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Overview /Attekintés

* Changing Situation with Coal Combustion/Fly Ash
Uj helyzet a széner6mdvek / pernye terén

* Wet Storage Effects on Fly Ash Properties
Szabadtéri (nedves) tarolas hatasa a pernye tulajdonsagaira

* Wet Stored Fly Ash Concrete
Nedvesen tarolt pernyébdl készult beton

* Processing and Use of Wet Stored Fly Ash
Nedvesen tarolt pernye feldolgozasa és alkalmazasa

- Laboratory Scale / Laboratériumi kisérletek
- Benchtop/Pilot Scale / FéllGizemi kisérletek
« Summary / Osszefoglalds
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Changing Situation with Coal Combustion/FlyAsh
Uj helyzet a szénerémlivek / pernye terén

* Decarbonization roadmaps with energy-intensive sectors developed (published in
2015). CO, kivezetési tervek az energiaigényes iparokbdl

* In the cement industry this referred to the substitution of clinker with alternative
materials, including fly ash. A cementiparban a klinker kivaltasat célozzak pl. pernye
hozzaadasaval

* In November 2015, plans were announced to close all coal-fired power stations by
2025. Hamarosan minden széner6m¢ leall a UK-ban (Skéciaban mar 2016 6ta nincs)

* This process is on-going with implications for fly ash supply.
A zajlo folyamatok kihatnak a pernye beszerzési lehet6ségeire, forrasaira

Sources: Departments for Energy and Climate Change/Business, Innovation and Skills (2015) and
Business, Energy and Industrial Strategy (2017)
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Coal Use and ElectricityGeneration/ Szén az energiatermelésben

Typical coal levels used from 2000 to 2011 Share of reneyable electricity in
were around 50 Mt per annum e
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Changing Sources of FIlyAsh/ Pernye szarmazasi megoszlasa

2012: 6 Mt Produced: 3 Mt Consumed; 3 Mt Stockpiled

—

Imported  produyced

d
Imported Produced Behozatal  ppergiatermelés
2019 2020 '
Produced Stockpile SockPre

Készletek

4 |mporte

2017

Stockpile

Total Used: 1.75 Mt Total Used: 1.48 Mt Total Used: 1.11 Mt
Felhasznalds mindharom
forrasbodl 6sszesen

Source: Cooke, UKQAA (2023)
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Fly Ash Uses irConstruction / Pernyefelhasznalas

e Cement and Concrete / Cement és beton

Well established use offering several benefits to concrete.
JOl ismert anyagrendszer, szamos el6nyos tulajdonsaggal

e Autoclaved Aerated Blocks / Gazbeton

Lightweight precast concrete units, with fly ash used as a siliceous component.
Konny( el6regyartott elemek, melyekben a pernye a szilikatos adalék

» Cementitious Grouts / Onteriil habarcsok

Applications include ground stabilization, filling of old mine shafts. Used with Portland
cement at relatively high levels. Nagy pernyetartalmu térkitoltd és stabilizalo keverékek

e Cement Kiln Feed / Cementgyartasi nyersanyag

Used as raw kiln feed in Portland cement manufacture.
Klinkergyartas soran szilikatos komponensként adagolva a kemencébe
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Options for Sourcing FlyAsh/ Pernyeforrasok

* Importing fly ash could serve as an alternative to dry material. Quantities are
currently low. Import pernye (pl. lengyel, indiai), egyel6re kis mennyiség

* Change engineering specifications so PC/fly ash blends / concretes are used
to meet technical performance requirements. Megfelel6ségi kritériumok
atgondolasa, ahol az anyag még igy is kielégit6 betont eredmeényez

* Use of fly ash from wet storage areas. The UK Quality Ash Association
estimate that there are 100 Mt of fly ash accessible for recovery.
Pernye kitermelése szabadtéri nedves tarolokbol; az Egyesult Kiralysag
Pernyeszovetsege 100 Mt készletet tart szamon.

Sources: Department for Business Energy and Industrial Strategy (2017) and Cooke, UKQAA (2023)
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Characteristics of Wet Stored Fly Ash (Physical/Chemical
Kultéri tarolasu pernye tulajdonsagai

. . Wet Stored Fly Ash / Szabadtéri (nedves) tarolasu pernye
roperty

Stockpile — Range of 45 Samples (Mean) Lagoon — Range of 34 Samples (Mean)

Physical and Loss-on-ignition (LOI)

31.1-42.4(36.7) 12.0 - 61.9 (39.8)
27.4 —43.6 (34.8) 13.4 —100.5 (43.7)
LOI / izz. veszt. 11.2 —25.4 (15.3) 3.8-20.2(8.2)

Chemical Composition
Cao 1.2-3.5(2.2) 2.0-4.3(2.7)
35.8 -45.8 (40.4) 40.0 - 52.5(47.4)

19.5 — 23.6 (21.5) 24.3-31.4(28.5)
5.3-8.5(6.7) 3.3-6.8(4.9)
1.7-3.1(2.6) 0.7-1.6 (1.1)
0.3-2.0(0.6) 0.3-3.8(1.1)
0.2-1.8(0.7) 0.2-1.2 (0.6)
0.0-3.0(0.3) 0.4-6.4(1.8)

1Percent unless indicated otherwise

2 Percent retained on a 45 pum sieve / 45 um vizes szitadlas maradéka Source: McCa rthy et al. (2013)

3 Median particle size
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Laboratériumi szaraz és nedvesen tarolt pernye tulajdonsagai

Stockpile Fly
Ash
SFA1 - SFA8
Range

Dry & Laboratory Wet Stored Fly Ash?! / Szaraz és laborpernye!
Property? DFA1

DFA1 DFA3 DFA3 DFAS DFA5
730d 730d 730d

Physical and LOI

33.9 59.2 5.7 45.6 18.4 36.4 41.1-63.2
dg,?, pm 39.4 45.1 4.3 32.0 23.9 29.7 28.3-43.9

LOI 8.3 9.3 5.6 5.9 13.6 13.4 3.5-15.9
Chemical Composition
4.5 5.4 3.1 3.4 2.2 2.1 2.1-4.4
m 47.9 46.3 50.1 49.2 41.3 40.1 41.2-51.2
m 20.3 20.1 22.4 22.9 23.4 22.2 19.5-25.2
m 7.4 7.7 7.6 7.2 6.7 5.8 5.8-9.4
_ 2.2 2.1 2.5 2.8 2.3 1.6 1.7-2.8
m 1.5 1.1 1.7 1.3 0.7 0.6 0.7-1.1
_ 1.8 1.7 1.2 1.3 2.0 2.2 0.8-2.3

110% moisture, 730 d sealed storage in the laboratory at 20°C / Egyes mintak 2 évig tarolva a laborban 10% nedvességet hozzdadva 20°C-on
2 Percent unless indicated otherwise

3 Percent retained on a 45 pm sieve (Dry fly ash tested to EN 450-1 (EN 451-2), wet stored fly ash - mean of 6 tests)

4Median particle size Source: McCarthy et al. (2023a)

180 d Lab. Stored
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Characteristics of Laboratory Wet Stored FlyAsh/ Laborpernye
(Water Requirement/Reactivity)/ Vizigeny és aktivitas
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Dry Lab stored 180 d

Laboratory storage conditions: 10% moisture/sealed at 20°C
Laboratoriumi szimulalt nedves tarolasi koriilmények: 10% vizzel, zart zsakban 20°C-on

@ Sourcing of fly ash and its effect on durability o€oncrete, 5 February 2024Budapest, /ib Hungarian Group / BME Faculty of Civil Engineering



Water Requirement, %

Characteristics of Stockpile Stored FlyAsh/ Kultéri pernye
(Water Requirement/Reactivity)/ Vizigeny ésaktivitas
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Laboratory Wet Stored Fly AshConcrete / Laborpernye beton
(Fresh Properties/Strength)/ Roskadas, nyomoszilardsag
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DFA1

Range for 6 stockpile
fly ashes at 90 days

Range for 6 stockpile
] ashes at 28 days

DFA3

DFA5

Dry

730 d wet stored in
laboratory

Laboratory storage conditions: 10% moisture/sealed at 20°C

Concrete Mix (w/c = 0.53)

Portland cement — 350 kg/m3
Water — 184 |/m3

10/20 — 790 kg/m?3

4/10 — 395 kg/m3

0/4 — 640 kg/m3

(Gravel 20 mm max. size/
local sand aggregate)

Fly Ash in Cement — 30%
30% pernye a kotéanyagban
Target slump — S3

Célzott roskadasi osztaly — S3
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Processing of Stockpile Fly Ash in thd.aboratory
Kultéri tarolasu pernye laboratériumi feldolgozasi médjai

* Screened (sieved at 600 and 63 pum). Szitalas 600 és 63 um szitan
 Ball milled with different loads/for various periods of time. Golydsmalom
* Thermally (heat) treated in a furnace at 500°C for 1 hour. H6kezelés

In some cases, screening at 600 um was used before applying the other
methods. Egyes esetekben a 600 um-en szitdlt anyagot 6roltiik / h6kezeltiik
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Processing of Stockpile Fly Ash in thd.aboratory / Kultéri pernye
(Physical/Chemical Propertieg/ Feldolgozas utani tulajdonsagok

Sieving! / Szitalas? Grinding? / Orlés? Heat Treated? / H6kezelés3
Property*

SFA1 SFA1 SFA1 SFA2 SFA2 <600 um SFA4 SFA4 < 600 um
<600 pm <63 um <600 pum 120 mins BM <600 um 500°C 60 mins

Physical and LOI / Szemcseméret és izzitasi maradék
Fineness®  [NCER: 52.7 8.5 36.0 0.8 40.5 31.9
31.2 31.5 25.3 37.3 5.0 30.0 25.4
LOI 9.7 9.8 8.9 9.2 9.7 16.3 11.8
Chemical Composition / Oxidos 6sszetétel

Cao 4.4 5.1 5.0 2.5 2.6 2.0 1.9

m 44.3 42.7 46.4 47.0 49.4 42.9 44.9
m 21.8 20.9 23.0 25.0 24.8 23.3 24.4
(Fe,0,  [EEXY 8.8 9.3 8.6 9.4 7.6 8.0
m 2.0 2.0 2.3 2.5 2.5 2.1 2.1
m 0.8 0.9 0.8 0.9 0.9 1.0 0.7
m 1.6 1.9 1.6 1.0 1.3 1.0 0.9

1< 600 um, < 63 um passed through sieve size indicated (finer fraction tested), 2Passed through sieve size indicated and finer fraction balled milled (BM) for 120 minutes,
3passed through sieve size indicated and finer fraction heat treated for 60 minutes at 500°C, 4Percent unless noted otherwise,
5Percent retained on a 45 pum sieve (Processed fly ash tested to EN 450-1 (EN 451-2), stockpile fly ash - mean of 6 tests), ® Median particle size
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Processing of Stockpile Fly Ash in the.aboratory / Kultéri pernye
(Water Requirement/Activity Index)/ Vizigeny, aktivitasi index
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Reference Mortar Mix
Portland cement—450 g
Water —225¢g

Standard sand —1350 g

Fly Ash Mortar Mixes

As above except

Water Requirement —

30% fly ash in cement and
variable water for equal flow
30% pernye és valtozé meny-
nyiségl viz azonos folydssaghoz

Activity Index — 25% fly ash in
cement / Aktivitasi indexhez
25% pernyével a kot6anyagban
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Characteristics of Laboratory/Stockpile Fly Ash (Airentrainment)
Pernyeés habarcsok légporustartalma és a pernyék adszorpcioja

15 300
-8-DFA1 ——-DFA3
DFA3
1 | 250 -
oS [
9] > 200
© >
= DEAT SFA2 =
2 91 DFA5 SFA? 2
IS DFA3 < 150 -
g 5
£ 6 DFA SFA4 €
o) E 100 -
= 2 Air content - mortar
3 - 50 \
e Vi
120 days wet (laboratory) storage 1 e
O T T 0 T T T T T
Dry 180 days wet  Stockpile 0 20 40 60 80 100 120
storage - , ,
Grinding Time, min
Reagent: Sodium dodecyl benzene sulfonate (SDBS), Reagent: SDBS, 0.01 mol/I
1 g in Standard mortar — (20% fly ash in cement) Variation in foam index with grinding

Foam index test

Laboratory storage conditions: 10% moisture/sealed at 20°C  Source: McCarthy et al. (2023b)
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Laboratory Processed Stockpile Fly AsiHConcrete / Kultéren
tarolt, de laboratériumban feldolgozott pernyés beton
(Fresh Properties/Strength)/ Friss tulajdonsagok, szilardsag

Median Particle
Size (d50), pm

Fly Ash/Processing

Szemcseméret

<600 um — fly ash passed through 600 um sieve before testing/ball milling, BMXX — Fly ash ball milled for XX mins

SP Admixture Dose
for S3 Slump,
% mass cement

Folyositdszer S3-hoz

0.56
0.58
0.41
0.43
0.37
0.68
0.71
0.36

Cube Strength, MPa
Nyomoszilardsag kockan

28d

31.5
32.5
37.5
40.0
40.0
33.0
33.5
41.0

<600 um — szitalt pernye, 600 pum-on athullott hanyad, BMXX — golyésmalommal 6rélve XX percig

90d

39.5
41.5
45.0
47.0
50.5
40.5
43.5
48.5

Concrete Mix (w/c = 0.53)
Portland Cement — 350 kg/m?3
Water — 184 |/m3

0/4 — 640 kg/m3

4/10 — 395 kg/m3

10/20 — 790 kg/m?3

(Gravel 20 mm max size/
local sand aggregate)

Fly Ash in Cement —30%
30% pernye a kot6anyagban
Target slump — S3

Célzott roskadasi osztaly — S3
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Pilot/Benchtop Scale Processing of Stockpile FIyAsh
Kultéri pernye feldolgozasa féluzemi méretekben

110 15 i o

OAI 90 d = M

X Fly Ash Fractions .

s 100 A - 13

> .
o ® WR SFAS8 - Stockpile
i g A (Unprocessed) o
% 90 - 119 ~
¢ | O T PFA2 - Dried/de- 5
e o = -
5@ 80 WAl 28d ..Du agglomerated . E
o o1 = . . B .
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qh) é . -.-.....o..-.....,‘.. n
ss T e YT . 05}
TES 70 1 eLOl ~gg PFA4-Micronized | 7 o
= - o PFA2

= PFA4  Toras —8  prA2(LC)PFA4(LC) -

E 60 - SFA8 Includes triboelectric | c

carbon removal
O LOI(LC)
PFA4(LC) PFA2(LC)
50 O T T m T T 3
0 10 20 30 40 50

o . Median Particle Size (dg), um
Al — Activity Index Aktivitasi index
WR — Water Requirement Vizigény

' Atritor Ltd - Processing Equipment
LOI — Loss on Ignition Izzitasi veszteség Source: McCarthy et al. (2022) / (2023a)
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Pilot/Benchtop Scale Processed Stockpile Fly Asioncrete
Féluzemi méretekben feldolgozott kultéri pernyés beton

6 60 Concrete Mix (w/c = 0.53)
g ] SFA8 .
£ . el Portland Cement — 350 kg/m?3

o
..; = Water — 184 I/m3
% 4 PF;AZ §40 0/4 — 640 kg/m?3
o | PRAZ.T : 4/10 - 395 kg/m?
§ 3L g% 10/20 — 790 kg/m?
o Y ;33 (Gravel 20 mm max size/
..g g 20 1 —+—SFA 8 0.53 wic local sand aggregate)
8 S —+—PFA 2 0.51 wic
é 11 = 100 © 0 % —PFA3 051wl Fly Ash in Cement — 30%
CD - . - oo 7”7
v PFA 4 0.49 wic 30% pernye a kdotGanyagban
0 . . . 0 | | | | | | Target slump — S3
0 20 40 60 80 14 28 42 56 70 84 Célzott roskadasi osztdly — S3

Fineness, 45 uym sieve retention % Test Age, days

Water Saving Concretes (Fixed SP dose)
Allandé folydsitdszer mennyiséggel
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Processed Lagoon/Stockpile Fly Ash Concret®urability
Kultéren tarolt pernyés beton tartéssaga kloriddifuziéval mérve

9.0 Concrete Mix (w/c - 0.53)
T 801 .
X Cement — 350 kg/m?
T 0] Water — 185 |/m3
§ 6.0 Fly Ash —30% in cement
%’ 50 30% pernye a kot6anyagban
o Target slump — 100 mm
S 407 Re=0.n Célzott roskadds 100 mm
% 3.01 Chloride diffusion
£ 50 : ggfer;er;ic;eved . Two compartment cell/
g | A Arolmssitiod e o Fick’s First Law Kloriddifuzié
8 1.0 ® Ground kétkamras elrendezésben,
0.0 - - - - - - Fick els6 torvénye szerint
0 10 20 30 40 50 60 70

1 stockpile and 2 lagoon

fly ashes tested

1 medd6hanyds és

2 zagytarolds pernye alapjan

Particles Less than 10 ym, %

Source: McCarthy et al. (2018)
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Summary/ Osszefoglalas

e With changes in electricity generation, alternative options for sourcing fly ash
for use in construction are required.
A széner6muvek leallasa miatt pernyét mashonnan kell beszerezni

* A possible route for this is the reserves of wet stored material from holding
areas (stockpiles, landfills). Pl. medd6éhanyokbol, zagytaroldkbol

* Material in these areas has often undergone changes with implications for
handling and meeting the requirements of Standards. Ezek a pernyék sokszor
csak feldolgozas utan felelnek meg a szabvanyoknak (pl. 6sszetapadt szemcsék)

* Consideration of the need for processing to increase fineness, reduce carbon
content and enhance reactivity may then be necessary. A szemcseméret
finomitasa, a széntartalom csokkentése és az aktivitas novelése szukseges
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Summary/ Osszefoglalas

* Processed fly ashes could meet the requirements of EN 450-1, including
fineness, loss-on-ignition and reactivity. A megfelel6en feldolgozott pernye
megfelelhet az EN 450-1 szabvanynak (szemcseméret, izz. veszt., aktivitas)

* |In concrete SP dose generally reduced with fly ash fineness, at least up to a
point by processing. Concrete strength generally improved with increased fly
ash fineness. Finomabb pernyéhez altalaban kevesebb folydsitoszer kellett és
a beton szilardsaga is javult

 Larger scale trials gave similar behaviour to that obtained in the laboratory.
A féelizemi kisérletek is alatamasztjak a laboratorium eredmeényeket

* |nitial durability tests (chloride diffusion) described, indicate that processing
can give improvements to this aspect of concrete performance. A pernye
feldolgozasa segit tomorebb, tartosabb betont késziteni (lasd Cl-diffuzio)
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Future Work andAcknowledgements / Tervek, koszonet

* Research into durability of recovered/processed fly ash covering key
physical and chemical aspects continues. A feldolgozott pernyés betonok
tartossagi javulasat tovabbi mérésekkel is igazoljuk majd

* Work has examined energy requirements for processing (Cooke, 2023) and
there are plans to take this further. A feldolgozas energiaigenyét is nézzik

* The use of recovered/processed fly ash in ternary blends for concrete is
also being considered. Tobbkomponens( betonokat is vizsgalunk majd

Thanks are given to the EPSRC and the UK Quality Ash Association and its members for supporting the research
described. Acknowledgement is given to Drs Robert Carroll and Nigel Cooke for their input during the project. The
contributions of Atritor Ltd and STET in processing material is also much appreciated.

Koszonet illeti a kutatas tamogatoit: Engineering and Physical Sciences Research Council, UK Quality Ash Association;
nagyra értékeljuk Dr Carroll és Dr Cooke szakmai tanacsait és az Atritor Ltd és STET cégek mintafeldolgozasi segitségét
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