Australian Institute of Physics 17th National Congras 2006 — Brisbane, 3-8 December 2006
RiverPhys

THE INFLUENCE OF FLY ASH MORPHOLOGY AND PHASE DISTRUTION ON COLLECTION IN
AN ELECTROSTATIC PRECIPITATOR

R.D.Metcalfé, J.N.Connof*, D.DruskovicH', M.G.Blackford® and K.Short
A Faculty of Sciences, Engineering and Health, CQatkRampton, QLD 4702.
B Institute of Materials and Engineering Science, AS Menai, NSW 2234.

Abstract

Fly Ash is the unburnt portion of fuels which igriad away as solid particles in the hot gas streémfurnace. About
99% of the fly ash produced in a typical coal-fipmlver station is removed by electrostatic preatpits or baghouse
filters located at the base of the emission stdekecipitator efficiency is dependent on the chreggiroperties of the
fly ash particles and the adhesive forces betwéemt These forces depend on the size, morpholdgpmical
constitution and phase distribution of the fly adharger particles are usually found as aggregagdd together by
bridging material which may be small glassy paeicigraphite sheets, or a mixture of amorphousriabtnd small
crystallites.

Introduction

When coal is burnt in the boiler of a coal-firedymw station the hot flue gases carry away the fisatticulate residue.
This “fly ash” is a mixture of unburnt carbon arretend products of chemical reactions taking pcte elevated
temperatures (up to 150Q) of the boiler. To satisfy current environmerg&ndards the bulk of fly ash is removed
from the gas stream either by baghouse filterdauntmstatic precipitators (ESP)(White 1963). He tatter case, the
efficiency of collection in ESP is influenced byethize and composition of the particles (Canada§)19

Properties of fly ash - size, morphology, chemmahstitution and phase distribution — have beemstigated by a
number of techniques (Ward 2002, Vassilev 20034y. ash sizes vary from tens of microns to subnmicrihe

majority of the particles are rounded aluminostkcglassy spheres, indicative of formation tempeest at which the
minerals are in the liquid phase, but include alisie material such as mullite, quartz and irondeg, and carbon
flakes. The details of the fly ash chemistry aepehdant on the characteristics of the inorgamictifvn of the fuel,

and the furnace environment, so considerable vamiaain be expected from one power station to amptnd indeed
from day to day at any one power station. Cer@aéensland power stations take high rank coal leithsulphur

content from the Bowen Basin. Hence the problendiait in particle release to the atmosphere ass kevere than
for many other areas. But it is still desirablenimimize release of pollutants to the atmospheaeticularly the finest
fraction of the particulates which carry the highisk to humans through inhalation.

Materials and Methods

Fly ash was collected from two of four electrostgiecipitators (ESP) at Stanwell Power Statiomtfz Queensland.
Each precipitator has four identical zones in serith each zone a corona discharge ionizes thiepduticles in the
flue gas stream (at a temperature of about°C30 lonised particles are then swept to the sideke precipitator by a
DC field. Particles adhere to the plates carntimg DC charge and are then shaken loose by meehdrapping”,
falling into collection hoppers. Samples were tak®m each zone of two of the four precipitatonka Samples of
fly ash escaping to the atmosphere were also ¢etldsokinetically at the base of the stack.

Particle sizes were measured using a Malvern Mgzger Major phase concentrations and percentageadinity
were determined by X-Ray Diffraction (XRD) usingSeemens D100 instrument and Siroquant software.ic&yp
samples were examined in the scanning electrorosgope (SEM) using a JEOL JSM-6360LA system invasuum
mode and average sample and individual particlmef¢al chemistry was determined using the instraimeOL
JED-2300 energy dispersive spectroscope (EDS).mp&s were also imaged at ANSTO by transmissiontrele
microscopy (TEM) using a JEOL FX2000lIl instrumer@hemical information was obtained with the attachek
EDX spectrometer, and phase information from setkarea diffraction patterns (SADP).
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Results and Discussion
Collection Efficiency and Particle Size
The collection efficiency? of particles in ESP is described by the Deutschékson equation (Kunz and Hanna 1972)

h=(1-¢e kd, ) whered, is the particle diameter ardis a constant depending on field strength, gasosiy, and

particle dielectric constant. ESP units are dedigio collect most of the particle flux, but thdlection process will
be much less efficient for the smaller particleEfficiency will be only 33% for particles with 1@1of the mean size
used in design, and almost zero for particles 14f0this size. Our results (Table 1) show the elguceduction in
particle size on progression through the four zaieke ESP and on into the stack.
Table 1
Volume derived diameters (m)
10% is upper bound of first decile, 50% is mean, 9 is lower bound of upper decile

sample 10% 50% 90%
Zonel#3B2 1.68 11.59| 48.46
Zone2#3B2 0.91 4.03 18.70
Zone3#3B2 0.86 3.21 14.75
Zoned#3B2 0.78 2.25 8.61
Stack 5 0.27 1.10 4.65

Scanning Electron Microscopy
SEM examination of particles shows that larger dmege smaller particles adhering to them (Figujesbathe simple
result above gives an overestimate of the fraatfosmall particles released to the air. Partichaatisions ranged from
about 100mm to sub-micron size. Usually smaller spheres wathto the larger. Also seen were empty hollowesgh
(cenospheres) and hollow spheres containing snpzieicles (plenospheres) (Figure 1b).
Figure 1
a) Most large fly ash particles are decorated witismaller ones(SEM image x1000)
b) Fractured aluminosilicate plenosphere showing gudents (SEM image x450)

a) b)

Adhesion forces between the smaller and largeigiestare a major factor in determining the coltattefficiency of
ESP for small particles. Investigation of thesedés by atomic force microscopy is an ongoing péur work on
this topic, but results will be presented elsewhere

Chemical Composition

EDS gives values for the elemental compositiorheffty ash. Since the sample volume at a magidicaf 100x is
only of the order Imm x 1mm xnin, these can not be taken as fully representdbiveaverages over a number of
samples are reasonably consistent. The majoritgersis are aluminium, silicon, oxygen, and thgéarpart of the
ash is assumed to be aluminosilicate glass, agirecamounts of other elements (iron, carbon, walcititanium,
sulphur) were found in some but not all samples.
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Phase Information

XRD showed about 57% of the material was non-chyrsta mostly alumino-silicate glassy spheres; tdsainder was
crystalline (Table 2); mostly mullite, quartz, aimdn oxides. Mullite accounts for about 17% of tio¢al material.
Mullite is a mineral not found in nature, but itdemmonly formed when clays and other mineralshaated to 1200-
1500°C. Composition varies between §8k)3(SiO.), and (ALOs)x(SiO,) depending on the exact temperature of
formation (Holm 2002, Schmucker 2002) and the diffion peaks were too broad to discriminate betwbese
phases.

Table 2
Average Composition of crystalline fraction
mullite 40% A|5S|203
quartz 20% SiO,
magnetite 14% FeO.,
calcite 7.5% | CaCOs
maghemite 7% Fe03
others 11.5%
TOTAL 100%
CRYSTALLINE

Back-scattered electron imaging in the SEM combiwéll EDS allowed identification of individual pasfes. Most
particles were alumino-silicate spheres, but iraides, titanium oxides, calcium sulphates were @sen. Most
particles were spherical in foriut occasionally crystalline facets were in evidenc

Particles were also imaged in the TEM and the coatlin of EDS and SADP allowed some individual igéet
phases to be identified (Giere 2005, Smith 200Bgspite the fact that about 17% of the crystallingterial was
identified as mullite by XRD very few discrete cgls with this chemistry were seen (Figure 2a,).plausible
assumption is that most crystallites are embedddle larger glassy spheres which are transpame@titka X-rays
but opaque to electrons in the TEM. Further warkhds question will look at the microstructuretié spheres. After
magnetic separation, iron-containing spheres andsgheres with extensive decoration of small chjtsta assumed
to be ferrites or similar (Sokol 2002) were alsentified (figure 2c).
Figure 2
a) TEM image of amorphous glassy mass (x40000)
b) Mullite crystallite (SP1) identified by SADP
c) Magnetic decoration on cenosphere shell (SEM ige x750)

a) b) C)

Conclusions

The properties of a power station fly ash dependhendetailed composition of the coal supply anel dperating

parameters of the plant. Charging of particleE$P is particularly influenced by their electripabperties, especially
in a low sulphur coal such as is commonly foundantral Queensland. Efficient particle removal frima flue gas

stream by ESP is influenced by particle size, plartchemistry, especially via the resistivity, doyl the adhesive
forces between the larger and smaller particlestailzd understanding of the nature of the pasiaiethe stream is a
key to optimizing particle capture and minimizirg tenvironmental problems that could arise
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