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Petrographic Classification of Fly Ash Components

Introduction

Theimagesincludedin this ATLASvere compiledsince 2006 as a result of the work
carried out by the Fly Ash Working Group (Commissionlll) of the International
Committeefor Coaland OrganicPetrology¢ ICCRon Fly Ash Thisworking group was
convenedby Isabel SuarezRuiz and Bruno Valentim (www.iccoporg), and aimed at
classifyingsectionsof particles(not the all particle)

Flyashis definedas one of the residuesproduced during combustionof coaland other
feedfuels,and compriseghe fine particlesthat rise with the flue gases

Fly Ashis generallycapturedby cyclonesglectrostaticprecipitatorsor baghousesefore
the flue gasesreach the chimneysof coal or biomassfired power plants and other
industrialfurnaces

Dependingupon the feed fuels being burned and the combustionconditions,the final
compositionof the fly ashvary considerablyln general,fly ashis mainlymadeup of a
predominant inorganicfraction and a minor organicfraction (unburnedcarbons or fly
ashcarbons)

PgUp PgDn
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Petrographic Classification of Fly Ash Components
Aim of the Atlas

Takinginto accountthe varied compositionof the Fly Ash,the main
purpose of this ATLASIs to help to identify and classify the
componentsthat canbe found in Fly Ash from coalcombustion, co-
combustion, and biomass combustion processes, developed in
different operating conditions pulverized coal combustion (PCC),
fluidizedbed combustion(FBC)and others.
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Petrographic Classification of Fly Ash Components

Provenance of fly ash

Theprovenanceof FlyAshincludedhereisdiverse

Thefly ashderivefrom coaland coalblendscombustioncoveringall the coal
rank scale (low, medium and high rank accordingto 1SO 117602005,
biomasscombustionand co-combustionof coal and biomass,coal and pet
coke, among others, in conditions of PulverizedCoal Combustion(PCC),

FluidisedBed Combustion(FBC)both from EuropeanPowerPlants,specific
conditionsof stokerboilersand heatingboilers

T

N i B . 4 N 2N

FBC in ENCE, Navia (Spain) Biomass Pulverized Codlred Power Plant in Velilla (Spain).
Power Plant.

PgUp 4 > PgDn
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Petrographic Classification of Fly Ash Components
Samples, preparation and photomicrographs
Imagesof Fly Ash Componentswere taken at the Organic Petrography
Laboratoryof the INCAR; CSIGn Oviedo(Spain)

For that representative samplesof the different Fly Ashwere taken and
preparedfor petrographicanalysidollowing the 1ISO7404/ 2 (2009 Norm.

The petrographic pellets were visually analysedusing a Zeiss Axioplan
Microscope and oil immmersion(® 50 objectives)

The images were taken in two different positions after rotating the

microscopestage, with a Leica Cameracoupled to the microscope,in
incidentand polarizedlight, andwith aninsertedretarderplateof 11 .

PgUp PgDn



Petrographic Classification of Fly Ash Components

Selection of fly ash photomicrographs

Theimages compiled in this ATLASare those
that were classified by the participantsin the
G L RSy ( Aafidh PdtragfaghifClassification
of Componentsn FlyAshWorkingD N2 dzl Je

Threeround robins were carried out since2006
on petrographicclassificationof more than 600
photomicrographs of different fly ash
components

Thoseimages for which more than 80% of the
participants in the WG agreed in their
identification an_d petrographlc classification Zeiss Axioplan Microscope and digital Leica Camera at the
were selectedandincludedin this ATLAS INCARCSIC, Spain.

ﬂ PgUp 4 > PgDn 11




Petrographic classification of Fly Ash (established in 2012)

Level#1 Level#2 Level#3 Level#4 Level#5 Level#6

Structure/  Optical

Nature Character
Morphology texture

Particle

FLY ASH COMPONENTS

~ Dense/ Isotropic | £ 3
% : : : O P
. Massive Anisotropic © O
Fused ; 15 =
. . Porous/ Isotropic | A 0O 5
Organic | . . . . Q5
. . Vesiculate Anisotropic ¢ = O ®
Fraction ‘ W O e
Fly Ash | . £ O s 0
Y . Dense/ Isotropic -8 © 3
Carbons | . | . m >0
. Massive Anisotropic — o
Unfused ; © o
~ Porous/ Isotropic . S <
~ Vesiculate Anisotropic
: CompositioA
INSIEEIE Metallic / Apply the ICCP Char Classification
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2
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Petrographic Classification of Fly Ash Components

Description of the Optical properties of Fly Ash Components, examples

Fly Ash Components apetrographicallyclassified in 6 levels of which:

A 3levels are addressed to particle field identification; and,

A 3 levels are addressed to the whole particle identification.

Attention: Long side of the pictures: 200 microns

To all levels explanation




Description of the Classification Levels

6y2GSY GKAa Aa al!ftf fS@St a

Levelsof Fly Ash Components classification:

Level# 1- Nature of Fly Ash Components: Organic, Inorganic

Level # 2 Optical Character of the Fly Ash Carbons

Level # 3 Optical Structure / Morpholoqy of the Fly Ash Carbons

Level # 4 Optical Texture of the Fly Ash Carbons

Level # 5 Origin / Provenance of the Fly Ash Carbons

Level # 6 Type of Particle (type of Fly Ash Componefapply the ICCP Char Classification

Inorganic components can be classified according to their nature and composition.

a To previous slide PgUp PgDn



Description of the Classification Levels

Level # 1 Nature of Fly Ash Components:

1) - Organic Components: Fly Ash Carbons (Unburned Carbons),
ii)- Inorganic Components

This level of classification of Fly Ash Components is addressed to the whole particl

Examples of Organic ComponentsE

Examples of Inorganic ComponentSE
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Examples of Organic Components

Level # 1: addressed to the whole particle

=

Long side of the pictures: 200 microns
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Examples of Inorganic Components

Level # 1: addressed to the whole particle

Long side of the pictures: 200 microns

ﬂ aTOpreviousslide a¢2 al tf £ SOSE adwr 4 P3G




Description of the Classification Levels
Level# 2 - OpticalCharacterof the FlyAshCarbons

1) ¢ Fused
I1)- Unfused

Thislevelof classificatiorof FlyAshComponentss addressedo the particlefield identification

Definitions

Fused character section/field of a particle with rounded or sub-rounded
morphology,with evidenceof swellingand/or caking,andwithout sharpedges
The coal petrographersa LJ& NIOI &Nib 2y lHas a fused charactersince it
results from the hydrocarbonsdecomposition and further condensation at
particle edges Pyrolyticcarbonis extremelyanisotropic,with curvedlayersand
sweepinganisotropy

Unfused character section/field of a particle without any of the described

characteristics Particle sectionflat, sharp edges,they can show cell structures
(originalor newly-formed) or structurestyped ¥ A ¥ H 8 B 4 €

Examples of Fusedand Unfused characterE (and pyrolytic carbon)

a(tE a!' tt tfS@PStaé aft ARS PgUp PgDn




Examples: Optical Character Particle field identification —»

Level # 2: addressdd the particle surface identification

Long side of the pictures: 200 microns

(CLICK HERE FOR MORE EXAMPLES)

ﬂ aTopreviousslide a¢2 G! £ f fSOSE & e A pH 19




Examples: Optical Character Particle field identification = —

- «Unfused

QA

Long side of the pictures: 200 microns

(CLICK HERE FOR PYROLYTIC CARBON EXAMPLES)
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Examples: Optical Character: Fused Particle field identification = —p

Pyroiytic carbon i s Wi : Pyrolytic carbon

Pyrolﬁé

Long side of the pictures: 200 microns

ﬂ To optical character
description




Description of the Classification Levels

Level# 3 - Optical Structure of the FlyAshCarbons

1) ¢ Dense/ Massive
ii)- Porous/ Vesiculated
Thislevelof classificatiorof FlyAshComponentss addressedo the particlefield identification

Definitions

Dense/ Massive structure: section of a particle without any porosity or
devolatilizationpores

Porous/ Vesiculated structure: section of a particle with pores of thermal
devolatilization(distorted pores, coalescentpores) Surfaceparticle section(not
transformed)with originalporosity (cell/cavitiesstructure)

Examples of Dense / Massiand Porous / Vesiculated structure E
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Examples: Optical Structure Particle field identification

Level # 3: addressdd the particle surface identification

Long side of the pictures: 200 microns

(CLICK HERE FOR MORE EXAMPLES)

ﬂ Tooptical structure - A
description ¢2 a!fft fSO8E € PremaAsRS




Examples: Optical Structure Particle field identification

9

Long side of the pictures: 200 microns

Tooptical structure
description
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Description of the Classification Levels

Level# 4 - OpticalTextureof the FlyAshCarbonsi) Isotropic; ii) Anisotropic

This level of classificationof Fly Ash Componentsis addressedto the particle field
identification

Definitions
|sotropic texture: sectionof a particle that does not modify its color or color
intensitywhenit isrotated 360 .

Anisotropictexture: sectionof a particle that modifiesits color or color intensity
whenit is rotated 360 .

Examples of Isotropic Textures

Examples of Anisotropic Textures

aG:Z a!'tt fS@Staé aft ARS PgUp PgDn




Examples : isotropic optical structure Particle field identification — —

Level # 4: addressdd the particle surface identification

*-  Isotropic

Long side of the pictures: 200 microns

To opticaltexture
description

P ~
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Examples : anisotropic optical structure Particle field identification  —s

Level # 4: addressdd the particle surface identification

ﬁ nisotropic

Long side of the pictures: 200 microns

To opticaltexture

description f f é @ S o é< }f Pﬁpnﬁ S




Description of the Classification Levels

Level#5 ¢ Origin/ Provenancef the FlyAshCarbons

1) - Coal

ii) - Biomass

iil) - Petcoke("petroleum coke")
IvV) - Other (ex. sawdust,tires)

Thislevel of classificatiorof FlyAshComponentss addressedo the whole particle

Examples of Origin / ProvenanceE

aq:z a! ff tS0Staé atARS PaUp
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Examples: Origin / Provenance

From Coal From Biomass From Pet coke

Long side of the pictures: 200 microns

ToOrigin / Provenance L 5
description al! £t t S8 € P IrfAR




Description of the Classification Levels

Level# 6 ¢ Typeof Particle

Apply the ICCP Char Classification

(From the Combustion Working Grodl©CP; Lester & Alvarez Convenors)

Thislevel of classificatiorof FlyAshComponentss addressedo the whole particle

Examples of Particle TypesE
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ICCP Char Classification

CHAR

<50%Ash PARTICLE

[ |
<25% 25-75% >75%
unfusedmaterial unfusedmaterial unfusedmaterial

r>60% 60%>r>40% r<40%

: : , . 1 r<s%
(>40%  r<d0% | A I . SN <40% || 1nherited

NINERTO

Cenospheric Network
arrangement arrangement

>50%walls<3mm  >50%walls >3mm >50%walls <3mm >50%walls >3mm
r>80% r>40% r>70% r>40%

ASS|SP UINETW
(From the Combustion Working Grol@CP; Lester & Alvarez Convenors)

Totype of particle
description To all levels slide rop <@ P Pgon 31




Examples of Particle Types

Tenuinetwork
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Petrographic Classification of Fly Ash Components

Organization of the Photomicrographs

The images of Fly Ash Componentsincluded in this Atlas have been
organized according to the type of combustion the main feed fuel
originating the Fly Ashandthe nature of the Fly AshComponent(organic
unburnedcarbon,inorganic)

All the images (pair of imagesof the same Fly Ash Componentin two
different positions)are identified and classifiedfollowing the Petrographic
FlyAshClassificatiorf2012) previouslydescribed

Example E
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ICCP exercises Example: Pulverized Coal Combustion (PCC)
(2007 and 2009)

image number Unburned Carbon

Level# 1- Nature whole particleidentification Organic

Level # 2Characterparticle field identification Unfused

Level # 3Structure/Morphologypatrticle field identification Dense

Level # 4Optical textureparticle field identification Anisotropic
Level # 50rigin: whole particle identification Coal (High rank coal)
Level # 6: Typeof particle(CharClassificatiop whole particleidentification: Solid

Long side of the pictures: 200 microns

a To Organization of the Photomicrographs pop <@ P Poon 34




ATLAS Index

PULVERIZED COAL COMBUS HONASH CARBONS
FLY ASH INORGANICS

STOKER BOILERY ASH CARBONS
FLY ASH INORGANICS

FLUIDISED BED COMBUSTHDN:ASH CARBONS
FLY ASH INORGANICS

OTHERSK., Sawdust, tires)
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PULVERIZED COAL COMBUSTION: Fly ash carbons

Origin:High Rank Bituminous Coa

Long side of the pictures: 200 microns

TﬁE} I:::IAMas
Index




PULVERIZED COAL COMBUSTION: Fly ash inorganics

Origin: quh Rank Bituminous Coal Origin:Medium Rank Bituminous Coal

Long side of the pictures: 200 microns

Pgu Pgbn 37
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Origin:Medium Rank Bituminous Coal STOKER BOILER: FIy ash carbons

2 B
¥

.

Pyrolytic éarfgn

PyroAiyEic carbon Pyrol{ftid 'Eaﬁaon

FIy ash inorganics

Long side of the pictures: 200 mici
ﬁ a PgUp 4 > PgDn
Atlas Index




Fluidised Bed Combustion: Fly ash carbons

Origin:Medium Rank Bituminous Coal Origin:Coal tailings + Biomass (wood pellets)

Origin:Biomass (wood pellets) Origin:Biomass (Eucalyptus)

Long side of the pictures: 200 microns

OTHER: Fly ash carbons

Origin:Biomass
(SAWDUST)
374

Lo

PgU PgD
aAtlaslndex gup <@ P Pgon



Fluidised Bed Combustion: Fly ash inorganics
Origin:Medium Rank Bituminous Coal

Origin:Forest biomass

' ' Long side of the pictures: 200 microns
a Atlas Index pgup <@ P Pgon 40



Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification Organic

Level # 2Characterparticle field identification Fused

Level # 3Structure/Morphologypatrticle field identification Porous

Level # 4Optical textureparticle field identification Anisotropic
Level # 50rigin: whole particle identification Coal (High rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Tenuinetwork

Long side of the pictures: 200 microns

a a All images frame: poup <@ P Pgon
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon



PulverizedCoalCombustionFly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (High rank coal)

Tenuisphere

Long side of the pictures: 200 microns
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification Organic

Level # 2Characterparticle field identification Fused

Level # 3Structure/Morphologypatrticle field identification Porous

Level # 4Optical textureparticle field identification Anisotropic
Level # 50rigin: whole particle identification Coal (High rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Tenuinetwork

Long side of the pictures: 200 microns

a a All images frame: poup <@ P Pgon
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Unfused
Dense
Isotropic
Coal (High rank coal)
Solid

Long side of the pictures: 200 microns

pgup <@ P Pgon 44
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
fused
porous

Anisotropic

Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp

PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp 4 > PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous

Anisotropic

Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp

PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1- Nature whole particleidentification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Typeof particle(CharClassificatiop whole particleidentification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous

Anisotropic

Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp

PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous

Anisotropic

Coal (High rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp

PgDn



Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification Organic
Level # 2Characterparticle field identification Unfused
Level # 3Structure/Morphologypatrticle field identification Dense
Level # 4Optical textureparticle field identification Isotropic
Level # 50rigin: whole particle identification Coal (Medium rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Inertoid

Long side of the pictures: 200 microns

a a All images frame: PgUp PgDN
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (Medium rank coal)

Mixed porous

Long side of the pictures: 200 microns

PgUp 4 > PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (Medium rank coal)

Crassinetwork

Long side of the pictures: 200 microns

PgUp PgDn



92 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (Medium rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp PgDn
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Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1- Nature whole particleidentification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (Medium rank coal)

Crassinetwork

Long side of the pictures: 200 microns

PgUp 4 > Pgbn 56



102 Pulverized Coal Combustion Fly Ash
Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

ﬁ, a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Isotropic
Coal (Medium rank coal)

Tenuisphere

Long side of the pictures: 200 microns

PgUp 4 > Pgbn 57



105 Pulverized Coal Combustion Fly Ash

Unburned Carbon

-

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

ﬁ a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (Medium rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp 4 > Pgbn 58



110 Pulverized Coal Combustion Fly Ash
Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

ﬁ a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Isotropic
Coal (Medium rank coal)

Crassisphere

Long side of the pictures: 200 microns

PgUp 4 > Pgbn 59



111 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification Organic

Level # 2Characterparticle field identification Fused

Level # 3Structure/Morphologypatrticle field identification Porous

Level # 4Optical textureparticle field identification Anisotropic

Level # 50rigin: whole particle identification Coal (Medium rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Crassisphere

Long side of the pictures: 200 microns

ﬁ a a All images frame: pap < P Poon
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon




116 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # 1Nature:whole particle identification Organic

Level # 2Characterparticle field identification Fused

Level # 3Structure/Morphologypatrticle field identification Porous

Level # 4Optical textureparticle field identification Anisotropic

Level # 50rigin: whole particle identification Coal (Medium rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Crassisphere

Long side of the pictures: 200 microns

a a All images frame: PgUp PgDN
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon



117 Pulverized Coal Combustion Fly Ash
Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

ﬁ a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Isotropic
Coal (Medium rank coal)

Crassisphere

Long side of the pictures: 200 microns

PgUp 4 > Pgbn 62



123 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # ANature:whole particle identification Organic

Level # 2Characterparticle field identification Unfused

Level # 3Structure/Morphologypatrticle field identification Dense

Level # 4Optical textureparticle field identification Isotropic

Level # 50rigin: whole particle identification Coal (Medium rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Mixed porous

Long side of the pictures: 200 microns

ﬁ a a All images frame: pp < P Pon 63
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon




124 Pulverized Coal Combustion Fly Ash
Unburned Carbon

Level # 1Nature:whole particle identification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

ﬁ a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Fused
Porous
Anisotropic
Coal (Medium rank coal)

Tenuinetwork

Long side of the pictures: 200 microns

PgUp 4 > pgbn 64



133 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # ANature:whole particle identification Organic

Level # 2Characterparticle field identification Unfused

Level # 3Structure/Morphologypatrticle field identification Dense

Level # 4Optical textureparticle field identification Isotropic

Level # 50rigin: whole particle identification Coal (Low rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Solid

Long side of the pictures: 200 microns

ﬁ a a All images frame: pp < P Pon 65
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon




138 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level # ANature:whole particle identification Organic

Level # 2Characterparticle field identification Fused

Level # 3Structure/Morphologypatrticle field identification Porous

Level # 4Optical textureparticle field identification Anisotropic
Level # 50rigin: whole particle identification Coal (Low rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Crassinetwork

Long side of the pictures: 200 microns

ﬁ, a a All images frame: pp < P> Poon 66
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon




145 Pulverized Coal Combustion Fly Ash

Unburned Carbon

Level# 1- Nature whole particleidentification Organic

Level # 2Characterparticle field identification Fused

Level # 3Structure/Morphologypatrticle field identification Porous

Level # 4Optical textureparticle field identification Isotropic

Level # 50rigin: whole particle identification Coal (Low rank coal)
Level # 6: Type of particle (Char Classification): whole particle identification: Crassinetwork

Long side of the pictures: 200 microns

ﬁ, a a All images frame: pp < P Poon 67
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon




211 Pulverized Coal Combustion Fly Ash from: COAL BLEND + PET COKE

Unburned Carbon

Level # 1- Nature whole particleidentification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

ﬁ a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic
Unfused
Porous
Anisotropic
Coal anthracite)

Inertoid (from vitrinite)

Long side of the pictures: 200 microns

PgUp 4 > PgDn



212 Pulverized Coal Combustion Fly Ash from: COAL BLEND + PET COKE

Unburned Carbon

Level # 1- Nature whole particleidentification

Level # 2Characterparticle field identification

Level # 3Structure/Morphologypatrticle field identification

Level # 4Optical textureparticle field identification

Level # 50rigin: whole particle identification

Level # 6: Type of particle (Char Classification): whole particle identification:

a a All images frame:
Atlas Index Pulverized Coal Combustion Rlgh,unburnedcarbon

Organic

Unfused
Dense
Isotropic
Coal anthracite)
Solid

Long side of the pictures: 200 microns

PgUp PgDn





















































































































































































































































































































































































































