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Australia (Continued)
pulverised fuel ash composition 26-7
specifications and standards 385
Autoclaved aerated concrete (AAC)
116-18, 117
Auto-shredder residue (ASR) 47, 68
Bagasse 48, 51-2
composition 53
Beneficiation, and product quality
perception 395, 396
Biomass
definition 47
materials, composition 48
as sole fuel source 37-8
types
bagasse (sugar cane residue)
olive oil waste 524
poultry litter  50-1
straw 48, 49, 50
wood 43-4
BITOR 71
Bitumen, and glass fibre 269
Bleeding (from grout) 108
Blending, pulverised fuel ash (PFA)
227-8
Boron, in pulverised fuel ash (PFA}, and
agriculture 92
Bottom ash
composition 21-2
definition 12
from municipal solid waste (MSW)
70
and refuse-derived fuel (RDF) 45
Brick workings, as landfill 89
Brickmaking 121-6, 230-3
Bricks
aesthetic properties
leaching 162-3
manufacture 123-8
with incinerated sewage sludge ash
(ISSA) 2324
with municipal solid waste {MSW)
234-5
by soft-mud moulding 230
by vacuum extrusion 229
pulverised fuel ash (PFA)
prospects 231-2

51-2

236~8

125-8
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quality control, stockpiling
227-8
as sole constituent 124-5
semi-dry pressing 230-1
pulverised fuel ash (PFA) content, by
manufacture method 229-31
British Standards 94-6
grouting 106
pulverised fuel ash (PFA) in concrete
142, 143
BS 3892 94-6
Brown coal
definition 7
mineral content 9-10
Building Materials Decree, the
Netherlands 154-5

Cadmium, treatment using zeolites
256-7

Calcination, and carbon dioxide
emission 349-51

Calcium silicate products 2924
Calcium

incoal 10

and metal removal 168-72
Canada

prospects for ash utilisation 394
specifications and standards 385
Carbon
activation 360
adsorption characteristics
362, 365
artefacts 365-6
content of coal, and classification 7
in fly ash 355-6
separation from fly ash 359
Carbon burnout, pulverised fuel ash
(PFA) loss-on-ignition (LOI)
reduction 147
Carbon dioxide
capture using unburned carbon

360-2,

364-5
in cement foaming 281
emissions
from cement production 349-50,
350

and fly ash use in concrete 105
in supercritical fluid extraction 173

—



INDEX

Carbon dioxide emissions, poultry litter
combustion 51
CARBUNCULUS cement 347, 351
Carcinogens 182
quartz 188-9
Threshold Limited Values 183
CEFYR project 301-8
Cellulose, in fire-resistant panels 298
Cement kiln dust (CKD), in concrete
215
Cement kilns, and tyre disposal 67
Cement
foamed 280-1
and geopolymers 351-2
glass polyalkenoate 277-8
advantages 278-9
applications 279-81
poly{acrylic acid) ratio 283
raw material property requirements
284
see also Concrete
Cenospheres 140-1
in paint 318
removal from pulverised fuel ash (PFA)
151-2
Centrifugation, carbon 358
Ceramics, containing pulverised fuel ash
(PFA) 121-3
Children, and pulverised fuel ash (PFA)
intake levels 187
China, taxes 392
Chloride ingress, concrete 1034
Chromium, health and safety
189-90
Chronic non-specific lung diseases
(CNSLD) 181-2
Circulating fluidised bed combustor

(CFBC) 34-6, 35
Class I elements, in coal 15, 16
Class II elements, in coal 16,17

Class III elements, in coal 18
Classification, coal 7-9, 8
Clays
incoal 9
definition 223
Clayware
Integrated Product Policy (IPP) case
study 412-16
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overview 2234
see also Brickmaking; Bricks
Coal
ash content, the Netherlands 12
carbon content, and classification 7
chemical composition 13
elements, by classification 14-18,
16
classification 6-9, 8
combustion
definition 10~-11
fluidised bed combustion 33-7
stoker firing 29-31
wet-bottom boilers 31-3
composition
and ash composition 20
the Netherlands 21-2
gasification 75-6
residues  76-9
geographical origin, and mineral
content 10
historical background 5-6
mineral composition 9-10
preparation, and pulverised fuel ash
(PFA) quality 145-6
sulfide removal 145
world production 5
Coal ash
chemical composition 21-2
composition, modelling 18-23
flow diagram, the Netherlands 13

history 3
origin 10-11
ratio 15

from stokers 30-1
see also Pulverised fuel ash (PFA)
Coal dust, No Effect Level 185
Coal mining, subsidence reduction 89
Co-combustion 37-43
and airborne particle safety levels
187
ash, in concrete 212-13
and ash purification 167
KEMA test sites, the Netherlands
3942
municipal solid waste (MSW) 45
plastics 46
wood 434
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Colombia
furnace bottom ash composition
24-5
pulverised fuel ash (PFA) composition
26~7
Combustion
fluidised bed combustion 33-7
and pulverised fuel ash (PFA) quality
144-6
stoker firing 29-31
wet-bottom boilers  31-3
see also Co-combustion
Combustion residues
issues facing users 4
world production 3
Composites
fire-resistant boards 297
see also Glass fibre
Composition
automotive tyres 66-7
biomass ash 55-9, 56-7, 58
coal ashes, by country 21-2
coal, and particle size 17
furnace bottom ash (FBA) 24-5
municipal solid waste (MSW) 235
oil shale 74
olive oil waste 54
Orimulsion® 72
paper waste 67-8
petroleum coke 63-4
pulverised fuel ash (PFA) 21
by country 26-7
sewage sludge 66
straw ash 50

wood ash 48, 55, 56-7, 58

Concrete
blocks, containing pulverised fuel ash
(PFA) 116-18, 117

with cement kiln dust (CKD) 215-16
containing co-combustion ash
212-13

containing lagoon ash 211-12
durability 103-5
engineering properties
fire resistance 294-6
foamed 280-1
geopolymer 346-7

strength 344

101-§
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with glass fibres 270-2
and glass polyalkenoate cements
277
leaching 162-3
with municipal solid waste ash
(MWSA] 216-18
overview 94-6
pulverised fuel ash (PFA) properties
97-9
pulverised fuel ash (PFA), to EN450
standard 209-10, 210
quality standards 141-3
with sewage sludge ash 216-18
with silica fume 213-15
Costs
data gathering for standards
compliance 414
disposal 382-3, 391
gasifier slag 286
glass fibre production 272-3, 273
novel products 383
taxes 390-2
Cyclone boiler 31-2, 32
Cyclones 146-7

Dangerous materials, classification
387
Denmark
Environmental Product Declaration
(EPD) schemes 407
straw burning 49
Dental cements 277-81
specifications and standards 285
Deposition, of particles, and public
nuisance 186
Diffusion characteristics, concrete 103
Diseases from dust exposure 180-2
Disposal
costs 383
from legislation 392
gasification residues 78
landfill, see Landfill
particulate residues 153
pulverised fuel ash (PFA) 87
tyres 66
Doors 299
Drier scum 237
Durability
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fly ash grout 109
glass fibre-reinforced cements 280

ECOBA 397-8
Economic radius 382
Elasticity, concrete 102
Elastomers 319-26
Electrostatic precipitator (ESP) 179
ash flow 12
Electrostatic separation, pulverised fuel
ash (PFA), loss on ignition (LOI)
reduction 147-9, 148
EMAS 405-6
EMS certification 406
Energy Power Resources Ltd 51
Energy requirements, brickmaking using
pulverised fuel ash (PFA) 121-3
Entrained flow gasification 75-6
Environmental Acceptance Schemes
398403
Environmental Product Declaration
(EPD) 406-8
comparison of schemes 409-10
Environmental quality
definition 13940
fire-resistant materials 307
pulverised fuel ash (PFA), overview
1524
see also Sustainability
Epoxy resins 333
European Standards
leaching 157-160
pulverised fuel ash (PFA)
in concrete 142, 143
for concrete  96-7
for concrete, EN  209-10
environmental 1524
European Union
combustion ash production 3
Environmental Product Declaration
(EPD) schemes 407
guidelines, air quality 185-6
landfill directive 90, 92
leaching tests 157-8
legislation 389-90
reuse rates 4
Exposure, of public to aerosols 185
Extrusion rate, polypropylene 330
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Fabrics, from glass fibre 267-8
Fertiliser, containing pulverised fuel ash
(PFA) 934
Fibrowatt 51
Fill (highway) 110-111
Fillers
paint 317-19
polymer 317, 322-3
grades 202
in polyester resins 331-3
in PVC {polyvinyl chloride) 326-7
rubber 323-6
and elasticity 325
surface reactivity 321
and tensile strength 324
Finland, Environmental Product
Declaration (EPD) schemes 407
Fire, definition 290
Fire-resistant materials 290-309
calcium silicate 2924
case studies 301-8
coatings 295, 301
panels and boards 296-9
plastics  300-1
Flotation, loss-on-ignition (LOI)
reduction, pulverised fuel ash (PFA)
149-50
Flue gas treatment, zeolites in 256-7
Fluid properties, fly ash grout 106-7
Fluidised bed combustion (FBC) 4,
33-8
exclusion of residues from
specifications 386
Fluidised bed gasification 76
Fly ash
categorisation 12, 13
coal, from stokers 31
from co-combustion 99
in concrete, properties 99-100
and grouting 106-9
in highway fill applications
reactivity 98

110-111

specifications, for concrete 95
see also Pulverised fuel ash (PFA)
Fly ash bound mixtures (FABM)
111-12
Fly ash carbon
activation 360
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Fly ash carbon (Continued)
definition 355
types 357-9
Fly dust, definition 12, 13
Foams, fire-resistant 299-300
Food processing waste 67
Foot cake 52, 54
Forestry, biomass 47
France
Environmental Product Declaration
(EPD) schemes 407
prospects for ash utilisation 394
Frost resistance
concrete  104-5
with cement kiln dust (CKD)
215-16
Furnace bottom ash (FBA) 11
elemental composition by country
24-5

Gallium, removal from pulverised fuel
ash (PFA) 3734
Gasification 75-8
process 75-6
Gasifier slag  76-7
availability 286
cement production 276-8
Geopolymers
characterisation 341-2
physical properties 342-3
microstructure 345-6
structure 33940
synthesis  340-2
Germanium, extraction from pulverised
fuel ash (PFA) 374-5
Germany
Environmental Product Declaration
(EPD) schemes 407
leaching tests 159
specifications and standards 385-¢
Glass fibre
applications 269-72
cost estimations 272-3,273
glass polyalkenoate cements as matrix
280
overview 261-2
raw materials 262
waste-based, production 263-6, 264
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Grade (of coal), definition 6
Granulite 120-1
Grinding, pulverised fuel ash (PFA) 152
Groundwater, and pulverised fuel ash
(PFA) 90
Grouting, and fly ash 106-9
Gypsum 298
from fluidised bed combustion 33

Hanford disposal operation 113-135
Hard coal, definition 7
Haydite 295
Health and safety
aerosols
of general public 185-8
occupational 182-5
chromium 189-90
legislation 408
novel products 387
organic compounds 190-1
quartz 188-9
radiation 190
standards 408
Heavy clayware, see Clayware
Heavy fuel oil 72
vanadium removal 371-2
Heavy metals, see Metals
Heavy-weathering piers 126, 127
Homogeneity
pulverised fuel ash (PFA) 141
and blending 227-8
and brick properties 224-6
see also Quality
Hydration reactions, in concrete 100

Incinerated sewage sludge ash (ISSA), see
Sewage sludge
Incineration, tyres 67
Indonesia
furnace bottom ash composition
24-5
pulverised fuel ash composition 26-7
Industrial minerals 199-200
by use 201
Inhalation 181
Integrated Product Policy {IPP) 4014,
415
benefits 412-14
case study 411-16
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International system, coal classification
7,8
Ion exchange, using zeolites 253-6
Iron
in coal, and geographical origin 10
in gasifier slag 76-7

magnetic removal 151

Japan
prospects for ash utilisation 394
specifications and standards 386

Kaolinite
in geopolymeric cement 351
as rubber filler 323-6
KEMA, co-combustion tests 39—42
KEMA 3D MODEL® 186
KEMA TRACE MODEL® 18-23, 19,
145
and biomass co-combustion 3843

Lagoon ash
in concrete 211-12
in highway fill applications
110-111
Lagoons 87, 88
Laing Research and Development Ltd
117
Landfill
costs 383
EU legislation 389
food waste 68
incinerated sewage sludge ash (ISSA)
90-1
pulverised fuel ash (PFA) 86-9
and refuse-derived fuel (RDF)
incinerator fly ash disposal 61
taxes 391
Landscaping, using pulverised fuel ash
(PFA) 90
Leaching
European Standards 157-160
forced 164-6
in gastrointestinal tract 181
from geopolymer matrices 348-9
incinerated sewage sludge ash (ISSA),
from bricks 2324
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limits, pulverised fuel ash (PFA)
products, the Netherlands 155
pulverised fuel ash (PFA) 156
from pulverised fuel ash (PFA)
during metal extraction 374-6
overview 1634
removal mechanisms
forced leaching 164-6
with water 166-8
removal with extraction agents
168-72
supercritical fluid extraction
1724
tests 157-61
standards 154-7
tests 157-61
comparison with field observations
161-3
Lead, relative enrichment, and specific
surface 18
Legislation
Environmental Product Declaration
406-408, 407
novel products  387-90
see also Standards
Life Cycle Analysis (LCA) 404
Lime
and coal combustion 144
conversion into calcite 151
in pulverised fuel ash (PFA) 96
Lobbying 387
Loss on ignition {LOI)
fly ash 97
monitoring during combustion 145
pulverised fuel ash (PFA), reduction
147-50
see also Unburned carbon
Lysimeters, leaching 161-2
Lytag 117-19, 119

Macro defect free cements (MDF)
278-9

Magnesium, in fire-resistant board
297-8

Magnetic separation 151

Manual of Contract Documents for
Highway Works 111, 112

Manure, co-combustion with coal 44-5
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Mercury, capture using unburned carbon
362-3
Metals
capture and immobilisation
using geopolymers 347-9
using unburned carbon 362-3
carcinogenicity 182
concentration in auto shredder residue

(ASR) 47
elements
aluminium
cxtraction from pulverised fuel
ash (PFA) 375-6
in geopolymers, and strength
344

relative enrichment, and specific
surface 16
boron 92
cadmium, treatment using zeolites
256-7
gallium 3734
germanium  374-5
iron 10
magnetic removal from ash 151
lead 18
mercury 362-3
nickel 371
selenijum 15, 167
vanadium 369-73
extraction 369-73
in incinerated sewage sludge ash
(ISSA), and brickmaking 2334
leaching, see Leaching
removal 1634
by forced leaching 164-6
with other extraction agents
168-72
with water 166-8
in sewage sludge 63
Threshold Limited Values 183
treatment, using zeolites 254-6, 255
Methane 44
Micro-encapsulation/containerisation
{m/c) 115-1¢
Microwave Carbon Burnout (MCB)
process 147
Molecular sieves, zeolite 256~7
Municipal solid waste (MSW)
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in brickmaking 234-6

co-combustion with coal 45
and plastics 46-7

composition, ash 235

in concrete 216-18

definitions 59-60

landfilling 91-2

residues 69-71

the Nethcrlands
coal power station design 12
environmental policy 154
Environmental Product Declaration
(EPD} schemes 407
leaching tests 160
prospects for ash utilisation 394
specifications and standards 142-3,
386
Nickel, electrodeposition, and vanadium
371
Nitrogen content, petroleum coke 63
No Effect Level, coal dust 185
Norway, prospects for ash utilisation
394
Novel products, customer acceptance
393-8

Oil mill cake 52, 54
Oil shale 73-5
Olive oil waste 52-4
composition 54
Organic compounds, health and safety
190-1
Organisational Health and Safety
Standard (OHSAS) 408
Orimulsion® ash  71-2
in plastics 301
removal of vanadium 369-73, 370,
371
and SERVO process 177

Paints
fire-retardant  300-1
with pulverised fuel ash (PFA) filler
317-19
Panels, fire-resistant 296-7, 298,
301
Paper waste 67
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Particles
aerosols, sources 179-80
and air quality 1524
metal distribution 1634
shape
filler, rubbers 320
sphericity, and polymer filling
applications 316
size
aerosols 178
coal,and elemental composition 17
and concrete strength  209-10, 210
discrimination 146-7
distribution, pulverised fuel ash
(PFA) 23-9, 28
fillers, rubber 320, 326
municipal solid waste (MSW) ash
59
performance in paint 317-18
segregation 224-7
silica fume 213-15
and Stokes diameter 28
from UK power plant 225
unburned carbon 358
types, unburned carbon 357, 358-9
Pavements 111-12
Peat, ash composition 56-7
Permeability
concrete 103
containing silica fume 213
Peterborough 89
Petroleum coke 62-3
and carbon artefacts 365
PFA, see Pulverised fuel ash
pH
fly ash, and toxic waste control 112
pulverised fuel ash (PFA), and paint
formulation 318
sewage sludge 64
Phosphorous, in pulverised fuel ash
(PFA) 187
Plant design
municipal solid waste (MSW)
61
poultry litter combustion 50
Plasfill polymer fillers 317
in polyester resins 331-3
in PVC (polyvinyl chloride)

59-1,

326-7
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in rubber 322-3
Plastics 69
co-combustion
with coal and municipal solid waste
(MSW)  46-7
with coal 46
containing glass fibre
fire-retardant  300-1
Pneumatic transport, pulverised fuel ash
(PFA) 149
Poland
electricity from coal 5
furnace bottom ash composition
24-5
pulverised fuel ash (PFA) composition
26-7
Pollution, groundwater, by pulverised
fuel ash (PFA) 90
Polycyclic aromatic hydrocarbons (PAH)
191
Polyethylene and polypropylene
328-31
energy content 69
Polymers
aluminosilicate, see Geopolymers

266-9

epoxy resins 333

fillers
grades 202
properties 316-17
specifications 334
as fuel 45-7

glass fibre composites 29
overview 315-16
polyethylene and polypropylenes 69,
328-31
polyurethane 333
rubbers 319
Polyurethane 333
Polyvinyl chloride (PVC)
Pore size
and thermal conductivity 290, 292-3
unburned carbon 355
and activation 361
Portland Cement
carbon dioxide emissions from
manufacture 105
see also Concrete
Poultry litter 50-1

326-8
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Poz-O-Tec process 115
Product Category Rule (PCR)
4034
Production, glass fibre 269-70
Pruett-Schaffer paints 318-19
Pulp 67-8
Pulverised coal firing 10-11
Pulverised fuel ash (PFA) 11
applications
in aggregate 117-19, 120-1
in agriculture 924
in cement, see Cement
in ceramics  121-3
in concrete, see Concrete
in fire-resistant building materials
296-9
in glass fibre production 263-6,
264
as polymer filler 202
epoxy resin 333
categorisation, for concrete 96-7
composition 11-15, 21
by country 26-7
variability, and commercial
brickmaking 126
for zeolite production 244-5
conditioning 87, 211-12
definition 13
European Standards 209-10
as geopolymer source material
homogeneity, and brickmaking
224-5
landfilling 86-9
lime content 96
physical characteristics
classification 146-7
particle size distribution 28, 29
quality standards 142
surface reactivity, and rubber 321
Threshold Limited Values 182-5,
1834
and toxic waste control
112-15
upgrading 226-7
relative enrichment, class II elements
17
world production 86
and zeolite synthesis 242-253

343-4

INDEX
Quality
environmental, see Environmental
quality

pulverised fuel ash (PFA)
for bricks, and stockpiling 227-8
classification 146-7
consistency 144-7
of residues, overview 139-41
standards, pulverised fuel ash (PFA),
for novel applications 202-5
technical 139, 141-4, 146-52
Quartz 188-9

Radiation, health and safety 190
Rank (of coal) 6-7

ash chemistry and mineral content

9-10

Rapid repair materials
Reactivity, fly ash 98
Refuse-derived fuel (RDF)
Regulation, EMAS 408
Relative enrichment (RE) factor
Rendering 237
Residues, miscellaneous 236
Rubber 319-26

279-80
45, 61-2

15, 16

Salts, in geopolymer matrices 348-9
Sandwich panels 296-7
Secondary industrial minerals, definition
200
Selenium, concentration in coal,
Netherlands 15
Separation Technologies, Inc
SERVO process 175-7
Sewage sludge 63-5
ash composition compared with brick
clay 233
in brickmaking 232-4
co-combustion with coal 45-6
in concrete 216-18, 218
Shrinkage, concrete 102-3
Sialates 339-40, 340
SILEX process 242, 248-51
Silica

150-1

extraction from pulverised fuel ash
(PFA) 248-51
in geopolymers
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strength 344
synthesis 3434
Silica fume, in concrete 213-15
Silo-blending 149
Sintering, ceramics 292
Slag
gasifier 76
availability 286
cement production 276-8
from Drayton 284-§
as industrial mineral 200-1
wet-bottom riser 33
Slag-tap boiler 31
Soft-mud moulding, brickmaking 230
Soil, load values, pulverised fuel ash
(PFA) leaching 156
Solidification, toxic waste 113-~1§
Sorel cement 297
South Africa
electricity from coal §
furnace bottom ash composition
24-5
pulverised fuel ash (PFA) composition
26-7
Spain, prospects for ash utilisation 394
Specifications
by country 385-6
for novel applications 202-5, 203,

384-7
polymers containing pulverised fuel
ash (PFA) 334

Stabilisation, of toxic waste 112-15,
115-16
Stakeholders 404
Standards
British, see British Standards
by country 385-6
Environmental Product Declaration
406
European, see European Standards
grouting 106
1SO 9001 405
ISO 14001 405-6
Life Cycle Analysis (LCA) 404
novel applications 384-7
Organisational Health and Safety
Standard (OHSAS) 408
pulverised fuel ash (PFA)
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in concrete 142
for novel products 202-§
sustainability 400
Stockpiling, pulverised fuel ash (PFA)
87-8,227-8
Stokers 29-31, 30
Stokes diameter, and particle size 28
Straw 49, 50
Strength
concrete 101, 102
geopolymer, and water content
344
glass fibre-reinforced 271
and PFA particle size 209-10, 210
with silica fume 213
with waste ash 216-18, 217, 218
fly ash grout 108-9
geopolymers 344
concrete 347
polymers, polyethylene and
polypropylene 329
rubber, and fillers 323-6, 324, 325
Sulfates
and concrete 104
in fly ash in grout 109
in pulverised fuel ash (PFA) 97
Sulfides, in coal, removal 145
Sulfur
in petroleum coke 62
in wood 59
Supercritical fluid extraction (SFE)
1724
Sustainabilitcy 398-401
Integrated Product Policy (IPP)
4014
standards 400
see also Environmental quality
Sweden
Environmental Product Declaration
(EPD) schemes 407
prospects for ash utilisation 395

Taxes 390-2
Technical quality
definition 139
pulverised fuel ash (PFA)
improvement 146-52
requirements 141-4
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Theophratus 5
Thermal insulation material, definition
290
Thermal properties, fire-resistant
materials 304-7
Threshold Limited Values
182-3
quartz 188-9
Timtherm 294
Toxic waste treatment
and pulverised fuel ash (PFA)
using geopolymers 349
using zeolites 253—4
Transportation
costs 382
fly ash grout 107-8
and legislation 389-90
Tuff 351
Type (of coal), definition 6
Tyres (automotive) 65-7

aerosols

112-16

UK Building Research Establishment
117
Unburned carbon
activation 360
definition 355
types 357-9
see also Loss on ignition (LOI)
United Kingdom
environmental agencies 154
Environmental Product Declaration
(EPD) schemes 407
prospects for ash utilisation 395
reuse rate 4
specifications and standards 386
USA
air quality legislation 185-6
furnace bottom ash composition
24-5
leaching tests 157
market 396
pulverised fuel ash (PFA) composition
26-7
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quality standards, pulverised fuel ash
(PFA) in concrete 1434

reuse rate 3—4

sewage sludge incinerators 63

Vacuum extrusion brickmaking 229-30
Vanadium, removal from ashes 369-73
Vermiculite, in fireproof panels 302-3

Waste-based reinforcing materials
{(WBRM), see Glass fibre
Water
conditioning of pulverised fuel ash
(PFA) 211-12
and forced mertal leaching 166-8
in geopolymer concrete 344
in geopolymer synthesis 344-345
treatment, using zeolites 253-4
Water requirement, fly ash 98
Wood
ash composition 55, 56-7
bark 58
co-combustion with coal 434
World production
coal §
paint 317

Xonotlite 293-394

Zeolites
applications  253-7
microstructure, compared with
geopolymers 345-6

overview 240-2

pulverised fuel ash (PFA) 240
type 243-6

pure 248

synthesis
by direct conversion 242-8
pulverised fuel ash (PFA)

requirements 251-3, 252
by SILEX process 248-51
and water treatment 2534
ZeoTech Concrete 100, 346-7





