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Motivation: Decline in supply of fly ash necessitates studyi
and deploying no#traditional pozzolans

Source: ACAA
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One new source Is high $S€»al ash (fresh or harvested)
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Currently, ASTM C618 does not allow use of fly ash witl

SQ> 5.0%

(&glw Designation: C618 - 22

1u_||

INTERNATIONAL

Standard Specification for
Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use

in Concrete’

TABLE 1 Chemical Requirements

Class
N F C
Silicon dioxide (SiO,) plus aluminum oxide (Al,O5) plus iron oxide (Fe,05), 70.0 50.0 50.0
min, %
Calcium oxide (CaQ), % report only B-0ugax. 8.0
Sulfur trioxide (SO4), max, % 4.0 @ @
Moisture content, max, % 3.0 30 3t
Loss on ignition, max, % 10.0 6.0 6.0

AThe use of Class F pozzolan containing up to 12.0 % loss on ignition may be approved by the user if either acceptable performance records or laboratory test results

are made available.
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Where does SOn fly ash come from?
What forms of SOmay be present in fly ash?

A Pyrite, gypsum, and organic
sulfurin coal

A Wet FGDA scrubber sludge
(CaSQ

A Dry FGD} CaSQor NaSQ
particles

A FBC boilerg, CaSQparticles

A Sorbent residue may be also
present in fly ash: CaGO
Na,CQ, trona

—* Emissions (H,0, CO,, and much reduced SO,, NOx, Pm)
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Solid wastes
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(Scrubber sludge

Boiler

Coal  crushing-
pulverizing

synthetic gypsum)

Water Condensor

Solid wastes
(Bottom ash,
boiler slag”)

www.uky.edu/KGS/coal/codbr-combustionbyproducts.phj
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http://www.uky.edu/KGS/coal/coal-for-combustionbyproducts.php

We tested 4 real high S@y ashes, plus
an inspec ash doped with various forms of ;30 to 11%wt.

Property ﬁri:/' 618 FBC CaSQ (S(?Fei) fly ash
(SV\'/%;;)AEOS’LF%O?’ Min 50.0%  |49.2% 48.3% 68.6% 51.0%  |88.0%
CaOWto%) CXMY ®E4255% (C) |27.2% (C) |14.4% (F) |25.4% (C) |3.4% (F)

SQ (Wt%) Max 5.0% | 13.3% 11.8% 8.0% 6.1% 0.8%

N&,0., (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 7day Either one | 96% 850 86% 75% 75%

SAIl 2&day X T PR: |97% 99% 91% 75% 79%

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

= Amorphous + others HSFA1 = Amorphous + others
» Quartz (SiOR 1.3%\ = Hannebachite (CaSOFf.0.5HFO)
= Anhydrite (CaSON 31.'250?\ = Quartz (SiOR
?f(l?;:%i;e AICHSiF 40¢ OHF ‘ — Srebrodolskite (CaFFeFO4)
= Hematite (FeFOF) 3.4% = Magnesium Silicate (MgSiOF)

= Lime (CaO) = Mayenite (Cag &g @F ¥

= Albite (NaAISIFOU) = Periclase (MgO)

= Amorphous + others TFA = Amorphous + others
= Hannebachite (CaSOFf.0.5HFO) 080/0_\ = Burkeite (NaMCOFf)C4 (8ONWGU )7
2.0% — .
« Quartz (SiOR) o \ = Merwinite (CapMg(SiOWR)
2 e Quariz (SR

Calcite (CaCO
( F) 6.5% ® Sodium sulfate (NaFSOW

= Gehlenite (CaRAIFSIO?)
= Periclase (MgO)
= Lime (CaO)

= Merwinite (CapMg(SIOWR

= Mayenite (Cag &lg @F ¥
3.1%

= Periclase (MgO)
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Next, we evaluated the performance of pastes and mortal

with 20% fly ash as OPC repl.

Vicat
Apparatus

Screw —— <
|
Indicator |

_

ﬁ Piston
. Moyeable rod
weight 300g ,—— Inner cylinder
P / ,— Outer cylinder

Base plate

Pore fluid extraction and
ICP-AES/titration/C114
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Performance of pastes and mortars with 20% fly ash as C
repl. ¢ Table reports impact v&itrfly ash

Material Vicat Setting Pore fluid Mortar Flow Strength Strength Exp. lime
time pH Flow retention | (early1 1d) | (later T 91d) water
Ctr ash doped . . . . High
w/ CaSO, Minimal NA Minimal Minimal Minimal 611 %S 0|
Ctr ash doped . . . . High
Cas0,.2H,0 Minimal NA Minimal Minimal Minimal 611 %S 0|
FBC fly ash Retards (1.5x) NA Reduces | Minimal Minimal Increasg b.Ut
meets limit
Ctr ash doped . . ..
CaS0,.%H,0 NA Minimal Minimal Minimal smal
HSFAL & Significant - . increase
HSFA2 delay (3x) NA Minimal | Increases Minimal
Ctr ash doped $|gn|f|cant Minimal Minimal Increases
w/ Na,SO, increase sSmalll
ianifi i increase
TFA Flash setting Slgn|f|cant Minimal Rapid Increases
iIncrease loss

onoC. I 9



FBC Fly Ash (contains CgSO

ANote the particle shape and
iInternal porosity of fly ash

AModestly retards setting

ACauses expansion in
hardened mortar (DEF)

HY Mag WD Spot Sig HFW . 100.0pm
15.0 kV 1000x 10.8 mm 4.0 BSE 0.30 mm




Vicatsetting time show delay up to 2hrs
Calorimetry: small shift inG and large shift in,& peaks

450 4
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50 - <
l_ O T I T I T I T I T I T I T I T |
0- N : 0 4 8 12 16 20 24 28 32
Initial set Final set Age (hours)
wPC-l  mCFA FBC FBC + 2% CBr —CEA FBC
Slight set retardation which is Slight GS retardation (2hrs) and
compensated by using CgBr large shift in QA peak
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Length change (%)

Limewater expansion continues over time
(presumably due to ettringite formation)

ASTM C1038 -*-CFA

-B-HSFA1l

—0-HSFA2

-4 TFA

0 50 100 150 200 ___ASTM limit
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C;A mass %

Gyp mass %

FBC fly ash supplies Cg3@ich delays (A hydration
and forms ettringite causing expansion
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Fly ash containing CagO

Vicat Setting Pore fluid Flow Flow Strength Strength Exp. lime
time pH retention | (earlyi 1d) | (lateri 91d) water

Ctr ash doped . . ..
CaS0,.%2H,0 -- Small

Material ‘

HSFA1 & Significant . . increase
HSFA2 | delay () --



CaSQinitial and final setting by >4hrs.
Accelerators can help.

Time (min)

Initial set Final set
mPC- mCFA
m HSFA1 HSFA1 + 3% CBr
WHSFA2 m HSFA2 + 3% CBr
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CaSQdelays both ¢S and CA hydration.
Cumulative heat (and strength) cross over at ~3 days.

CS
| /oA

CAF
AFA cAFmM

Slide:16/20



