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Background for the translation of the “Handbook on fly ash in concrete”


The Handbook on Fly Ash in Concrete was first published in 2003 in Germany. It is serving as an information guide for concrete producers, regulators and experts in science, technology and civil engineering regarding the properties of fly ash and the benefits of the use of fly ash as concrete addition. It compiles results of research on the use of fly ash in concrete.


In addition it describes the specific regulations in Germany on the use of fly ash in concrete. The use of fly ash in concrete developed differently in the EU member states because of the differences in already existing national concrete standards and boundary conditions. By now, it was not possible to standardize the use of fly ash in concrete in detail on the European level of standardisation. Therefore different regulations based on national experience still exist in the EU member states.


In view of the fact that the handbook on fly ash for concrete is mainly related to the German approach the members of the European Coal Combustion Product Association (ECOBA) consider it useful to provide an English translation in order to make the compiled information available to the experts across Europe and to provide a contribution to future discussions on the best use of fly ash in concrete.
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Hans-Joachim Feuerborn




VLB-Meldung


Lutze, Dietmar / vom Berg, Wolfgang (Editors):
 Handbook on fly ash in concrete
 Principles of production and use
 N. Benscheidt, W. vom Berg, H.-J. Feuerborn, D. Heinz, I. Hohberg,
 A. Hugot, D. Lutze, M. Mengede, R. Pierkes, E. Schneider, U. Wiens
Translation of the 2nd German edition
Düsseldorf: Verlag Bau+Technik GmbH, 2010


ISBN 978-3-7640-0527-6
eISBN 978-3-7640-0537-5





© by Verlag Bau+Technik GmbH, Duesseldorf 2004
Total production: Verlag Bau+Technik GmbH,
P.O. Box 12 01 10, 40601 Duesseldorf
www.verlagbt.de


Printing: B.O.S.S Druck und Medien GmbH, 47561 Goch




Foreword to the First Edition


As an addition and a binder component, fly ash is nowadays an indispensable material for many applications of concrete. Our current level of knowledge and experience is based on a technical development that started in Germany in the mid-1960s and has been continued worldwide with intensive and extensive research work.


The conditions existing in power stations when firing pulverized coal cause a flour-fine, pozzolanic mineral material to form from the accompanying rock in the coal. Owing to its specific characteristics, it has a positive impact on the properties of fresh and hardened concrete, and enables high-grade, durable concretes to be produced in a cost-effective manner.


The use of fly ash in concrete is also highly beneficial from an economic and ecological perspective, as the smaller quantities of cement and aggregate used enable valuable resources to be conserved, energy to be saved and pollution and carbon dioxide emissions, which are unavoidable in the production of building materials, to be reduced.


In this book, the authors have combined the latest discoveries from the field of research with practical experience of the use and effects of fly ash in concrete for the user. We hope that this book delivers all the necessary information and provides interesting suggestions for the targeted use of fly ash in concrete, thus promoting the use of this valuable raw material.


Dortmund and Essen, December 2003


Dietmar Lutze
Dr. Wolfgang vom Berg


Foreword to the Second Edition


After five years, the results of new research into the effect of fly ash in concrete and the properties of fly ash concrete, and their implementation in the rapidly changing regulations on the production of concrete have inspired the authors to extensively revise and update the Handbook on Fly Ash in Concrete. The situation as regards standards relating to this field as of August 2008 has also been incorporated. The authors hope that this Second Edition will prove to be a helpful, practical resource for the production of concrete with fly ash in compliance with the applicable standards.


Dortmund and Aachen, August 2008


Dietmar Lutze
Dr. Wolfgang vom Berg




1 Basic Principles


1.1 Definition


According to DIN EN 450-1 “Fly ash for concrete” [N 6], fly ash is a fine powder of mainly spherical, glassy particles derived from burning of pulverized coal. It has pozzolanic properties and consists essentially of SiO2 and Al2O3, the content of reactive SiO2 being at least 25 mass %. Fly ash is obtained by electrostatic or mechanical precipitation of dust-like particles from the flue gases of furnaces fired with pulverised coal, with or without co-combustion materials.


With the exception of one lignite fly ash approved by the building authorities, all types of fly ash used as a concrete addition in Germany have a low reactive lime content and a high reactive SiO2 content. They are known as siliceous or silicon-rich fly ash and may also come from lignite-fired power plants.


To date, calcareous fly ash (reactive CaO > 10 mass %) has not been provided for use as a concrete addition in Germany (aside from the aforementioned exception). However, according to DIN EN 197-1 [N 3], calcareous fly ash may be used as a main constituent in the production of fly ash cement CEM II/A-W or CEM II/B-W. As cements of this type are not produced as yet in Germany, and the use of calcareous fly ash as a concrete addition is also not generally permitted at the present time, this type of fly ash will not be discussed here.


In this book, fly ash should be understood to mean siliceous fly ash in accordance with DIN EN 450-1. This type of fly ash is generally obtained by firing hard coal and is therefore frequently referred to in the literature as hard coal fly ash.


However, fly ash conforming to DIN EN 450-1 can also be produced by processing in suitable production plants. The processed fly ash may consist of fly ash from different sources complying with the above definition. If one or more of the initial fly ashes is produced in power plants with co-combustion of secondary fuels, the processed fly ash is considered to be fly ash obtained via co-combustion, for which specific verification is required.


1.2 Historical development


As early as the 1930s, efforts were made to find a use in the building materials industry for the increasing amounts of fly ash produced when firing coal in large power plants in Europe and America. One proposal was to use it as a substitute for cement as an addition in autoclaved aerated concrete and concrete blocks. In the U.S.A., fly ash was used to replace 35 % of the Portland cement in about 3 million m3 of concrete during construction of the Hungry Horse Dam in Montana in 1948. In Germany, only fly ash from hard coal power stations was initially used, due to the fact that it was available at the quality required and had the desired degree of uniformity.
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Fig. 1.2-1: Development in the production and utilisation of fly ash from hard coal power plants in Germany


In Germany, fly ash began to be used in significant amounts in the 1960s and, owing to the increasing amounts being produced, became an economic and ecological necessity from the mid-1970s onwards (Fig. 1.2-1). Since the mid-1990s, almost 100 % of the fly ash generated in hard-coal-fired power plants has been used in the production of building materials, of which 75 % has been used to make all types of concrete.


It took more than 10 years, by convincing potential users, developing the necessary logistic infrastructure and opening up the market for the product fly ash, to reach today’s successful outcome. One of the initial problems which had to be dealt with was the fact that the use of fly ash was not regulated in the sector of building construction relevant to the building inspectorate and was not included in constructional regulations. This applied to all applications of fly ash, but in particular to its use in concrete, which already represented a significant market at that time. A crucial breakthrough was made in this regard on 29 June 1970, when the German State of North Rhine-Westphalia, as the highest building authority, granted H. Keller, a company which sold and distributed by-products from German coal-fired power plants, a technical approval for “EFA-Füller RM” fly ash from the Rheinstahl power plant in Marl as a binder for use in combination with cement. This decision was crucial from a cost perspective, as the approval allowed some of the cement required for concrete to be replaced by fly ash, and the recognition given to fly ash as a binder component attracted the interest of concrete manufacturers. Unfortunately, it was not long before this positive development was brought to a halt when the German states assigned some of their responsibilities for building inspection to the Institute of Building Technology. This Institute was founded in 1969 and, to begin with, no longer allowed fly ash to be counted in the total binder content as a binder for use in combination with cement. Fly ash had been granted 31 marks of approval by 1979, but the industry had to wait until 1983 for new regulations allowing fly ash to be counted as part of the binder content. However, these new regulations were far more restrictive than the building inspectorate approval given in 1970. By 1995, a total of 85 marks of approval had been granted on the basis of the “Guidelines for Granting Marks of Approval for Hard Coal Fly Ash”, developed in 1980 by the Institute of Building Technology and the subsequent (1990) “Guidelines for Granting Approval for Inorganic Concrete Additions (Approval Directive)” [R 1].


It was necessary to perform extensive research to establish the current value of the “countability factor” of k = 0.4 in the approvals. Fly ash became a standard building material when DIN EN 450 [N 5] was introduced by the building inspectorate in 1996. Building inspectorate approvals are now granted only for fly ashes not covered by the standard, such as fly ash produced by firing hard lignite and lignite as well as fly ash produced by the co-combustion of sewage sludge or petroleum coke.


As a result of new technological developments in the power industry and knowledge gained from the application of DIN EN 450, fly ash from co-combustion power plants and processed fly ashes were also incorporated into the successor standards DIN EN 450-1 and DIN EN 450-2, which were adopted by the building inspectorate in 2006.


The use of standard fly ash in concrete has been regulated by the application guidelines “Use of Fly Ash Complying with DIN EN 450 in Concrete Construction” [R 3] issued by the DAfStb (German Committee for Reinforced Concrete) in 1996 and adopted by the building inspectorate. The contents of these application guidelines were later incorporated into DIN 1045-2, which has been a mandatory requirement since 1.1.2007. Since then, the range of potential applications has been broadened on the basis of new research results and has been incorporated into DIN 1045-2 by way of the Amendments A1 and A2. Amendments A1 and A2, as well as Amendment A3 to DIN 1045-2, which was only published as a draft standard and essentially contained the preliminary standards of the DIN V 20000 series in DIN 1045-2, were incorporated into a consolidated version of DIN 1045-2, 2008-08 edition [N 13].


1.3 Raw materials, production and quality control of fly ash


1.3.1 Raw materials


In 2006, approximately 50 million tonnes of hard coal were used in power plants across Germany to generate electricity and heat. Increasing quantities of hard coal imported from Eastern Europe and overseas were fired in addition to hard coal from Germany.


Hard coal, a fossil fuel, is an organic sediment formed at its site of deposition from the remains of plants and animals which have been converted into coal by geological processes. The deposits of hard coal in the earth were generally formed during the Carboniferous Period between 285 and 360 million years ago. Hard coal is composed of an organic component, carbon, which has a high calorific value, and between 5 mass % and 35 mass % of associated mineral matter that cannot be removed by processing, namely the ash. The various grades of coal are determined by carbon content, volatile constituents, sulfur content, and content of associated mineral matter. Only certain selected grades of coal are suitable for use as steam coal in a coal-fired power plant.


After hard coal has been mined, the majority of the accompanying rock is separated from it as refuse by flotation and other methods during the coal processing procedure. To obtain particular, defined properties, coals of different origins are often mixed, occasionally in special mixing facilities at the power plant.


Biomass and/or secondary fuels derived from waste are nowadays also co-combusted in some power plant boilers with the standard coal fuel for economic and ecological reasons [1-1]. In Germany, these secondary fuels currently generally take the form of petroleum coke from oil refining and sewage sludge from municipal sewage treatment works. In some other European countries, other secondary fuels processed for use in power plants as well as biomass are also co-combusted with coal. The amount of co-combustion material used in each case is limited by the provisions of the standard, which ensure that the concrete technology and environmental properties of the fly ash are not adversely affected.


1.3.2 Production


Coal is transported by heavy goods vehicle, rail or ship from the mine or an international port to power plants. It is then stockpiled or directly conveyed to the coal bunkers of the power plant, as required. The coal is subsequently ground in coal mills (generally vertical roller mills). The fineness of the pulverised coal is determined by screening, ensuring that 80 mass % of the coal particles have a particle size of < 90 µm. The pulverised coal is conveyed along with the combustion air to the burners, and passes through them to the combustion chamber, where the organic constituents in the coal are burnt within seconds with the release of heat. Some of the non-combustible mineral constituents agglomerate to form coarser particles and, depending on the furnace system used, fall to the bottom of the boiler as in liquid or lump form. For example, glassy slag-tap boiler slag is formed in wet bottom boilers (furnace temperature 1,500 to 1,700 °C) and bottom ash is formed in dry bottom boilers (1,100 °C to 1,300 °C).


The fine mineral particles found in the flue gas are also largely melted. They are entrained by the flue gas and, when they cool, solidify to form glassy, amorphous ash particles having a predominantly spherical shape (Fig. 1.3-1).
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Fig. 1.3-1: From coal particle to fly ash


These ash particles are separated from the flue gas by electrostatic separation in multistage electrostatic precipitators and are obtained as fly ash. The fly ash is conveyed pneumatically or mechanically from the electrostatic precipitator and collected in a silo.


According to DIN EN 450-2 [N 7], it is possible to process fly ash in suitable production facilities to optimise its properties. Suitable methods for this purpose include, for example, classification, selection, sieving, drying, blending, grinding and carbon reduction. Processing fly ash by classification, selection or sieving processes serves primarily to increase the fineness and to improve the particle shape and granulometric composition, thus reducing the water demand. It is necessary for the fly ash used for processing to be inspected and for it to comply with DIN EN 450-1 [N 6], with the exception of the requirements on loss on ignition, fineness and variations in fineness.


1.3.3 Monitoring and certification


Until 1995, it was necessary to obtain a technical approval from the German Institute of Building Technology (DIBt) to be able to use fly ash as an addition in concrete in accordance with DIN 1045 [N 12]. These technical approvals, which had to be granted individually for each fly ash from a particular power plant or power plant unit, contained material-specific requirements, the rules for use of fly ash in concrete in accordance with DIN 1045 and the regulations for the product control required. The European standard EN 450 “Fly ash for concrete”, published in September 1994, was published as DIN EN 450 [N 5] together with the test standards DIN EN 451-1 [N 8] and DIN EN 451-2 [N 9] in January 1995 and, after a transition period, replaced the technical approvals required before that point.


In 2005, DIN EN 450-1 [N 6] and DIN EN 450-2 [N 7] were published as successor standards to DIN EN 450:1995 and were adopted by the building inspectorate in 2006 by incorporation into the Building Code, Section B. DIN EN 450-2 superseded conformity evaluation standard DIN 18990 [N 29]. In DIN EN 450-2, as in DIN 18990, conformity of fly ash is demonstrated in accordance with system 1 + on the basis of factory production control performed by the manufacturer using a works’ quality manual, as well as on the basis of audit testing by a recognised body which assesses and evaluates the results of the internal tests and also carries out audit testing itself. Only six of the more than 150 European building materials standards require demonstration of conformity in accordance with system 1+, which consists of continuous factory production control by the manufacturer and testing by a recognised body. This demonstrates how high the standards of quality for fly ash as a concrete addition are in comparison with other building materials. A certificate of conformity which confirms the compliance of the fly ash with the requirements of the material standard DIN EN 450-1 and which is issued by a recognised certification body is granted as a result of this quality control process. The certificate of conformity and the associated conformity mark (CE mark) on the delivery note indicates that the fly ash may be used as a concrete addition in compliance with DIN EN 206-1 / DIN 1045-2.


When co-combustion materials are used, substances which affect the environment may be incorporated in the fly ash and released due to the leaching processes when this fly ash is used in concrete. According to DIN 1045-2 [N 13], only fly ash which does not have any harmful environmental effects, in particular with respect to soil and water, may be used in concrete. This must be established by obtaining general technical approval. In addition to the CE mark, all fly ashes also receive an Ü mark to demonstrate their compatibility with the environment. Depending on the type of co-combustion material used, tests are as specified in the German Institute of Building Technology’s reference document “Evaluation of impact of building materials on soil and groundwater” have to be performed as part of the approval procedure [M 1].


Either the power plant or, if the fly ash is processed, the production plant counts as the production site.


1.4 Material properties of fly ash


1.4.1 Mineral and chemical composition


The types of mineral present in the coal and the accompanying rock are determining factors of the chemical composition and the mineral phase constitution of the fly ash. The minerals which are the most common and occur most widely in coal include clay minerals, iron sulfides and carbonates. These types of minerals may account for up to 95 % of all the minerals contained in the coal. Other minerals generally found in coal include quartz and various iron oxides and hydroxides. This mineral phase constitution of hard coal is comparable to the raw materials used for earthenware (clay slate, etc.).


When pulverised coal particles are burnt in the flames of the coal burner, the minerals accompanying the coal are heated to temperatures > 1,300 °C, causing conversion processes to take place, such as dewatering, de-carbonation, oxidation and sintering. The majority of the mineral material melts and then solidifies in a glassy, amorphous form during the following cooling process in the stream of flue gas. The resulting glass content of the fly ash lies between 60 mass % and 85 mass %. The main crystalline phases likely to be found in this glass matrix are mullite (as the recrystallisation product of the aluminosilicate melt), quartz and iron oxide (Table 1.4-1).


The mineral phase constitution described produces a chemical composition which is characterised by its three main components: SiO2 (silica), Al2O3 (alumina) und Fe2O3 (iron oxide). In contrast to most of the fly ash produced in lignite power plants, fly ash obtained from firing hard coal is low in lime and sulfates and is rich in silicon (see Table 1.4-2). Trace elements such as lead, nickel and arsenic are only present in low concentrations. The sum of these elements, together with zinc and manganese, accounts for less than 1 mass %. As expected, organic trace substances such as polycyclic aromatic hydrocarbons and dioxins and furans cannot be detected or at most lie at the detection limit on account of the composition of the initial fuel hard coal and the combustion conditions in the boiler [1-1].






	Table 1.4-1: Mineral phases in siliceous fly ash







	Mineral phases

	Content [mass %]






	Glass

	60 ... 83






	Mullite

	4 ... 25






	Quartz

	4 ... 18






	Haematite

	0,5 ... 2






	Magnetite

	1 ... 7






	Quick coke

	0.5 ... 5











	Table 1.4-2: Chemical composition of siliceous fly ash 1)







	Component

	Content [mass %]






	Si02


	36 ... 59






	AI2O3


	20 ... 35






	Fe203


	3 ... 19






	CaO

	1 ... 12






	MgO

	0.7 ... 4.8






	K20

	0.5 ... 6






	Na20

	0.1 ... 3.5






	S03


	0.1 ... 2






	Ti02


	0.5 ... 1.8






	Loss on ignition

	0.5 ... 5






	1) Values taken from inspection tests on fly ash since 1997 (tests in compliance with DIN EN 450-1)








Approximately 1 mass % of fly ash is water-soluble – primarily alkali and alkaline earth sulfates, as well as traces of calcium oxide (free lime). Between 0.1% and 1% of the concentration of trace elements can be dissolved out, depending on the pH and the water/solid ratio, meaning that the trace elements are predominantly bound in the silicate matrix.


One of the main tasks involved in the revision of the former EN 450 standard from 1995 was the development of provisions and technical requirements which enabled broader use of co-combustion materials during the production of fly ash. Only the co-combustion of municipal sewage sludge was regulated in DIN EN 450:1995 and the Building Code, Section 1, Appendix 1.6, but DIN EN 450-1:2005-05 allows seven different types of co-combustion materials to be used:


–  Vegetable matter, such as wood chips, straw, olive shells and other vegetable fibres


–  Green wood and cultivated biomass


–  Animal meal


–  Municipal sewage sludge


–  Paper sludge


–  Petroleum coke


–  Virtually ash-free liquid and gaseous fuels


It has to be established by an initial test with a broad investigative scope and additional tests as part of quality control procedures that the use of co-combustion materials has no negative influence on the concrete properties and that the pozzolanic activity is not adversely affected in comparison with fly ash which has not been produced by co-combustion. The European data available up to 2001 on fly ash produced from co-combustion are compiled in a CEN Report CEN/TR 15677 [1-2].
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Fig. 1.4-1: Fly ash viewed by scanning electron microscope (SEM)


1.4.2 Physical parameters


The beneficial properties of fly ash in fresh concrete are determined mainly by the particle shape and particle size distribution. When the pulverised coal minerals melt in the boiler, the surface tension of the resulting melt phase causes spherical particles with a closed surface to form. In addition to pore-free solid spherical particles, hollow spherical particles (cenospheres) and filled hollow spherical particles (plerospheres) may form in some isolated cases (Fig. 1.4-1). The resulting particle density lies between 2,000 kg/m3 and 2,500 kg/m3 (see Table 1.4-3). The bulk density lies between 800 kg/ m3 and 1,100 kg/m3.






	Table 1.4-3: Physical parameters of siliceous fly ash







	 

	 

	Range






	Particle density

	kg/m3


	2,000 ... 2,500






	Bulk density

	kg/m3


	800 ... 1,100






	Mean particle size d50


	μm

	10 ... 30






	Specific BET surface area

	cm2/g

	10,000 ... 50,000







d50 particle size distribution values of between 5 μm and 50 μm are obtained in the fly ash as a result of the initial particle size distribution of the pulverised coal and the screening action of the flow of flue gas in the boiler and along its subsequent flue path (Fig. 1.4-2).


The fineness of fly ash is similar to that of cement, but the particle size distribution follows a different pattern. The concentration of ideally formed, spherical particles is higher in the finer particle size ranges, and the coarser particle size ranges may include irregular and porous particles. Targeted processing procedures, including suitable screening and sieving processes, enable the coarse particles to be removed and fine or ultra-fine fly ash with an optimal particle shape and granulometric composition to be produced (Fig. 1.4-3).
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Fig. 1.4-2: Fly ash particle size distribution range
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Fig. 1.4-3: Particle size distributions of processed and unprocessed fly ash in comparison with cement (examples)


1.4.3 Environmental and health compatibility


The way fly ash is handled in the power station, during transport and use, as well as the effect fly ash has on the environmental compatibility of concrete are all issues to be considered in relation to the environmental and health compatibility of fly ash. The environmental and health compatibility of concrete containing fly ash is discussed in detail in Section 4.2.5.


The following aspects have to be considered when handling fly ash:


–  Dust emissions


–  Water pollution


–  Heavy metal content


–  Leaching


–  Emission of volatile (gaseous) substances


–  Radioactivity


Important information on the environmental and health issues involved with the use of fly ash can be found in the fly ash safety data sheet available on request from fly ash suppliers. This safety data sheet is provided on a voluntary basis since fly ash is not a hazardous substance and therefore a safety data sheet is not obligatory.


Dust Emissions


Fly ash is generally handled using closed conveying and transport systems, so it could only have an environmental or health impact if systems are disrupted or when accidents occur. Dusts such as fly ash are subject to TRGS 900 (Technical Regulation for Hazardous Substances), which regulates air quality in the workplace and specifies a limit of 3 mg/m3 for the alveolar dust fraction and also, since April 2004, a limit of 10 mg/m3 for respirable dust. This regulation prevents the function of the respiratory organs from being impaired by dust. In the case of conventional closed transport and storage systems, the actual dust concentration is generally significantly lower than the limit value. Values of less than 1 mg/m3 have been measured [1-3] in the fly ash loading and unloading areas in power plants and on users' premises, so there is no danger to health by inhalation. Inhalation of fly ash particles through the nose or mouth is negligible under conventional working conditions.


Water Pollution


Fly ash is listed in Water Pollution Class 1 under the rules for classifying substances into Water Pollution Classes in the “Administrative Regulation on Substances Hazardous to Water” (VwVwS). This is due exclusively to the fact that the proportion of water-soluble constituents may be higher than the threshold of 100 mg/l. Fly ash complies with the toxicological and ecotoxicological requirements of the “Administrative Regulations on Substances Hazardous to Water” for substances that are not hazardous to water.


Heavy Metal Content


Like all natural rock, coal contains trace elements which make their way into the fly ash after the combustion process [1-4]. Table 1.4-4 shows the content ranges of trace elements in fly ash in comparison with the content ranges found in soil and the lithosphere. It has been observed that, as a result of the combustion process, various trace elements are present in higher concentrations in fly ash than in natural soils. Some co-combustion materials such as petroleum coke may cause increases in the content of particular heavy metals. For this reason, the levels of nickel and vanadium in the fly ash are limited to 600 mg/kg and 1,500 mg/kg respectively when using petroleum coke as a co-combustion material. Tests are also carried out on fly ash produced by co-combustion to determine whether heavy metals which could exceed the insignificance threshold values for groundwater are leached from concrete containing fly ash. This has not as yet been detected in any instance during the corresponding technical approval tests as specified in the German Institute of Building Technology reference document [M 1], as the heavy metals are generally bound tightly in the matrix and do not leach out to a significant extent.


Leaching


The issue of the leaching of substances which may affect the environment is of particular importance for evaluating the environmental compatibility of fly ash. Leaching of organic substances is not relevant since fly ash only contains extremely small traces of organic substances on account of the way it is formed. In practice, inorganic trace elements and heavy metals are only leached to a small degree [1-4], since they are largely bound tightly in the glassy matrix. There is therefore no general correlation between the trace element content and the leachable constituents.


Table 1.4-4: Levels of trace elements1) [mg/kg] in fly ash in comparison with the levels in soil and the lithosphere 2)


[image: image]


Emission of volatile (gaseous) substances


No organic substances which may affect health are released from fly ash via the gas phase, since these substances are not constituents of fly ash owing to the combustion process in the coal-fired power plant.


The only substance which could condense on the surface of the fly ash during denitrification of the flue gas is ammonia, which is used for denitrification of the flue gases in the power plant and which escapes when the fly ash is used as an addition to produce concrete. This is discussed in greater detail in Section 4.2.5.


Radioactivity


Coal, and therefore also coal ash, contains traces of the natural nuclides of the uranium-radium series, the thorium series and potassium 40, which are omnipresent in the environment [1-7]. When coal is burnt, the radionuclides remain predominantly in the ash. The results of various recent tests on the activity concentration of siliceous fly ash are shown in Table 1.4-5. Earlier tests, in some of which higher activity concentrations were observed, focused on the ultra-fine dust released with the purified flue gases (clean gas dust) and these results are therefore not applicable to the fly ash used as a building material. The comprehensive test results available demonstrate that fly ash is harmless from a radiation hygiene perspective. Fly ash is therefore not considered to be a residue subject to monitoring under the Radiation Protection Directive) [N 37].






	Table 1.4-5: Activity concentration ranges in German fly ash [Bg/kg] 1)






	Source

	Number of samples

	a radium-226


	a thorium-232


	a potassium-40







	
[1-8]


	3

	93 ... 137

	96 ... 155

	459 ... 877






	
[1-9]


	5

	148 ... 204

	100 ... 140

	881 ... 955






	
[1-10]


	20

	51 ... 165

	59 ... 120

	760 ... 1,480






	
[1-11]


	3

	87 ... 177

	73 ... 115

	no data






	
[1-12]


	8

	59 ... 182

	69 ... 105

	380 ... 1,240






	[1-9]

	16

	41 ... 210

	42 ... 186

	92 ... 736






	Total

	55

	41 ... 210

	42 ... 186

	92 ... 1,480






	1) The ranges specified are the minimum and maximum values obtained in existing tests. They cannot be used to derive mean values or characteristic or representative quantile values.








The radioactivity of fly ash when used as a concrete addition is evaluated in Section 4.2.5.


Literature










	[1-1]


	Heinz, D.: Umwelt- und Gesundheitsverträglichkeit von Kraftwerksreststoffen. (Environmental and health compatibility of power station residues) VGB Kraftwerkstechnik 74 (1994) H. 8, S. 711–716






	[1-2]


	CEN/TR 15677: Fly ash obtained from Co-combustion – A report on the situation in Europe. European Committee for Standardisation, Brussels (2008)






	[1-3]


	Meij, R.: Statusrapport Gezondheidsaspecten Poederkoolvliegas. KEMA, Arnheim 2000






	[1-4]


	Hohberg, I.; Müller, Ch.; Schießl, P.; Volland, G.: Umweltverträglichkeit zementgebundener Baustoffe. (Environmental compatibility of cement-based building materials) Sachstandsbericht. Schriftenreihe des Deutschen Ausschusses für Stahlbeton, H. 458, Beuth Verlag, Berlin 1996










OEBPS/images/cover.jpg
Lutze / vom Berg (Editors)

Handbook on
fly ash in concrete

Principles of
production and use

veriac [] sausTechnik






OEBPS/images/fig17a.jpg
Utra-fne matartl

‘Screen undersize [mass 9]

D
[Medum|Coarss| e

Particle sis (]





OEBPS/images/fig17b.jpg
‘Sormen undersizs [mass %]

—®— Fins fy ash, pocissed

H == Uitrafns fy s procassed.
10

—-—
== CEMINE 2 5-NWHS camsnt
= Fiyaen

100
Partce sza m]





OEBPS/images/fig12.jpg
Temparature

Goka combuston,

Pubersad
ol partics

ok particls /
heating, gasification






OEBPS/images/fig16.jpg





OEBPS/images/title.jpg
[ 2] BAu+TECHNIK






OEBPS/images/fig19.jpg
Soil

Litho-
Substance G Germany Worldvide sphere.
Source. 3 01-5 [1-6] (-6
Antimeny, b | <05 43 = = =
Arsen, | 08 461 1 20 1 50 5
Barium, Ba| 612 2,209 = 100 ...3,000 430
Lead, P 23 o74 2 80 2 200 16
Camum,  0d| 02 122 o1 08 001... 70 02
chomum, | 29 385 5 100 1 0 4
Cobat, co| 3% 125 = 1 ..1000 200
Copper, ou| 3 613 3 ) 2 100 70
Nikel N s 489 3 50 5 500 100
Mercury, Ho| 01 4 002.. 02 = =
Thallum, T o1 4 002.. 045 = =
Vanadum, V| 78 619 = 20 500 150
e, m| a7 1500 10 80 10 30 80
» They cannct

charactristc o representztive quantie values
Rock mante ofthe Eah's st
Values taken from [1-4] and from fly ash inspections since 1997





OEBPS/style/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    


     
         
             
             
             
             
        
    

  

   
     
  





OEBPS/style/cover_page-template.xpgt
 
 
 
 

 
 

 
 
 

 
 

 
 
 

 
 




 



 
 





OEBPS/images/fig10.jpg
Amourt cf iy ash millon tonnes]

A ™|
a
"N/ -
Y Production ||
— Utlisaion
|
S0 s e tees e tews  zmo  ams
Year





