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Motivation: Decline in supply of fly ash necessitates studying 
and deploying non-traditional pozzolans 

Source: ACAA

One new source is high SO3 coal ash (fresh or harvested)
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Currently, ASTM C618 does not allow use of fly ash with 
SO3 > 5.0%
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Where does SO3 in fly ash come from? 
What forms of SO3 may be present in fly ash?

ÅPyrite, gypsum, and organic 
sulfur in coal

ÅWet FGD Ą scrubber sludge 
(CaSO3)

ÅDry FGD ĄCaSO3 or NaSO4 

particles

ÅFBC boilers ĄCaSO4  particles

ÅSorbent residue may be also 
present in fly ash: CaCO3, 
Na2CO3, trona

www.uky.edu/KGS/coal/coal-for-combustionbyproducts.php

http://www.uky.edu/KGS/coal/coal-for-combustionbyproducts.php
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We tested 4 real high SO3 fly ashes, plus
an in-spec ash doped with various forms of SO3 up to 11%wt.

Property
ASTM C618 

limits

HSFA1 ς

CaSO3

HSFA2 ς

CaSO3
FBC ςCaSO4

TFA ς

Na2SO4

Spec. fly ash 

(CFA)

SiO2+Al2O3+Fe2O3

(wt%)
Min 50.0% 49.2% 48.3% 68.6% 51.0% 88.0%

CaO(wt%) CҖмуΦл҈ғ/25.5% (C) 27.2% (C) 14.4% (F) 25.4% (C) 3.4% (F)

SO3 (wt%) Max 5.0% 13.3% 11.8% 8.0% 6.1% 0.8%

Na2Oeq (wt%) Max 4.0% 1.4% 1.3% 1.7% 6.5% 1.4%

LOI (wt%) Max 6.0% 2.6% 2.3% 3.4% 2.6% 2.3%

Fineness (%) Max 34% 7.5% 9.4% 32.7% 14.8% 23.1%

SAI 7-day Either one

җ тр҈

96% 85% 86% 75% 75%

SAI 28-day 97% 99% 91% 75% 79%

Water req. (%) Max 105% 100% 98% 107.4% 100% 100%
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QXRD of the four high SO3 fly ashes
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QXRD of the four high SO3 fly ashes

49.6%

23.9%

13.0%
5.0%

4.1%

2.4%

2.2%

FBC Amorphous + others

Quartz (SiOϜ)

Anhydrite (CaSOϞ)

Muscovite 
(KϚ.ϡϡAlϛ.ϣϝ(AlϚ.ϟSiϝ.ϟOϛϚ)(OH)Ϝ
Hematite (FeϜOϝ)

Lime (CaO)

Albite (NaAlSiϝOϢ)

63.2%

20.7%

6.7%
3.4%

3.2%

1.5%

1.3%

HSFA1 Amorphous + others

Hannebachite (CaSOϝ.0.5HϜO)

Quartz (SiOϜ)

Srebrodolskite (CaϜFeϜOϟ)

Magnesium Silicate (MgSiOϝ)

Mayenite (CaϛϜAlϛϞOϝϝ)

Periclase (MgO)

62.5%

17.1%

7.9%

4.8%

4.5%

1.9%

1.2%

HSFA2 Amorphous + others

Hannebachite (CaSOϝ.0.5HϜO)

Quartz (SiOϜ)

Calcite (CaCOϝ)

Merwinite (CaϝMg(SiOϞ)Ϝ)

Mayenite (CaϛϜAlϛϞOϝϝ)

Periclase (MgO)

64.6%

11.1%

9.6%

6.5%

3.1%

2.2%

2.0%

0.8%

TFA Amorphous + others

Burkeite (NaϞ(COϝ)Ϛ.ϟϟ(SOϞ)ϛ.Ϟϟ)

Merwinite (CaϝMg(SiOϞ)Ϝ)

Quartz (SiOϜ)

Sodium sulfate (NaϜSOϞ)

Gehlenite (CaϜAlϜSiOϡ)

Periclase (MgO)

Lime (CaO)
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Next, we evaluated the performance of pastes and mortars 
with 20% fly ash as OPC repl.

Pore fluid extraction and 

ICP-AES/titration/C114
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Performance of pastes and mortars with 20% fly ash as OPC 
repl. ςTable reports impact vs. Ctr fly ash

Material
Vicat Setting 

time

Pore fluid 

pH

Mortar 

Flow

Flow 

retention

Strength 

(early ï1d)

Strength 

(later ï91d)

Exp. lime 

water

Ctr ash doped 

w/ CaSO4

Minimal NA Minimal Minimal
Slight 

Reduction
Minimal

High 

Ó11%SO3

Ctr ash doped  

CaSO4.2H2O
Minimal NA Minimal Minimal

Slight 

Reduction
Minimal

High 

Ó11%SO3

FBC fly ash Retards (1.5x) NA Reduces Minimal Minimal Minimal
Increase but 

meets limit

Ctr ash doped  

CaSO3.½H2O

Slightly retards 

(SO3Ó 9%)
NA Minimal Minimal

Slight 

Reduction
Minimal

Small 

increaseHSFA1 & 

HSFA2

Significant 

delay (3x)
NA Minimal Increases

Slight 

reduction
Minimal

Ctr ash doped 

w/ Na2SO4

Accelerates
Significant 

increase
Minimal Minimal Increases Reduces

Small 

increase
TFA Flash setting

Significant 

increase
Minimal

Rapid 

loss
Increases Reduces
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FBC Fly Ash (contains CaSO4)

ÅNote the particle shape and 
internal porosity of fly ash

ÅModestly retards setting

ÅCauses expansion in 
hardened mortar (DEF)
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FBC fly ash supplies CaSO4 which delays C3A hydration 
and forms ettringite causing expansion
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Fly ash containing CaSO3

Material
Vicat Setting 

time

Pore fluid 

pH
Flow

Flow 

retention

Strength 

(early ï1d)

Strength 

(later ï91d)

Exp. lime 

water

Ctr ash doped  

CaSO3.½H2O

Slightly retards 

(SO3Ó 9%)
NA Minimal Minimal

Slight 

Reduction
Minimal

Small 

increaseHSFA1 & 

HSFA2

Significant 

delay (3x)
NA Minimal Increases

Slight 

reduction
Minimal
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CaSO3 initial and final setting by >4hrs. 
Accelerators can help.
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CaSO3 delays both C3S and C3A hydration.
Cumulative heat (and strength) cross over at ~3 days.

C3S

C3A

C4AF
AFtĄcAFm


