tov dokipiov. Avtd onpaivel 6T Yo yopnAég Oeppokpacies 1
SlooTOAN givar oyedov undevikn eved av&avetor mold Yo peyolvtepeg Beppoxpacies. H Srapopetiky
VT GLUTEPLPOPE. o€ YauMAEC Kot VYNAEG Oepupokpacieg amodstkvoel OTL M aition TG SGTOANG
gupaviCetor og Ogppokpacisc amd mepimov 60°C kot Tavo.
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Ewova 1: Adypappa dtootodng og mpog  Beppokpacio Katepyosiog

Ipokewévov va e&akpPwbdel n artio e ddykmong €ywve a&lohdynon Tov deyudtov pe aktiveg X.
Ta Saypdupota tapovoidlovral oty Ewdva 2.
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Ewova 2: AKTivodioypappato TecT®V TOEVTOL TOV VTECTNOOV VOPODEPLUKT KATEPYOTIH GE
dtopopeTikég Beprokpacieg

A6 10 TOPATAVEO SLAYPOULE PAIVETOL OTL VA OTO SElYUOTA TOV dEV TOPOLGIOCAY HIKPT Sl0GTOAN
eupavioviol o1 KOPLEES TOL ETPVYKITN, OTNV WAGTO TOV TOPOVCINGE OLOGTOAN Ol KOPLPEG TOV
amovotalovy evd eupavifetor por A kopven o 20 ~ 9.5 n omoila amwodidetal 6TO0 GVGTHUA
CeoMbBwv Aopovtitn — Aeovyaptitn.



Mo o Aemtopepelakn e€ETOON TOV oKTVOSLYpapUdTev Tapovctaletal otnv Ewova 3 and omov
glvar coéc 0Tl og VyYNAég Bepupokpoacieg gppavifetar 11 Kopven TOL Ampovtity kabdg Kot Tov
Aeovyaptitn. ‘Etol, e€dyetatl 1o cvunépacpo 0Tl 1 010yKmor mov epeaviletal givol amotéAecso Tov
UETAGYNUOTIGHOD TOL AMUOVTITN 6g Agovyoptitn Adym g Enpavong tov deiypatog petd tnv £€£0d0
oV amd 10 VOUTOAOLTPO.
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Ewova 3: Aentopépelo axTivodlaypapuUaT®V TUGTOV TOLEVTOD TOV VTEGTNGOV LOPOOEPUIKY
Katepyacio o dapopeticég Beppokpacieg

Ta deiypoto ue ko yopic dtaotoln aloloyndnkay pe nAektpovikd pikpookodmo chpwong (ESEM)
Kol EVOEIKTIKEG pMTOYPAPIES TOPOVGLALOVTOL TAPAKAT®.

Ewodva
4.
Evoeik
TIKEG
HKpo®
®TOYp
apieg
KpLOT

GAA®V OV GYNUOTICTNKAY GTNV TACTA TOLEVTOL LLE OL0GTOAN

H pedém tov derypdtov pe MAEKTPOVIKO HKPOOKOTIO Gapmong £51&e OTL, OTmG givol EPQAVES OTIG
pikpopatoypopieg g Ewovag 3, oto delypo mov vréotn O6106TOAN EUQOVIOTNKOV KPOOTOAAOL
peyébovc~2 pum Swomapuévor oe OAn N palo tov eetalduevov Oeiypatog. Ot kpvoTOAAOL
avolvOnkav pe axtiveg X (EDAX) ko giyov otabepn ovotaon pe péco 6po Al,03/Si0,=0,5, evid n
BepnTIKN TN TOL AOYOL GUUE®VO. LE TN ¥NKN 6OGTACT Tov Awpovtitn givar ~0,42. Emiong, 6o
pEneL va onuewmBel OTL M WTAUEVT TEQPA ElXE TPOPOVAOG OVTIOPACEL KAOMDS Ol KOKKOL TEQPAG,
GUYKEKPLUEVA 1 VOADING (Ao, dev NTOv gRQaveic oe OAN TN pala Tov e€etaldpevov deitypatog. Avtd



odnyel 6T0 cLUTEPACUA OTL M IMTAUEVT] TEQPPO OVTEOPAGE TPOG CYNUATICUO T®V EUPAVIOUEVOV
KPLOTAAA®V.
2y Ewoéva 5 tapovoidlovrol pukpopmtoypapies Tov detylotog mTov dev vIéaTr S10GTOAN.

Ewova 5: EvOeikTikég LKpopmTOYpapieg TAOTOC TOUEVTOV YWOPIg SI0GTOAN

To delypa mdotag toéviov mov eEeTAOTNKE €lYe TNV KOVOVIKY HOPPOAOYidt TOV €VLIATOUEVOL
TOLEVTOL, eMioNg NTAV ELPAVIS 1 Tapovaio kKOkKwV TEepag (Eucova 5 apiotepd) eved mapatnpnnie
Kol M avamTuén KpuoTdAlwv eTpivykitn Tov mopwv (Ewodva 5 0e€id) o omoiog e€dAlov aviyveuTnke
Kol [LE TNV avAaAvon pe aktiveg X.

2. Emidopaon g vypoociag

‘Evag 0g0tepog OMUOVTIKOG mopAyovTag Yoo To oynuatiopd tov {e6Abov eivar mn vypacio.
Yuykekpléva, ovaeépeTol 0Tt amovcio voatikod mepidiiovtog dev oynuatiletor (edAboc. ‘Etot,
€ywvav dokiuég Béppravong oe dlapopeTikd mepBaAlovta vYpAciag: o) VOATOAOVLTPOL OTOL LIAPYEL
TMNPNG epPdmtion Tov dokipiov 6 vepod, B) atdrovtpov dmov vnpye Ekbeor og OepohS VOPATUOVG
K01 Y) TUPLOVINPIOL OOV LITPYE TANPNG ATOVGio VEPOD.
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Ewova 6: Alactodr detypdtov og d10popeTikd mepipdilovia vypaciog

Ta amoteléopata T@V HETPNOEMV SIUGTOANG £D€1EAV OTL 1] HEYOAVTEPT SLOIGTOAN TOPOVGIALETOL TNV
nepintoon mov ta doxipe Puvbictnray TP eviog Bepuod vdatikod daiduatog. Akolovbei M
SlooTOAN TV SoKIi®V oV EKTEOMNKAY o€ VIPATUOVS eV amovaia vypaciog dev VINPEE TEPA ATO TA
EMTPENTA OPLOL SLUGTOAN).

AxoroV0w¢ TV dokiudv ovtdv To dsiyparta eAéyxOnkov pe oktiveg X. To axtivodloypauuoto
nmapovotdlovior otnv Ewova 7.
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Amd to mapandve eivol Tpoeovég 0Tl povo oty mepintmon mov to detypo nTav Pubiopévo evtdg
vdatikod drahdpatog kar pe OEppaven otovg 100°C vpée oynuatiopds v (eoMbmv Ampovtitn kot
Aeovyopvtitn. Avtifeto oty mepintoon atpobépuavng (steam curing) n d1dykwon opeileTor oTov
OYNUOTICUO ETPIVYKiTN, 0 omoiog mapadootakd oynuotiletor oe tétoleg cvvOnkes.[Skalny 2002]
Téhog, @aivetar O0tL pe Bépupavon omovcio vypaociag dev LRAPYXEL GYNUOTICUOS KOUAS amd TIg
TOPOTAVED EVOGEMV.

YYMIIEPAXMATA

A6 ™V TOPOTAVO TEPAUATIKT dlEpEHVNON TPOKVTTOLV Ta aKkOAOLON GVUTEPACUATOL

e FEivar gptd va oynuoatiotel {e0MBoc amd TOV UETACYNUOTIGHO T®V OPYIAOTUPLTIKMV
GUGTATIKAOV TNG IMTAUEVNG TEQPAG TTOV TTEPLEYEL TO TOUEVTO e VOPODEPLIKT KOTEPYOTIAL.

e Edv o {edoMbBog mov oynuotiomke gival o Ampovrtitng tote katd v dokwun Le Chatelier
oopewve, pe 0 EN 196-3 pmopel va epoaviotel mépo amd To QUGLOAOYIKG, OPle SILGTOAT GTO
TOEVTO.

e H onovpyia tov {eoAiBov amd v wtapévn Téepa Umopel va avooTOAEL av Ogv VTAPYEL 1
amartovpevn Beprokpacio | vYPAGia Yo TOV GYNUOTIGHO TOV.
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ABSTRACT: The effect of glass addition on the processing, physical properties and
microstructure of pelletised lignite coal fly ash from the Megalopolis power station in Greece has
been investigated. Fly ash/glass mixes have been rapidly fired at temperatures between 1040 °C and
1120 °C in a rotary furnace, and the density, water absorption and pellet strength determined.
Sintering 60:40 FA: waste glass blends at 1120 °C produced lightweight aggregate pellets with a
mean density of 1.35g/cm®, water absorption of ~16% and crushing strength of 7.36 MPa. The
work indicates that Megalopolis FA combined with recycled glass can be used to manufacture
lightweight aggregate with properties comparable to commercially available products.

1 INTRODUCTION

Coal fired power stations in Greece produce approximately 10,000 kilo tonnes of fly ash per year
(Skodras et al. 2007). The highest level of production is in West Macedonia in northern Greece,
where approximately 7,600 kilo tonnes is produced each year. In the southern part of Greece in
Peloponissos, about 2,400 kilo tonnes/year is produced. Only a relatively small amount of this fly
ash is currently beneficially reused. The cement industry uses between 7 and 15% of total fly ash
production, but fly ash reuse in Greece is generally low compared to much of Europe, where reuse
is typically about 48% (Quina et al. 2003). Greek fly ashes have been characterized (Filippidis and
Georgakopoulos 1992; Sakorafa et al. 1996; Koukouzas et al. 2006; Skodras et al. 2007) and
potential applications have been assessed, including use in cement and concrete (Papadakis and
Tsimas 2005; Papayianni 2005; Papayianni and Milud 2005; Skodras et al. 2007) and road
construction (Mouratidis 2001; Kehagia and Tsoxos 2005). The potential for using fly ash in
cement production, brick manufacture and construction of road embankments in Greece has
recently been investigated (Skodras et al. 2007). It was concluded that total fly ash utilisation in
these three applications would be less than 40% of the total even assuming optimistic reuse levels.

A major component in municipal solid waste (MSW) is container glass, even though it is relatively
easy to separate (Karamberi and Moutsatsou 2005). Glass is included in the EU Packaging
Directive and specific recycling rates have been set for Member States. By 31 December 2008,
60% by weight of glass must be recycled, although Greece, Ireland and Portugal are not bound by
this target until 2011. Waste glass recycling rates in Greece between 2000 and 2005 have been at
about 26% (EUROPA 2007). There is a limit to the amount of cullet that can be re-used in glass
production and therefore there is an increasing surplus of green cullet in Greece (Papadopoulos
2003; Enviros 2004). Alternative uses are required to reduce the amount currently landfilled. Glass
cullet has been successfully used as fluxing agent in ceramics and bricks, as it lowers the softening
temperature, firing time and energy consumption (Barbieri et al. 1997; Ducman et al. 2002).



There is increasing demand for lightweight construction products for use in pre-cast, structural
panels. A range of different materials have been used to produce lightweight aggregates including
incinerator bottom ash (IBA) (Bethanis and Cheeseman 2004; Quina et al. 2006), fly ash (Swan et
al. 2001; Huang et al. 2007) and glass (Ducman et al. 2002). The objective of this research was to
characterise the properties and microstructure of lightweight aggregate produced by pelletising and
sintering fly ash/recycled glass mixes. The effect of sintering temperature on physical and micro-
structural characteristics relevant to use as lightweight aggregate are reported and compared to
commercial lightweight aggregates.

2 EXPERIMENTAL PROCEDURE

Class C fly ash (FA) was obtained from the Megalopolis power station (Public Power Corporation
AEH). This burns lignite coal with low calorific value, high ash and high moisture content. A
representative batch of FA was collected and an indicative chemical composition of Megalopolis
FA and waste glass are presented in Table 1 (TEE 2000; British_Glass 2007).

Table 1. Chemical composition range of Megalopolis fly ash and waste glass

CHEMICAL .

COMPOSITION SiO, A|203 CaO Fe,03 MgO K,0 Na,O SO,
MEGALOPOLISFA  47-52 12-22 5-15 5-10 15-30 15-3.0 0.3-0.7 3-5
WASTE GLASS 70-74 1-3 5-11 - 1-3 - 12-16 -

Major crystalline phases present in < 150 um sieved Megalopolis FA were determined by x-ray
diffraction (XRD, Philips P1830 diffractometer system using Cu K, radiation). The main
crystalline phases identified were quartz (SiO,), gehlenite (Ca,Al,SiO;), anorthite (Ca,Al,SiOg),
anhydrite (CaS0Q,), hematite (Fe,03) and calcite (CaCO3). These minerals have previously been
reported as major constituents in Megalopolis FA (Sakorafa et al. 1996). SEM analysis (JEOL
JSM-5610LV) of < 150um particles of Megalopolis FA showed that it consists of irregularly
shaped, roughly spherical particles of various sizes. Spherical particles are in the form of
plerospheres (hollow particles filled with smaller particles or microspheres), cenospheres (hollow
particles) and fine spherical particles of < 5um also exist. Individual particles are often
agglomerates of smaller particles and irregular shaped particles appear to be incompletely
combusted carbonaceous material.

Glass cullet was milled for 20 seconds in 100g batches to produce a fine powder in a Gy-Ro Mill®
(Glen Creston Limited). Batches were thoroughly mixed to form a homogenous sample that was
used in all experiments.

Less than 150 um FA was thoroughly mixed with different amounts (0-40 wt%) of glass powder.
An organic binder (1 wt% of Alcotac CB6, Ciba Speciality Chemicals) and 30% w/v water were
added to produce a mix consistency that could be readily formed into roughly spherical 8 to 10mm
diameter pellets. These were dried overnight at room temperature and sintered by rapidly passing
them through an electric rotary tube furnace (Carbolite).

The dry density, water absorption and porosity of the sintered aggregate pellets was determined by
Archimedes principle. The compressive strength of individual pellets was determined by loading
individual pellets between two parallel plates and loading to fracture at P.. The tensile strength (S)
was calculate by Hiramatsu’s formula (Hiramatsu 1965). Five pellets were tested for each test
condition to minimise statistical error. Crushed samples were ground to < 150 um and the



crystalline phases determined by XRD and fracture surfaces of samples were examined by
scanning electron microscopy (JEOL JSM-5610LV). Moreover, commercial lightweight aggregates
(Lytag, Optiroc and Aardelite) were also tested for the same properties.

3 RESULTS

3.1 Sintered pellets physical properties

The effect of glass addition on fired density, water absorption and pellet strength is shown in
Figures 1a and b, for samples sintered at 1100 and 1120 °C. Comparative data for commercial
lightweight aggregates are also presented in Table 2. Glass provides soda (Na,0), lime (CaO) and
silica (SiO,) to the mix composition and lowers the sintering temperature, resulting in increased
density, reduced water absorption and increased compressive strength.

Table 2. Density, water absorption and porosity values for commercial LWA

COMMERCIAL DENSI;I'Y ABg\(/)AI\Q-II—DETITON STRENGTH

PRODUCTS (g/cm?) (MPa)
(%)

Lytag 1.34 17.55 6.33

Aardelite <1 32.93 0.85

Optiroc <1 6.97 0.62

Figure 1a. Effect of glass content on the density and water adsorption of FA pellets sintered at 1100
and 1120°C
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Figure 1b. Effect of glass content on the strength of FA pellets sintered at 1100 and 1120°C
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Figures 2a and b, show the effect of sintering temperature on fired density, water absorption and
strength for FA with 20% and 40% glass additions. The densities are fairly constant at
approximately 1.07 g/cm?® for both sets of samples. This is lower than the density of Lytag but
higher than other commercial lightweight aggregates such as Aardelite and Optiroc.

Figure 2a. Effect of sintering temperature on the density and water adsorption of 80/20 and 60/40
FA/glass mixes.
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Figure 2b. Effect of sintering temperature on the strength of 80/20 and 60/40 FA/glass mixes.
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Samples containing 80% FA and 20% waste glass have high water absorption compared to the
commercial products that were tested, with water absorption values between 34.4 and 38.2%.
Samples, containing 60% FA and 40% glass, sintered at 1120 °C have lower water absorption
values (16.4%). This value is lower than Lytag and Aardelite lightweight aggregates (LWA). The
strength obtained for sintered aggregate (60% FA and 40% waste glass, fired at 1120°C) is
comparable (~7MPa) with Lytag aggregate strength and higher than Aardelite and Optiroc.
Strength of FA/glass LWA aggregates increased with increasing sintering temperature.

3.2 Mineralogy and microstructure of sintered fly ash/glass

XRD data obtained from the outer part of the 60% FA and 40% waste glass sample fired at 1120 °C
(Fig. 3 (a)), revealed that the material consists of a complex composition with albite, hematite,
moissanite-3H, dolomite, ferroan and calcium as the major crystalline phases including minor
phases such as quartz, rutile and graphite. A marked reduction in the quartz peak and the complete
disappearance of calcite and plagioglace minerals that are present in the as-received FA occurs on
sintering at 1120 °C. The centre of the same sample, displayed a black coring effect and the major
crystalline phases identified were diopside, wollastonite-1A, augite, cristoballite and albite, calcian.
Moreover, the data shows the presence of significant amorphous glass as indicated by a hump
around 30°.

Figure 4 shows SEM micrographs of material containing 40% waste glass sintered at 1120 °C. The
fracture surface of the sintered material shows a dense matrix containing some isolated,
approximately spherical pores that are typically 10 to 50 um in diameter. The formation of closed
pores occurs when the gases from the inorganic decomposition are trapped in the viscous glass.



Figure 3. XRD analysis of samples containing 60% FA and 40% glass sintered at 1120°C: (a) edge
of sample, (b) centre of sample
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Figure 4. SEM images of samples containing 60% FA and 40% glass sintered at 1120°C: (a) edge
of sample, (b) centre of sample

(b)

4 DISCUSSION

Individual lightweight aggregate pellets should ideally have a strong but low density, porous,
sintered ceramic core, a dense continuous surface layer to inhibit ingress of water that should be
pozzolanic to produce a strong aggregate-cement bond in concrete, a near-spherical shape to
improve fresh concrete properties (Cheeseman and Virdi 2005). The results obtained from this
study are promising, as sintered FA/waste glass pellets can be produced with key properties such as
density, water absorption and compressive strength similar or greater than those of commercially
available lightweight aggregate products such as Lytag, Aardelite and Optiroc. The properties
depend on the sintering temperature, waste glass content and processing conditions. The production
of low density, low water absorption and high strength sintered pellets is feasible using simple
processing methods involving pelletising and low temperature sintering. In particular, 60% FA and
40% waste glass could be sintered to give pellets with appropriate properties for use as lightweight
aggregate over a relatively wide range of temperatures. The microstructure of optimum 60% FA
and 40% waste glass lightweight aggregates contains isolated spherical voids formed by the
evolution of gas at temperatures where the glassy phase has low viscosity. The sintering
temperature required to produce lightweight aggregates from FA and waste glass between 1080 and
1120°C.



Further work is required to fully characterise sintered FA and waste glass aggregates and further
reduce the sintering temperature. The effect of variations in the chemical composition of FA on
sintered properties also needs investigating. The overall economic viability of lightweight
aggregate production from FA depends on many factors. The experimental results reported
combined with the amounts of FA and glass available, changes in legislation and increasing costs
of landfill, suggest that the manufacture of high quality lightweight aggregates from FA and
collected recycled glass represents a viable beneficial reuse application for these two problematic
waste materials.

5 CONCLUSIONS

Lightweight aggregates can be produced at relatively low firing temperature by blending and
pelletising FA and waste glass. The glass lowers the firing temperature and improves the physical
and mechanical properties of the sintered lightweight aggregate product. Sintering 60% FA -40%
waste glass blends at 1120 °C produced pellets with a mean density of 1.35g/cm®, water absorption
of ~16% and crushing strength of 7.36 MPa. The center and the edge of sintered pellets had
different micro-structures with different crystalline phases present. The major crystalline phases in
the centre were wollastonite and diopside whereas at the edge the major crystalline phases were
moissanite, albite and hematite. There is significant potential to manufacture high quality
lightweight aggregate from Megalopolis FA and glass that are currently disposed of either to
landfill or old mines.
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HEPIAHYH: XtV mapodoa epyacio peietdtor  aglomoinon g vypne TEQPOG TOL TPOEPYETOL
amo tov Tubuéva Tov AgfNTev Kavong Atyvitn tov AHXE. Méypt otiypnig to peyoAdTEPO TOGOGTO
g vypng téepag (YT) dev alomoteitan oe kdmowo Plopnyaviky €QApUoyn otV YOPO KOG,
AvtiBétog, mtaykoopiong n YT Pplokel apketéc epappoyéc pe evoektikd medio aglomoinong avtd
g 0domouog, TNG AVIIPPLTAVTIKNG TEXVOAOYING VOATOV Kol TNG Tapaywyng okvpodépatos. H
TaPOoVGO, UEAETT) AOYOAEITAL, GE TPOKOTAPTIKO GTAS10, UE TN SLVATOTNTA XPNONG TOV EAANVIKDV
VYPOV TEPPOV MG: 1) CLOTATIKO PaAPIVaG Yo Tapay®y KAMVKEP Toévtov Kot i) Toloiovikd VKO
Yo TNV TOpOyyn cuvleTOv cvuoTUdTeV Tolévtov. [lpoxvntel 6Tt ot YT kot 10ig avtég g
MeyaldmoAng apevog pev £xovv ToloAaVIKY GUUTEPLPOPE Kol LTopovV va TpocTeholv Emg KAmO10
TOGOCTO OTO. GVUVOETO. TOEVTA, OQPETEPOV UTOPOLV EMioNG £m0C €va OPlKO TOCOGTO Vo
OVTIKOTAGTHGOVV TIG TPATES VAEG KOl VO OMGOLYV KAIVKEP 0T0dEKTNC TOIOTNTOC.
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ABSTRACT: In this study, the utilization of bottom ash (BA) from lignite-fired power plants is
studied. So far in Greece most of the amount produced is used for filling worked-out opencast
lignite mines since there is no industrial application for BAs. Nevertheless, it is concluded that
various different utilities of bottom ash worldwide are met. Some fields of its utilization are
referred, such as road construction, antipollution technology of water, and concrete fabrication.
This study deals, in a preliminary stage, with the possibility of utilization of Greek BAs as i) raw
materials in the cement raw meal for clinker production and ii) pozzolanic materials for the
production of blended cement. The first conclusion of the study is that BAs, and especially those
from Megalopoli, have pozzolanic behavior and can be used as supplementary cementing materials,
as well as raw materials giving clinker of acceptable quality.



1. EIZATQI'H

H vypn téeppa (YT) givar o Prounyavikd mopampoiov tov AHE mov mpokdmtel katd Ty Koo
OTOV KATTO0, avOPYOvVe OPUKTE GUGTOTIKE TOV KOVGIHOL THKOVTOL, CUGCOUOTOVOVTOL Kol HEGM TNG
Bapdtrag katoinyovv otov mubuéva tov AéPnta. Amd exel cuAAEyeTan M VYPN TEPPA M TEQPPA
mobpéva 1 omolo EYEL TAPOUOLD, YNUIKT GOGTACT LE TNV WWTAUEVT TEQPX, dNANOT TEPIEXEL KUPIMG
oeida Tov moupttriov, TOL GONPOL, TOL apyiov Kot Tov acPectiov. Ot YT Srapopomorovvron
éviova HETOED TOVG OGOV aQOPE OTn MUK Kol OPUKTOAOYIKT) TOLG GVOTOOT KOL O KOPLOG
TOPAYOVTAG TOL EMNPEALEL TA YUPUKTNPLOTIKA TOVG EIVOL TO KOVGILO G0 TO OTOI0 TPOEPYOVTOL.
YXmv EALGda mapdyovror Ayvitikég YT, 10 KOPLO YOPOKTINPLIOTIKO TV OTolMV &ival To LYNAO
moc0oto og CaO.

2 y®@po. HoG EKTIHATOL 0TL eTnoimg mapdyovtat tepimov 700.000 tévol YT ot omoiol 6To chHVOAD
Tovg amoppoemvtal omd v AEH &ite yio eny@UOTOCEIS KOl 0TOKATOCTACEL TAANIDY OPLYEI®V
g AEH (70%) €lte yuo yevika pnyavikd yepiopoto Kot @G VAKO TAP®oNG G€ O0MKES EQOPHOYEG
(25%), (Ecoba Working Group, 2007). TIpok0mTeEl ETOUEVMG TO GUUTEPACUN OTL TO UEYOAVTEPO
m0G600T0 NG mocdtrTag YT mov mapdyetor emotpépel 610 TEPPAALOV yopiG Kapio KaTepyasio
Kol 6t dev vrapyel alonoinon g YT eite otov Topén TOV SOUIKDY DAIKGV 1| 0 KATO0 GAAN
Bounyoavikn epapuoyn. XN cuvéyeld Topovolalovtal e Uopen Guvtouns PiPAoypoaikng
avaoKOmN oG eVOEIKTIKEG Yproelg Twv YT oto eEmtepiko.

1.1. Biprioypopixn avockornon twv ypnoewv e YT

O Paocwodtepoc Topéag altomoinomng vypav teppdv, otov onoio Ppiokovv epoppoyn otig HIIA
aAAG KoL o€ ddpopeg evpomaikég ympec (OAlavdia, Aavia) eivor o Topéag g odomotiag. Ot YT
€yovv ypnoiponomfel emMTLYMG ®G GLOTOTIKA TG 0domouag divovtag KOAL OTOTEAECUOTO,
(http://www.tfhrc.gov).

Yuykekpléva £xouV ypnoLoTotnoet:

® Q¢ 0dpavN 6TO CKVPOSEUN AGPAATOV GE GLVOVAGUO e AL, adpavn. [a ) ypon avtn YT
umopel vo, ypnowomombel wg €xel, ywpig kauio dwdikacio gldttong peyébovg, pe povn
npobmdOecn va Unv mEPIEYEL EVOGELS TOV GLONPOV.

e Q¢ Aemtoxokka adpavi otn Pdon odootpdpatog. Mo ) ypion avthy omouteital GAeom Kot
KOGKIVIGUO TNG TEPPOC Y10 OTOUAKPVVGT] TV YOVOPOKOKK®V.

eXe uiypo pe TOWEVTOEWN VAKA (towwévto ITldpthoavi, okwpio kapivov, mwoloAdveg e
gvepyonomtéc) wg otafepomomtég Paong. o ™ ypron ot amouteital dieon Kabaog kot €va
Béltioto moc0oTod VYpaciag (12-24%).

® Q¢ adpavn 6T0 PEVOTA YEUIGHOTA.

Axoun éyovv ypnopomombei Kot 6 GALES EQPUPHOYES GTOV TOUEN TMV SOUIKDY VAIKOV, OTMG;:


http://www.tfhrc.gov/

® Q¢ adpavég oe KVPOABOVE oKVPOJEUNTOC, GE UEYAAO TOG0oTd. Agv ypeldlovtal J1adtKucieg
eMdtToong peyéBoug Yoo auTAV TNV EQAPUOYN, EV® TO OKLPOSEUE 7OV TPOKLATEL EXEL
BeAtiopéves avtoyég Adym TV VIpaLAMKOV 110t TOV TG TEPpag (Aggarwal et al., 2007).

o Q¢ moloAaviKd VAKE 1OV avTIKaO1GTOOV HEPOC TOV KAIVKEP GTNV TEAIKN GAEST TOL TolpévTov. Ot
YT npénet vo. otepgomomBovv ya owtv ) yprion (Demirda et al., 1999).

® Q¢ adpavr| o€ aepaKTIKO GKLUPOOELM, OTTOV YIVETOL XPNOY| TOV WOITEP®V YOPOKTNPIGTIKMY TNG
TEPPoS (UKo €1d1kd Bdpog, peydrho mopmdeg). Kat og avtiv v epappoyn ot YT aviwadictovv
ueydio uépog g dupov, (Topeu et al., 2007).

EmmpocBétmg o1 oloéva avotnpotepol TePIPaAAoVTIKOl KOVOVIGUOL, £Y0VV OMOTEAEGEL EVOVOUO

Yo T MEAETN NG YPNomg g AMyviTikng YT oTov TOUEN TNG OVIIPPUTOVTIKNG TEYXVOAOYING. Ze

avt TV katebBvvon ot Myvitikég YT cuyvd xpnoonolodviol o amoppoenTikd VAKE d1opopov

E0MV PLTAVIDOV, OPYOVIKOV KOl OVOPYOV®OV, EIOIKA GTNV OVTIIPPLITOVTIKT TEXVOAOYIK TOL VEPO.

ITo ovykexpipéva:

o’Exel peremnBel 1 duvatdmTo KATOKPATNONG POGPOPIK®OV 1OVI®V amd vOUTIKE SoADHOTO €K
UEPOVG TV AYVITIKOV YT, kaOd¢ Kol GuoyETIoN OVTAG TS OLVATOTNTOC LE TIC QLGIKES KOl
ANUIKES 1010TNTEG TOoLG. [dwitepn onuacio éxel n depedvnorn Tov UNXOVIGHOD OV JIETEL TN
depyaocio amoppoENoNs TV pooPopikmv vtV (Yan et al., 2007).

o’Exouv ypnowomoindel extetapuéva yuoo TNV OTOUAKPUVGY SOQOPETIKOV €0V Bapdv omd
vouTkd dStwdvpata. H dvvatdtnto mpocpoepnong tav Baedv avtdv omd Tic YT dev eoptdtol
HOVO amd TNV TOPMOIN EMPAVELNKT] TOVG dopn, aAAG Kot ard ) ynkn Tovg doun (Dincer et al.,
2007a). Tapdpetpor mov emnpedlovv givai: o xpdvog emaeng Tov YT pe tig fagés, to pH tov
SADHOTOG, KO 1) 0pYIKT) GLYKEVTPp®OT TOV Baedv oto vdatikd didivpo (Dincer et al., 2007b).

e 'Eyel pedetBei n dvvatotnto mov €xovv ot YT va Tpoopo@ohv opyavikolg pumavieg omd
VOOTIKE AVpOT, OTMG 0d ADUATO TOV TPOKVTTOVV ol SlEPYCIEg TAPAYWOYNHG YAPTIOV KOl KOK.
H ghdtroon tov peyébovg tov copatdiov g YT 0dnyel o amoTeAeGHOTIKOTEPT) TPOGPOPT O
TV gV AOY® opyavikdv purtavtdv (Sun et al., 2008).

Mio axopa evolagépovoa ypnon tov Ayvitikdv YT gival otov Topéa tov Mmocudtov. Adym g
TOPDOOVG SOUNG TOVG KOl TG CNUAVTIKNG OLOTEPOUTOTNTAS TOVS, UTOPOVV SUVITIKA VO LETOPEPOVV
Opentikd GLOTATIKG GTO PLTA, KOl PE QVTO TOV TPOTO VA PEATIOGOVY TNV TTOLOTNTO TOL £6APOVE
o010 omoio mpocBitoviar. Qg ek TOVTOL, &Yovv ypnowomomndel ®g @opeic POoEOPOVL oF
KOAMEPYEIEG PUTAOV APOV TPOTNYOVUEVMG €YOVV VAOGTEL TNV KATAAANAN KoTEPYNsios OOTE Va
amoppPoPrcovy oV gV AoY® pmceopo (Junfeng et al., 2008).

v mopodoo perétn Oiepevvdrtar M mwpooOnkn g YT oe dVo dlopopetikd oTAdI0 NG
TOPOUYOYIKNG dladKaciog Tov ToévTon, OmmG eivat 1) 1 ohvBesT TG Papivag TGIUEVTOL KOl W) M
TEAIKN GAeom Tov Toluévtov. Meletdtor dNAadn, 68 TPOKATUPTIKO GTASI0, 1| dSuvATOTNTO XPAOTG
YT om Bounyoavio, Toluévion gite O¢ TPMTNG VANG Y10 TOPAcKELT KAvkep gite g moloAavikoh
VAKOV Yo TopackeLT| Tolpéviov tomov CEM I



2. TIEIPAMATIKO MEPOZXZ

Anoednkav YT and tpeig AHE (Meyordmoing, Mehitng ko Iltolepaidag), pe emdimén v katd
70 duVaTOHV SPOPOTOINGT TOVG GTA KVPLL YOPAKTTPLOTIKA TOVG.

2 ovvéxeln M oepd TV TEPARITOV Yopiommke oe oo pépn. o v depgvvnon g
dvvatotntog xprone YT ¢ tpdtov vAmY £yive 1 ohvleon tov eapvav (ue YT Meyoddmoing Kot
Melitng) Kot 1 EYnoT TV POPIVAOV TOV CUUTATPMVETAL OO TNV OVTIGTOLYN UEAETT) EYNOIUOTNTAS,
A&iler €0 vo onueiwBel O6t1 6e ovtv TV oepd mepopdtov dev ypnowomombnke n YT
[NtoAepaidag kabdcov gupdvioe moAd vyniég tuég LOI ko og mpokoTapTikés eynoelg €dg1ée
amocdfpmon TV TPOKLATOVI®V KAvkep. T v pedétn g moloiavikng dpdong twv YT &ywve 0
ovvbeon tov ocvvbetov cvotnudtov toéviov pe touévto CEMI 42 5N kor YT oe didpopa
TOGOGTO VTOKOTAGTOCNC KOl GTN] GUVEYELD TPAYLOTOTOWONKE TPOGOIOPIcUOE TOV OMTTIKOV
AVTOYMV KoL LEAETN EVUIATOONG.

2.1. Xaparxtnpiouog vypav teppwv

Xpnowonomnkov YT kot omd toug tpeig AHZ, n ynukr| avdivon tov onolov @aivetol otov
wivaxo 1 wov akoiovbei. Daivetar apykd n dopoporoinon tov Tpidv YT, €01kd 0cov apopd
otov Adyo CaO/SiO,, o omoiog kvpaiveton amd 0,14 yia tqv YT Mekitng émg 0,85 yioo v YT
[toAepaidag, ev yw v YT Meyodhomoing o Adyog eivon 0,59. T tig YT dev vmdpyet
GLYKEKPIUEVT] KOTIYOPLOTOINGT OTTMG 1oYVEL Yo TIG IMTAUEVES TEPPES OOV ival YvwGTO 0TL OTOV
CaO/SiO, < 0,3 1 Ca0 < 10% ot téppeg yoapaktnpiloviar ®g youniod acPectiov 1
apyomuprtikée. 'Etor, epapudlovtag to mopamdveo kpitnpo kor yoo g YT, TpokOmTeL TO
ovumépacua 60Tt ot YT Meyoaromoing ko Itorepaidog pmopodv va yopakInplotovy, mg vynioh
acPeotiov N acPeoctovyec, evd n YT Mekitng og xouniod aoPectiov 1 apylAOTLPITIKY.

[Tivakog 1. Xnuikn avdivon vypmdv Teppmv

% OE&gidlo YT MegyoAdmoing YT Mehitng YT Itolepaidog
SiO, 41,69 48,63 19,52
Al,O3 14,07 21,62 11,30
Fe,0s 8,47 7,29 2,66
CaO 24,56 6,83 16,62
MgO 4,10 2,75 2,43
K,0 1,79 2,97 0,53
SO; 4,31 2,78 2,89
LOI 7,55 5,34 43,8

O yopoktnpiopog v YT olokAnpmdbnke pe opuktoloyikn avdivon pe v uébodo mepibioong
axtivov X (XRD) kot pe Beppuxn fapvtopetpikn avarvon pe Oepuoloyo (TG-DTG). Ocov apopd
NV 0pLKTOAOYIKY ovotacn tov YT, 6Aec mepiéyovv yoralio (Si0,), or YT Meyaidmoing Kot
Mehitng nepiéyovy awpoatitn (Fe,03) kat 0&gidio tov arovpwviov (AlOz) evd oty TtepinTwon Tov
acPeotiov vdpyel dwapopomoinon kabdcov 1 YT Meyohomoing nepiéyel o&eido tov acPectiov



(Ca0), 1 YT Mehitng mepiéyer apayovitn (CaCOjz) ot dorouitn (CaMg(COs),) ko n YT
MMtolepaidag mepieysl acPeotitn (CaCOj). Me tig petprosis oto Begppolvyd emPePfoudbnke n
napovcio CaCO; og OAa Ta SElYLLOTO TOV TEPPDV.

AxoiovOnoe Enpavon Kot dheon oty emBounty Aentdotnto (vmdrswpa 15% oto kdokivo TV
90um) kot Twv tpwv YT.

2.2. 2ovBeson popivav

lNa v ovvbeon TtV  @opwVOV  YPNCILOTOMNONKAY Ol  QUOIKEC TPAOTEG VAEC TNG

totpevtoflopnyaviag. O vroAoyiopdg g chiveong Tv 600 papvav Tov tepéxovv YT kabog kot
piag eapivog avagopdg Eywve pe Bacm tovg deikteg mov vroloyilovtotl amod Tig oyécelg 1-4.

LSF=C/(2,85+1,18A+0,65F) = 0,96 N
SM=S/(A+F) =23 )
AM=A/F =17 (3)
HM=C/(S+A+F) =216 (4)

omov C, S, A ko F o1 % mepiextikdmeg twv CaO, SiO,, Al,Os kot Fe,Os avtiotorya ot gapiva.
Me v mpododeon va £X0uV 01 SEIKTEG TIG CLYKEKPIUEVES TIUEG TTOVL QaivovTol oTic eElomoelg, 1-4
mapdyOnkoav ol cuvhicelg Papvav pe T0 PEYISTO duVOTO TOG0GTO VIToKatdotaons omd YT. Ot

GLVOEGELG TOL TPOEKLY OV PAIVOVTOL GTOV TIVOKA 2.

[Mivaxag 2. XvvBéoetg papvav (%oK.f. TV ETPEPOVS TPATMV VADV)

IIpodTn VAN Doapiva avapopdc (1\);[122/;6};2;] z QQEZ\;Z;&YT
AocBeotdéhbog 70,6 68,9 75,0
Yyilotng 25,6 0,2 -
Epv0pd IAvg 0,6 - -
Boéitng 3,2 0,4 -
IMoprtikn Appog - 3,5 6,0
Kolopiva - - 0,9
Yypn Téppa - 27,0 18,1

2.3. Eynon poprvaov — Meréty eynouotnrog

Ot tpeig papiveg mov mapdydnkoav yhRdnkav oe éva gvpog Beprokpacidv amnd tovg 1000 °C o
toug 1450 °C kot axoroOdnce 0 TPOGSIOPIGUOC TNG TEPIEKTIKOTNTAS TMV TPOIOVIOV £Ynone oe
elevBépa doPecto (fCa0). Ta amoteréouata gaivovial 6tov mivaka 3.



[Mivaxag 3. Mepektikdmto % K.p. Tov npoioviov éynong fCaO

Yuvbécerg @apivag Ozpuokpusia (*C)

1450 1400 1350 1300 1200 1100 1000
Dapiva ovapopdg 1,13 1,72 4,88 10,05 31,34 39,25 41,77
Dopiva pe YT Meyardmoing 0,93 1,69 6,52 10,23 20,57 38,92 36,88
Dopiva pe YT Mekitng 1,19 1,97 6,87 12,61 27,08 41,79 34,92

Me Baon ta topandve aroteléopata £ywve 1 e€aymyn Tov deiktov eynopotntog BCy ko BC,. H
HEAETN eynodTNTOG OAoKANpdONKe pe Beppuxn] Papvtopetpikny avdivon oe Beppoluyd (TG-
SDTA) mov éywve yuo k0B papiva pe oKOTO VoL TPOGOIOPIGTEL TO TOGOGTO TOV ATOOEGUEVOUEVOD
CO; xotd Vv éynon g kdBe gapivac kabmg kot 1 % K.f. TEPLEKTIKOTNTA TOV QOPIVAOV GE
CaCO;. Ta amoteréopota Tov TPOEKLYAY ERPavifovtol 6Tov Tivaka 4.

[Mivaxog 4. Asikteg eynoottog tov eopvav, mocootd CaCO; ka CO, otig gopiveg kot
Beppokpootoko peak g dudomacng tov CaCO3

, . Twiég derctdv eynodmrog %K.J. %K.p.  Oepuokpacloko
Yuvbécelg @apivag

BC, BC, Cco, CaCO;:, peak(°C)
Dopiva avapopdg 2,48 22,35 33,25 75,57 829,26
Ddopiva Meyoromoing 2,71 23,63 31,81 72,30 817,66
Ddoapiva Mehitng 2,42 25,99 33,71 76,62 824,07

€ YEVIKEC YPOUUEG TPOKVTTEL MG GLUTEPAGHLO OTL KOTA KOPLo Adyo M popiva pe YT Meyahdmoing
eupavifel KOADTEPN OCULUTEPLPOPA EYNCIUOTNTOG OO TNV Qopive avaeopdg, evd To 10w
ocvumepdopate ogv pumopovv va egayBovv yia v eopiva pe YT Melitng. Zvykekpiuéva, 6cov
aQOpd. TO UEYOADTEPO WEPOC TOL €DPOVG TV Oepuokpacidv, N eapiva pe YT Meyaddmoing
TEPIEYEL UKPOTEPA TOGOGTE eAEVOEPAC aoPEcTOV Ad TNV Papiva avapopds, eved 1 eapive pe YT
MeAitne peyaAvtepa. ‘Etotl, Aoywd mpokvmtel o dgiktng BC; peyadvtepog yioo v oapiva
Meyaddmoing kot pikpdtepog Yo v eopiva Meritng. Ta idio cupmepdopato TPOKHTTOVY Kot
amo v Oepuikn PaputopeTpikn aviivon oto Beppoluyo, 6mov N eapiva Meyaidmoing eppavilet
KkpoTEPO. Toc00Th meplektikotNTog o CO, ko CaCO; kat younAdtepo Beprokpactokod peak amod
v eapiva avaeopds Kot v eopiva MeAitng.

Ta woapomTdved GLUTEPACUATE TPOKVTTOVY KOl AOYIKE 0md T0 yeyovog 0Tl 6TIG cLVOECELS Papivoag
nwov mpoékvyoay (kep.2.2) n YT MeyodomoAng aviikabiotd éva 1oc6ootd Tov acPeotorbov (cg
oyxéon ue ™ Qapiva avaeopds), evd yo vo enttevydel To PEYIOTO TOCOGTO VITOKOTAGTUCNG TOV
TpOTOV VAGV and YT MeAitng omv aviictoyn o@apiva, £npene 10 mocootd acfectorifov va
avéndei and 70% oe 75%.

Yvvovyilovtag, umopei vo e€aybei to yevikd ocvopnépacpo 0t 1 acPfeotodyog YT (Meyarodomoing)
£0W0E KOADTEPO OTOTEAEGLOTO MG GVOTOTIKO TNG Qapivag o€ oyéon pe v apylromvprtikn YT
(Mehitng).



2.4. 20vBson pyndTwy ToLUEVTOD KOl TPOGOLOPIoUOS OMTTIKWV OVTOYXWV KOl UEAETH EVDOATWONS

Mo v depedvnon g moloAavikng dpdong tov YT mov peAetdviol oty mapodco EPYOcio
ocuvténkayv evvéa (9) piypato ocvvletov toyévtov. Ta piypota avtd frav tpio yio kébe téppa
(Meyodomoing, Melitng kou [Itolepaidan) oe drapopetikd mocootd vrokatdotoaong (10%, 20%
kot 30%) oto toévro Portland CEMI 425N kabmg kot évo Toévto avapopds To 0moio 1Ty
eniong Portland CEMI 42,5N.

Mo to 10 towévta Tpaypatonodnke Tpocdlopiopdc OMATIKOY avToy®V Kol T0 OTOTEAEGLOTO
(1600 o€ amoOIvTEG, OGO KOl G OYETIKEG TWEG, Ue Pdorm to deiypa avagopds) gaivoviol 6tov
wivaxo 5. Xto Zynua 1, A0, TPOKEWEVOD VO EpUNVEVOODV TO, OTOTEAECUATA, TOPOVGLALOVTOL
EVOEIKTIKGL TO. OKTWVOOLOYPAUUOTO TMOV TOCTAOV TOWEVIOL avopopds, Meyoaldmoing Ko
INtoAepaidag Hetd TV SLOKOTN TN EVLOATWOOTG TOVG OTIC 28 NUEPES.

[Tivaxag 5. 'EAeyyog avioxdv cvuvletwv cuotnudtov Toipuéviov o amoivteg Tipég (MPa) kot oe
oyéon He 1o Toévto avapopds (100)

’ ’ ’ Hlucla

20vBeTo iy ToEveaD Inuépa 2 nuépeg 7 nuépes 28 nuépes 90 nuépes

Avagopd 13,0 (100)  22,5(100) 37,5(100) 53,0 (100) 63,0 (100)
10% Meyohdmorn 7,9 (61) 16,5 (73) 29,9 (80) 49,4 (93)  58,2(92,4)
20% Meyohomoln 7,6 (58) 15,4 (68) 27,9 (74) 451 (85) 55,1 (87,5)
30% MeyalomoAn 6,9 (53) 14,3 (64) 25,2 (67) 421(79)  525(83,3)
10% Mehitn 7,4 (57) 15,9 (71) 30,0 (80) 48,7(92) 56,2 (89,2)
20% Mehit 7,4 (57) 14,6 (65) 29,3 (88) 48,3(91) 56,9 (90,3)
30% Mehim 7,4 (57) 14,1 (63) 27,0 (72) 444 (84)  57,8(91,7)
10% ITrokepaido 9,0 (69) 18,8 (84) 33,9 (90) 51,4 (97) 56,0 (88,9)
20% Itoepaidor 8,1 (62) 16,7 (74) 32,5 (87) 48,7(92)  57,3(90,1)
30% ITtokepoido 7,4 (57) 15,1 (67) 28,2 (75) 44,8 (85) 53,3 (84,6)

Apyikog amd to oyfue 1, 6Tov Tapovstdloviol To OKTIVOSIOYPALIOTH TOV TACTOV TCUEVTOD TOV
omoiv €xel dwokomel M evvdatmon oTic 28 MUEPEC, TIGTOMOLEITAL O OYNUOATIOUOS OA®V TV
TPOPAETOUEVOV PACEMV Kot pio oXedOV TANTION TOV SloypappdTov Tov taotdv pue YT ot oyéon
HE OTN TOV TOUEVTOV OVOPOPAEG.

Ao MV peEAETN TV omoTeEAeoUATOV (TTivoKOG 5) TPOKOATOLY YPNOIUE GUUTEPACUOATE TOGO MG
PO TIC OamOALTEG TIHEG TOV OvVIOY®V (Kol 10i0C OTIC TOCOOTINNEG HOVADdES TOL OVTEG
VTOAEITOVIOVGOV TOV TOIUEVTIOV OVAPOPAS) OG0 Kol MG TPOG TOV pLOUO UeTABOANG TOVG UE TOV
¥POVO. AVOALTIKOTEP TPOKVTTEL OTL:

o [lapoleg TG HUEIWUEVEG TILEG OVTOYDV GE GYECT UE TO TOIUEVTIO OVOPOPAG, 1 OVTIKOTAGTOON
(axopa kol og 30%) oxedov o Ohec Tic YT 001 ynoe og TIHES avtoydv, otnv nikio tov 28
nuepdv, peyokitepes v 42,5N/mm? mov givat 1) OVORAOTIKH avToyf TOL TOEVTOV OVOPOPAC.
H moapatipnon avt) odnyel oto evBappuviikd cvunépacpa 6Tt Oa mpéner va digpgvuvnbei



wepotépm 1 dvvototnta ¥pnong YT yia toipévia katnyopiog 32,5 Kol g €101KEG TEPIMTMOELS
EQOPULOYNG LEIWUEVOV OTALTHCEDV

e H otodwkn adénon Tov TOCOGTOV OVTIKOTAGTOONG TOL Tolwéviov pe YT odnyel oe
OVOEVOUEVT] LEIDOT] TOV OVTOYMV GE GYEOT] UE TO OELYLO OVOIPOPAG OTIG LKPEG NAkieg (UEypt
KoL 28 NUEPEGS).

o Q¢ wpog Tov pLOUO aVATTLENC TOV AVTOXDY EVD PEXPL TNV NAIKio TOV 28 NUEPOV TopaTnpeiTal
pio oxetikn mocooTiaio avénon 6g Ol T0 TOGOCTH AVTIKOTAGTUCNS OAMV TOV TEPPMV, Y10 TO
Swwotnpua 28-90 nuépeg mapatnpeiton pio avéoyeon g avénong mov cuveyiletal povo yia to
peyoAvtepa TocooTd avtikatdotaons. H mapatripnon avtn epunvedetar 6 GLVOLAGUO UE TO
YEYOVOG OTL TNV KOADTEPT] CLUUTEPIPOPH 6TO ddcTtnue 28-90 nuepmv diver n YT Meyarhomoing
Kol Bo pénetl va amodobel 6To avapevVOIEVO HEYAADTEPO EVEPYO TTLPITIO TNG TEPPAG AVTHG GTO
omoio amodidetal N Ppadeia. moloravikn avtidpaon.

e ‘Ewc tic 28 nuépeg mapatnpeitol pio erappd vrepoyn g té€epag [Itodepaidoag kot oto tpia
TOGOGTA AVTIKATAGTAOTG XWPIg Vo voTEPOLV aoBNTA Kot ot dAiec YT. H ewcodva avt paiveton
vo 0AMGCEL o peyoluTepeg NAKieg 0mov pe Pdon To PEXPL OTIYUNG OMOTEAEGHOTO OVOUEVETOL
otadlokn vrepoyn ™ YT Meyolomoing
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Melétn 110TTOV GLVOETOV VAIK®OV HETOAAMKNG UNTPAC AAOV VIOV
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2EOviké Kévipo Epevvac koa Teyvoloyikic Avamroéne / Ivetirotto Teyvoloyiac kau Epapuoycdy
Srepeayv Kowoiuwv (EKETA/ITEXK), 4° yhu ITroleuoidac-Mrodooaxeiov Nocoxousiov, 50200
ITroleuaioa

Aéeig kheroia: MMCS, orAnpotyta, intauevn téppo Atyvity, alovuivio

HEPIAHYH: Ot cbyypoveg Tao€1G GTOV TOUEN TNG OVATTLUENG TOV GUVBETOV VAIKAV, emPBdAlovv
TNV OKOVOWIKY] PEATIOTONOINGT] TOV OI0THTOV TOVES KOl TOV TPOGAVOTOAGUO TNG TOPOY®YIKNG
dwdkaciog Tovg oe depyaocieg pe Betikd mepParloviikd avtiktuomo. £T0 TAGICIO OVTOV TMV
EMOOEE®V AMOPOGIoTNKE 1] SlEPELYVNON TNG SLVOTATNTOS AEOTOINGNG TNG MMTAUEVNG TEQPPAG TOV
OTOOUOV TOPUYDYNG EVEPYELNG MG VAIKOD TANPMCNG OTNV TOPOy®YIKN dtadikacio Tov cuviétav
VMK®OV UETOAMKNG HUNTPOG KoBopod oAOLUIVIOL Kol KPOUAT®V OUTOV. XTNV Topodce HEAETH
mapocokevdonkay doxipa cuvBétov vikdv (Metal Matrix Comopsites, MMCs) pntpog
aAovuviov kol Kpauatog oiovpwviov-mopttiov (Al-12%Si) pe ypnom, ®¢ VAIKOL TANPOONC,
mrapevev 1eppav amd Tic meptoyés g Kapdidg (ITK) kot g Meyaiomoing (ITM). Ta telikd
dokipo mopackevdodnkoy pe T pEBOdO TNG KOVIOHETOAAOLPYIOG KOl Ol UTTAUEVES TEPPES
ovppetetyav oe owtd oe mocootd: 5%, 10% xar 15%. Katdmy, kot agod mponyovpévog eixe
gpeuvnbel n Oepuikn TOoVg cvumeplpopd ue dlagopikny Oepdouetpikn aviyvevon(DSC), ta
ovvleta mpoidvta yhnkav otovg 600°C yia 2 xau 6 ®dpeg. H mokvotta tov vAKGOV Kou M
orkAnpomta tovg (Vickers) peletnOnkav ce cvvaptnon He TO TOGOGTO TNG GLUUETOXNG TNG
mTapevng T€epag o€ awtd. Emiong, mpoodiopicOnkav 1 ynuiky Kol 0puKTOAOYIKY GUGTOCT| TMV
ouvOéTV VAIK®V, e TN yxpnomn g uebddov @bopicpod oktvav-X (XRF) kot g peboddov
nepibiaong axtivov-X (XRD) avtictoryo evd peEAeTNONKE 1 UIKPOOOUN TOLG HE MAEKTPOVIKO
pkpookomio capmons (SEM) . Ta odvBeta viud tov arovpviov yvopilovv nokiles epappoyEs,
TOPOUOLEG UE OVTEG TOV KaBapoh clovptvion, 660V apopd TIC SOUIKEG KATAGKEVEG.

Investigation of the properties of aluminum-based MMCs with
lignite fly ash as a filler material

Moutsatsou A., Itskos G.S., Koukouzas N. and VVounatsos P.

'Laboratory of Inorganic and Analytical Chemistry, School of Chemical Engineers NTUA, 9 Iroon
Polytechniou str. 157 73 Athens

“Centre for Research and Technology Hellas / Institute for Solid Fuels Technology and
Applications (CERTH/ISFTA), 4™ kim of Ptolemais-Bodosakion Hospital Road, GR-50200,
Ptolemais, Greece

ABSTRACT

Current trends towards the research field of composite materials necessitate their economical
advancement as well as the development of their manufacturing in a more environmental-friendly



way. In that frame, we decided to investigate the potential utilization of lignite fly ash as a
reinforcement material in the production process of pure aluminum (Al) and aluminum alloy-based
metal matrix composites (MMCs). In the present paper, two different lignite fly ashes (FAS)
originated from Kardia, Northern Greece (KFA, Class C) and from Megalopolis, Southern Greece
(MFA, Class F) were utilized for the fabrication of Al/fly ash Metal Matrix Composites.
Aluminum-fly ash and aluminum/silicon alloy (Al-12% Si)-fly ash mixtures containing 5%, 10%
and 15% wi/w fly ash were prepared and compacted. The products were tested for their thermal
behavior by the use of Differential Scanning Calorimetry (DSC) and sintered at 600°C for two (2h)
and six hours (6h). Density, hardness of the sintered compacts were determined as a function of
weight per cent of fly ash particles. The sintered compacts composites were evaluated in terms of
their chemical composition and structure by X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD)
and Scanning Electron Microscopy (SEM). Aluminum-based composite materials have potential
applications similar to those of pure aluminum in the field of constructions.

Key words: MMCs, hardness, lignite fly ash, aluminum

1 EIZAI'QI'H

H wtapevn téppa gival 10 avamdQevKTo TOpamTpoioyv TG EAANVIKNG AYVITIKAG NAEKTPOTOPAY®YNG
(Ttoxog 2006) pe v ethol0 TOPAYOYT TOVG Vo PBAveL Ta 13 exatoppudplo TOVOLS Kol T UETETELTA
aflomoinon tovg va pnv Eemepva ta emineda tov 15% wol vo a@opd OmOKAEGTIKE TN
totpevtoflopnyavia. XTig EAANVIKES TEQPES, E101KA oTIG vtova acPeotovyes g [tolepaidag ko
¢ Kapdidg (Class C xatd ASTM C 618) xvpapyovv evaooelg 6mmg: CaO-Al,0; CaO-SiO,,
4Ca0-Al,05SiO, (Toipag 2005).

YovBeta vAkd petodhkng untpag (Metal Matrix Composites, MMCs) ovopdlovtal o punyovikd
TOPUCKEVOGUEVO VAIKE T 07010, TPOEPYOVTOL ATTO TO GLVIVAGUO 0V 1 TEPICCOTEPOY VAIKMV, £V,
€K TV omoiwv gival pETaAlo. Qg amOTEAEGO TOV GLVOVAGHOD ALTOV TO GOVOETA VAIKA OTOKTOVV
gvioyvuévee 1010tNTec o€ oyéon pe to. kabopd pétardro. Tlapadeiypotog yaptv, sueoviovv
UEYOADTEPEC aVTOYEG Kol SuoKouyia (¢ cVVAPTNON TG TVKVOTNTAS TOVG), VYNAOTEPT OVTIGTACT
oe Bopd KOMMGEMG KOl AEITOVPYIKOTEPT) GUUTEPPOPA OE TEPLOYEG LYNAGDV Beplokpacidv
(xoumAotepoc AOYOG €pmUGHOD Kol oLVTEAESTNG Oeppukng doToAng). Mdahota, Ommg £xet
TPOKOYEL omd TANODPA UEAETOV, 1| TANPMOT UETOAMKNG UATPOS OAOVUIVIOUL UE AETTOKOKKO
KEPOUIKO VAKO (). wTdpevn T€epa), odnyel o€ 1oyvpn avénon e avticTaonS TMV VAIK®OV oTN
SuiPpwon, kaoTOVTOG To KOTAAANAG Yo ¥PNON TOUG OE HEYOAES OOMKEG KOTOOKELEG
(Kapayiavvng 2006, Rajan 2007, Sudarshan 2008). TTapoia To GUYKPLTIKG TAEOVEKTAUATE TOVG OE
oyxéon ue 1o kabapd pétorda, 1 xpNoT T@V GLVOETOY VAIKOV LETOAMKNG unTpag meptopiletar, gv
HEPEL, amd T0 VYNAO KOGTOG KOTOGKELTG TOVG. AvApeod, OU®S, 6To SAPOopo. VAIKA TANPOONG TNg
UATPOG To omoia €YoV, KOTd Kapovs, ypnoipomombei, pokpdy to eonvotepo elvar n wrTdpevn
TEQpa TV oTafudv Tapaywyng niektpikng evépyewog (Sudarshan 2008). Extoc amd to peydio
dopikd épya, ta cvuvleta VAIKA Tov odlovpviov Tapovstdalovy ektetapévn agloroinon 1060 6TV
avToKivnToflopnyavic. 0G0 KOl GTOV €UPVTEPO MAEKTPO-UNYOVOLOYIKO Blopnyavikd TOUEN ©G:
nepipAnpata (Kipwotiov, daoptkod, dpouéa oTPoPilov), TTLYMTE KUADUUOTO OPUDV, LAKA
OTPOQEi®V UNYOVNG, KOPUMV KIVNTHPO ECMTEPIKNG KOVOTG, «TOAAATAGV» E100YWYNC-eE0Y®OYNS
Beviivne, tpoyaimv k.o (Rohatgi 1998, Matsunaga 2002, Wu 2006, Ammar 2008, Feng 2008)



2 YAIKA KAI ME®OAOI

2.1 Imraueves Téppeg

Ov mtdpeveg téppec cvAAéyOnkav amd ta HAlektpootatikd Piktpa tov AHYE Koapdidg won
Meyaddmoing TpokeLévov va depevvnlel 1 emidpaon TV SOPOPETIKMY GLGTATIKMY TOVG GTIG
SL0dIKAGIES TNG TVPOGVOCOUATMOONG KOl TNG OVATTUENG TOV UNYOVIKOV 1010THTOV TOV GUVOETOV
vakov Al/ kar Al/Silrtépevov teppodv. H ik cbotacn Tov TEppdV TPOcdIopioTNKE HE T
xpnon g pebddov DOopicpov Aktivaov-X (XRF), n 0puktoloyikn Tovg 60GTACT HE TN XPHoN TG
uebodov Ilepibraong Axtivov-X (XRD) kot 1 katavoun tov peyéBong tTov couatidiov Toug He
ypron avaivt peyébovc couatidiov (MalVern).

2.2 Iopoywyn kot yopoktnpiopos Twv cvvOETWY DAIKOV

Qc viakd pnAtpag emdéybnkav: Al 99.5% wor Al/Si (88%/12%) oe popen okdvnc.
[Mpogtododnkay piypata Al- kou Al/Si-ttdpevov teppdv kat popeorombnkayv pe m pédodo
™m¢ Kpvog Movoa&ovikng XZvumnicong (CMP) (cuvdetikd vakd: Aadt). Baowkd, yuo kdbes gidog
UETAAMKNG UNTPOG KOL TEPPOC TOPASKELATONKOV 00 S10pOPETIKEG GEIPES GLVOETOV VAIKOV: pio
Ue mTapevn TEPPa “mg Exel” Kot pio Ue ITTAPEV TEPPO. OAEGUEVT] GE KOKKOVG SLoUETPOL <S56um.
Mo kdBe Eeyoplotd cvvOLAGUO UNTPOG- €100G TEPPOG - KOKKOUETPiaG mapockevdcOnkay 6
doKipo, GUVERMC KOTAoKEVAcONKOY cuvoAlkd 144 dokipuo cLVOET®Y VAIK®Y. XTn GUVEXELD, TO.
VA e€etdobnkay oe oxéon pe TN Ogpukn TOLG GUUTEPLPOPA HE TN YpNnon g Hebodov
Apopikng Oepudopetpikng aviyvevong (DSC) oe atpdceaipa aldTov 610 VP0G BEPUOKPUCIOV
0-700°C. O pvBuodg avddov g Bepuokpaciog opicOnke oe 10°C/hentd. Katomyv, ta vAkd
vréotnoav £ynon (v 2 ko 6 opeg) otovg 600°C (untpa Al) kot 520°C (uitpa Al/Si) e adpovn
atpoceapa, vod otabepr| pon aldtov. Ot Beppokpacies emAEyONKOV Amd TO VOLLOYPOQTLLOTO TG
DSC. Metd v mopocvocopdtmon ta bAMKE yapoktnpicOnkav oe oyéon  ynuikn (XRF) kot
opuktoAoyiky T0v¢ ovotacn (XRD). Emiong, m doun tovg peketnOnke upe Hlextpovikd
Mikpookonio Zdpoone (EDAX/SEM). X1 cvvéyelo to dokipio véotnooy SOKIUEG Yo TOV
TPOGIOPIOUd ™G okAnpotThg tovg pe ™ pébodo Vickers (VHN). Elafav yopa mévie (5)
SLOQOPETIKEG LETPNGELS Y10 KAOE JOKIUIO KOl TO TEAIKO OTOTEAECUN GLUVIGTA TO UEGO Opo Tovg. Ot
aAAOYEG  OTNV  WOKVOTNTO, TOV VAIKOV 7OV  TPOEKLYOV KOTG TNV  TUPOGLCCOUNTMOCN
Tpocdoplodnkav pe BepNTIKO VTOAOYIGUO TNG TUKVOTNTOG KOTOTLY LETPNCEDV T®V SOCTAGEDY
TOLC.

AIIOTEAEZMATA KAI XYZHTHXH

2.3 Imroueves Téppes

O ITivaxog 1 mapovstdlel T ¥NWKH 6VOTOOT TOV IMTAPEVOV TEPPDV TOV ¥PNCLLOTOONKAV MG
VAWK TApoonG. Onmg avouévoviay, ol SlopoPEC GTA CIUOVTIKG YMNUWKE opaKTploTikd uetald
TV dVo TEPpaV givan mpopaveic. Xtnv ITK 1o 0&eidio Tov acPeotiov kuprapyel Kobmg KoADTTEL
nepinmov 1o 35% g yMUIKNG 6VGTOONG TOL VAKOV. AviiBétmg, 1 ITM eival éviova mopttikn kabmg
oYed0V Katd T0 NUoL amoteAsitar omd S1o&eidio Tov moupitiov. O Ilivaxag 2 mephapuPdvel Tig
KOPLEC OPLKTOAOYIKEG PAGELS 7OV oviyvevdnkav otic 0vo wtaueveg t€epes. Ocov aeopd v
KATOVOUN, TOL UEYEBOLG TV COHOTIOIMV TOV IMTAPEVOV TEPPOV, VT TPocdlopichnke Yo Tig
TEQPPEC TOGO «®G EYOLVY» 000 Kal aAecuéves. o v «wg éxey ITM ta amotedéopata deiyvovy OTL
T0 (oG copoTidld g eivar <23.5um eved 10 90% avtov £yl Sdpetpo pukpotepn tov 100um. Ta
picd copatidw tng areouévng ITM €youv ddpetpo pikpotepn amd 19.8um kot 1o 90% amd avtd
pucpotepn amd S0um. Avagopikd pe v «og £ew ITK 1o 50% tov copatidiov g Ppioketot



Kbto amd 13.9um kot 10 90% xdto omd 110um. Metd v dieon 10 90% tov copaTdiny
amEKTNOE SIUETPO KPOTEPT amrd 47pum.

[Mivakag 1. Xnuikn Xootaon (%) tov [Tivaxog 2. Opvktoroyikn Xvotaon (%) tov
mrapevev teepov Koapdidg kot Meyaidmoing wmrapevev teeponv Kopdidg kot Meyaldmoing

‘Evoon ITK IT™ Opvoktoroywry ITK I™
SiO; 30.1 49.5 Qo

Al,O; 14.9 19.2 Aceotitg ++ +
Fe,0s 5.10 8.44 Avvdpitng + -
CaO 34.5 11.8 XoAoClog + ++
Na,O 1.01 0.53 Aoctprot + +
K,0 0.40 1.81 Ielevitng + +
MgO 2.69 2.27 AcBeotog ++ -
P,Os 0.34 0.37 Octiko N
TiO; 0.60 1.35 AoBéotio -

SO; 6.28 291

MnO 0.07 0.14 * ++: évtovn mapoveia, + : Tapovsia,
LOI 3.95 1.67 -: amovcia

2.4 [lopoywyn twv oovlétwy viikov

O1 e£TEPIKES OLOPOPES LETOED TOV VAIKADV 1TOV EUPOVEIG KO ApOPOVCHY GTNV OUOATNTA TG
EMPAVELNG KOL OTT) LUGTOPAL TNG TEPPAG OTO KGO TOL VAKOD TOL NTAV KAADTEPES 6T dOKip
alecpévng téepag. Katd m pétpnon g pdlog Kot Tov S100Tdoemv TV 2- Kol 6-0pev Ynuévov
SOKIUI®V PE UNTPIKN PAGT) AAOVUIVIO deV TapaTnPNONKaY GNUAVTIKEG OAAAYEC. ZoumepaiveTal
oLVETTMOG OTL 0ev VN pEe poPnon N avtiopacn o&vyovov pe ta detypata. Ocov agopd T HeTaPoin
TOV SLICTACEDY TOVG, 1 OENOT) TOV OYKOL OPEIAETAL OTNV EMPAVELNKT] 0EEIOMOT TV KOKK®V
KaTd TNV avtaAlayn o&uyovou peta&d Tmv 0&eldimy TG TEPPIS Kol TOV AAOVUIVIOL VIO TO
OYNUATICUO aAoVuvag, KaOdC ot KaToAauPavel peyadbtepo 0yKo omd To TPonyovUeve SO0
VAKE. Avapopikd pe ta VAKG untpikng edong Al/Si, cuykpivovtag ™ pdla toug mpv kot Petd
v €ynon, Topatnpninke peyolvtepn avénon ota dokipia ta onoia wepieiyoav ITM. Eriong, n
avENoT TG SLOUETPOV KOl TOV VWYOVE TV SOKII®Y Elval 0pKETH PEYOAT GUYKPITIKA UE TNV
avtioToym TV dokiuinv Tov adovuviov. To yeyovdg avtd ogeiletol ot KOG TOV GLVOETIKOD
VAKOV Kol TV TePalTép® doykmon. [apdiinia, avoiyovtor diddpopotl €£660v TV aTUOV
aLEAVOVTOG TO TOPDOEG TV SOKIUI®Y, YEYOVOS CNULOYOVO Y10 TNV 0vTOoY TOV GUVOET®V VAIK®V.
Extdc avtov, oty emedvelo OAmv tov dokiuiov to onoia mepieiyav ITK mapoatmpnOnkay
COUPLKH CLGCOUOTMLOTO TO OTOL0 ATOKOAAOVVTAY LLE TNV EPAPUOYT HKPNG ETUPOVEIOKNC
dvvapne. H mbavotepn e&nynon tov yeyovotog antod apopd 6Ty £VIova aoBEGTOVY0 UGN NG
mrapevng téppog e Kopdidg n omoia yaunAdvel to onueio Téng tov cuviétov. Ta
Awypappatae 1-4 aneikoviovv v mocootioio petaorn nalag kot 6yKov Tmv
TAPOUCKEVAGOHEVTOV VAKOV (00C GLVAPTNOT) TOV €I60VG TOL VAIKOD TANPMONG KAl TOV POV TNG
TVPOCGLGGMOUATMOOTG.
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Abypoppo 1. Metoforr] Oykov (%) tov cuvbétav | Awypappa 2. Metaforn Mdlag (%) tov cuvBétmv

pe untpikn edon Al pe untpikn edon Al
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Adypoppo 3. Metaforr Oykov (%) tov cuvBétmv | Awdypappa 4. MetaBoin Malag (%) tov cuvBétov
pe pntpikn edon Al/Si pe untpikn eaon Al/Si

2.5 Xapaxtnpiouog twv oovOétwy vlixwov

Ta Awaypppota 5 ko 6 Teptypdovy T Oeppiky CUUTEPIPOPH TOV GLVOET®Y DAMK®OV UNTPIKNG
oaong aiovpviov kot vAkov mAnpwong ITK ko ITM, 6nwg avty mpocdiopicOnke pe
Awpopik) Oegppdopetpik] aviyvevon. H xopmddn mpdowov ypodpoatog cvpforiler m pon
OepuotnTag S0 pésov tov delypatoc. Xto Adypapua 5, otovg 652.37°C mapatnpeitor andToun
TTOCN TNG KAUTOANG KOl 0t0dideTol otnv oAAayn eaong tov detypotoc. To onueio Méng, dniadn,
0V oLvBETov VAKOD eivorl katd mepimov 8°C yaunAdtepo oe oyxéon pe owTO TOL KaBOPOL
arovpwviov. H kapumodn avth topovotdletl eldyioto otovg 678°C. H pumhe kapumdAn omeikoviCel
uetaforn g ualag Tov deiyparog. [Hapatnpovue 6TL LEAPYEL Lo, kP peimon Bapovg uéypt Toug
475°C 6mov Aaufavel ydpao n Kodon Tov dkovotov GvBpako e 1éepag. And to Oeppokpactakd
avtd onueio kot émerto n palo av&dvetal, yeEYovog TOL VTOJEIKVOEL TNV TEPULTEP® OAACYN
@doemv. X210 Aldypoppo 6, TopaTnPOVTAG TNV Topeio TNEG TPAGIVIG KAUTOANG, CUUTEPAivETOL OTL
10 onueio ™ENg Tov VAKoD Ppicketar otovg 653°C, Nror 7°C kbt omd avtd tov kabapol
arovpwviov. Emiong, n kaumoAn avty glaytotonoteitor otovg 678°C, opoimg pe v TEPInT®ON TOL
ovvOétov vikov Al/ITK. E&dyeton, cuvenmg, To coumépacpo 0Tt 1o £160¢ TG MTAUEVNC TEPPOS
(6tav avt mopevpiokeTar 6€ YoUNAd TOc0GTA GTO VAIKA) dgv emnpedlel T Oepikn ayoyipudtta
TV cuvBétov. AviBétng, 1 andlela Bapovg ota ovvieta Al/ITM givar onpovtikd pikpdtepn amd
ot oto ovvleto Al/ITK. Ze Ogppokpacicc vynidtepeg tov 450°C houpdavel ydpo n Sidomacn Tov




avOpoakik®v g wrhpevng téepac g Kopdide, eved avo tov 600°C n pala tov deiypatog
QLEAVETAL ONUOVTIKE, YEYOVOS TOL amodideTol OTIG CAAAYEG (ACE®MY TOL GLVTEAODVIOL GTNV
mrapevn T€epa g mepLoyng g Kapdide.

Civgtd (%
Weighe 1%

1w

S ~
Atdypappo 5. Awdypoppo Atagopikng Atdrypappo 6. Atdypoppo Algopikig
OepuidopeTpiog Zapmong cuVOETOL LAKOD unTpikng | Ogprudopetpiog ZApmong cuVOETOL LAMKOD UNTPIKNG
@dong Al pe 5% ITM edong Al pe 5% ITK

O [Tivaxkeg 3 kot 4 Topovctalovy Tig KOPLEG OPLKTOAOYIKEG PAGELS TOV AVIYVELTNKAY 6To cUVOETA
vikd Al-ITK kot Al-ITM. To petaAlikd aAlovpivio kvplopyel ota vAkd aveoptritov €idovg
TEQPPOC, EVOD Kol 0 yoAaliog aviyvevetal Kot ota dVo €01 TV VAIK®OV. Ot VIOAOITES KPUGTUAAKES
0aocelg mokilovv, e&optdpeves Kuplmg amd TN YNUIKN KOl OPUKTOAOYIKH GUGTACT] TOV ITTAUEVOV
TEPPOV KOOMG Kot amd TIG MEPAPATIKEG GLVONKES KAT® amd TIC ONOIEG TOPACKELACONKAV TaL
vAkd. v Ewova 1 mapatifevior emleypévec potoypoeieg and to ovvBeta vikd Al /ITK. Ot
0acelg mov Egxwpilovv Kt 0TI dVO POTOYPOUPIES EIVOL TPOPAVAS Ol VEEG KPVOTUAAIKEG PAGELS Ot
omoieg aviyvevtnkav pe ™ péBodo tng Ilepifraong Axtivdv-X kot avanticoovtol YOpw amd Eva
COUOTIO0 TEPPOG MG Aemtd vuévia. Ot pwTtoypagieg ameikovifovv emiong ta Oplo TV KOKK®OV NG
TEQPPOC Kol eANeOncav TpokeéEVoy va. eheyyfel M TPOGKOAANGT TOVG GTO COUATIOW TOL
aiovpviov. Ektog awtov, ot pwtoypapieg SEM kot o éleyyog SEM/EDAX kotédei&av 0ti, £101K4
OTNV TEPITTOON NG WTAUEVNG TEPPOC TNG Meyodomoing, 1 dladikacio TG TVPOCLECOUATMOCNG
é\aPe ydpa yopig Topeunddiomn.

Ta Awypdupato 7 kou 8 mapovctdfovv T dapopomoincn TG EMPAVEINKNG CKANPOTNTOS TOV
TOPUCKEVAGOEVTOV VAIKOV G GLVAPTNON TOL €100VG TNG WITAUEVNC TEPPUC KOl TOV OPMV TNG
nmupoovocoudtoonc. Katapyds mpénet va tovicbel 0Tt To, SoKipo speavicoy vYnAOTEPES TILEG
oKANPOTNTOG Ao avTég Tov Kabapod aAiovpwviov. evikd, ta cvvBeta pe vAikd minpwong ITK
avértuéay UeyolDTEPEC TIMEG OKANPOTNTAC, YEYOVOC TTOL Umopel Vo amodobel 6TIC TLPLTIKES Kot
GGPECTO-TVPITIKES PAGELG TTOV AVIYVELTNKOY GE aVTA To VAIKA. H mapovsia tTov evhceny autdv,
6€ GLVOLACUO LLE TNV TOTEIV®GT TOL oNUEIOV TNEEWMS TOV DMK®MV, £XEl 0oPUA®S OeTiKn eMidpaom
OTIG TYWEG TOV UNYOVIKOV 1010THTOV Tovg. Ailet, Téhog, va avapepbel 6TL 660 peyoluTePO fTaV TO
TOGOGTO GUUUETOYNG TOV ITTAUEVOV TEPPDV, TOGO CKANPATEPT HTAV KL 1] EMPEVELN TOV DAIKOV.




Ewova 1. dotoypagicg SEM cvuvBétov vikod petaiiikng uitpog Al pe akeopévn ITK

[Tivaxag 3. OpuktoAoyikég @acelg cuvBETmv VMKV Al-rtduevng téepag Meyahdmoing

Qpeg 2 6 2 2
éynong
Opvoxkr. Al-5% ITM  AlI-5% ITM  Al-10% Al-15%
@aon IT™ IT™M
Al ++ ++ ++ ++
SiO, + + + +
SigaO128 - - - -
MTivaxag 4. Opvktoloyikég paoelg cuvOETmv vVAKdY Al-tttduevnc téepag Kopdiag
Qpeg éynong 2 6 2 2
Opvokt. pdon Al-5%  Al-5%  AI-10%  Al-15%
ITK ITK ITK ITK
Al + + + +
SiO, + + + +
CaO + + + +
Caug(AlgSi1000334) - - + +
Cay320M022.4(AlgSi1000384) - - - +
Al 31 (Al1g7Sig61024)0.3 - - - +
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Méypoppo 7. Zxinpomra (Vickers) tov cuvOétwv
UNTPIKNG @AGTG GAOVUVIO - TEQPOG

MAdypoppo 8. Zxinpotnra (Vickers) tov cuvBétmv
UNTPIKNG OAGTG GAOVUIVIOV/TUPLTIOV - TEQPOG




3 XYMIIEPAZMATA

Ta cvumepdacpato g dievepyndeicog Epguvoc cuvoyilovrol og eENg:

o Ta dokipno pe oAeouévn TEQPO TOPOLGINCHV KOADTEPT) GLUTEPLPOPE TOGO KOTA TNV
oupumieon 060 Kol KATd TNV EYnor], 660V apopd TG TEMKEG TOVG SLOGTAGELS, TOV OYKO Kol
GUVETMOG TO TOPMOES TOVG

e Xpeldletar va Ppedel amoteleoaTIKOTEPO GLVIETIKO VAIKO Yo Ta dokipua pitpag Al/Si

e Avapopikd pe Ta VAIKA untpog kabapolh adovutviov, ta delypota wov £6e&ay TOGO TV
KOADTEPT] GLUTEPLPOPE KATEPYAGIOG OGO KoL TIG TTLO EAKVOTIKEG 1O1OTNTEG, EIval AVTA LE
mocooToia cvppetoyn wrdpnevng téepag Kapdidg 15%

e Toa ovvBeta vikd Al- ko Al/Si-téppag mov véotnoay dimpn TVPOCVLECMOUATMOGT TEIVOLY
Vo ELPAVICOVV KAADTEPEG OVTOYEG A0 TA. AVTIGTOLY O EEAMPA
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