Trade Science Ine.

ISSN : 0974 - 7451 Volume 7 Issue 5

Snviconmental Science

A Tndéian Journal

—==  Qurrent Research Peaper

ESAIJ, 7(5), 2012 [186-191]

Sulfur dioxide reactivity potential of different types of coal fly ash

Sylvia Boycheva
Technical Univer sity of Sofia, Department of Thermal and Nuclear Power Engineering,
8KI. Ohridsky Blvd., 1000 Sofia, (BULGARIA)
E-mail: shoycheva@tu-sofia.bg
Received: 14" February, 2012 ; Accepted: 14" March, 2012

ABSTRACT

Fly ash (FA) collected in the electrostatic precipitators of the main Thermal
Power Plants (TPP) in Bulgaria, burning different typesof domestic (lignite
and bituminous) and imported (anthracite) coal s was studied with respect
to its chemical composition and some physical properties. The potential

for reaction with SO, of studied fly ashes in flue gas desulphurization
systemswas evaluated by empirical criteria, such astotal and real alkaline
and sulfur capture capacities. Thereactivity of mixtures of FA with alkaline
and alkaline-earth additivesin conjunction with the available surface area

was also calculated.

INTRODUCTION

Theindnerationinthe Therma Power Plantsof solid
organicfuels, containing combustible (organic and py-
rite) sulfur andincombustible sulfates, aswell asof high-
sulfur oil residues, sulfur oxides(SO,) are generated™.
Theemissionsof SO (SO, and SO,) cause negative
ecological impact and are of grave dangesfor human
heslth, thereforeanumber of desulfurization technolo-
giesfor ther regtriction havebeen deve oped. At presant,
more than one hundred methodsfor SO, removal are
known, which generaly could bedividedintwomain
groups-— sorptional and conversional'?®. Asreagents
inthedesul phurization systems different solutions, sus-
pensions, and solid compoundsare applied.

The classification of desul phurizationtechnologies
with respect to aggregate state of the applied reagent,
the processtype and thereaction productsis presented
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During the coa incineration, the mineral compo-
nentsintheir composition aremodified at thetempera:
turesin the combustion cameras, generating ash resi-
dues. A part of the ash remains on the bottom of the
incineratorsin the shape of agglomerateswith 0.15 -
20.00 mmin size, so caled bottom ash, whilethefine
fractioniscarried away with theflue gasesdueto the
draught inthe burning system, namely fly ash (FA). The
composition and the quantity of FA vary in a broad
interva depending on composition of themineral mass
of cods, thetypeof theincinerationinstallation and the
specificsof theburning process. Normally, at the dust
burning systems FA reaches up to 90 % form thein-
combustibleminerd congtituents.

Generaly, FA iscomposed of fineparticleswitha
mixed amorphous-crystalline nature. Initscomposi-
tion is presented macro-components, such asamor-
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phoussilicondioxide (a-SiO,), amorphousand crys-  idesof dkdineand dkaine-earth metas. Microamunts
tallinedymoslicates, aswell asanumber of crystdline  of oxidesof trangitiona meta oxidesand abroad vari-
phases: quartz, brushite, hematite, magnetite, and ox- ety of trace elementsare also observed®9,
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Lime/ Limestone

Inert sorbents

Reduction

H.SO,

[ Desulphurization with liquid sorbents J

Ammonium compounds:
L NH4OH, (NH,).S04

Alkaline-earth
sorbents
Os
(s
NH.)-S0,

Double-stage

[Withoutoxidat\on][ Oxidation ] [ S0, J E
aols

Fly ash Autoclave
(NH4)2S04/5

t°C

ol |

Aluminum salts ]
R

Alkaline
sorbents

Melted alkaline
salts

Ca(OH),/
CaCoO,

Al2(SO4)z

SO,
(

Reduction

Double-stage

’Na:S Q4
‘ CaS0Q,
Na.SO; ‘W}
double-stage Caso; (slime) Caso.

Thermal

decomposition

Slime

ll CaSo,

Figure?2: Desulphurization with liquid sor bents.

FA disposal createsserious problems, becauseof  soil and thesubsoil waters. Inthisreason different pos-
itsunfavorable pH value, the presenceof heavy metdls  sihilitieshave beeninvestigated for FA reuse™. In addi-
and radioactivetraces, which can beinfiltrated intothe  tion, it hasbeen established that theamount of sulfur
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oxides captured by FA isclosdly related with the con-
centration of akalineand alkaline-earth metal oxides
(Ca0, Na,0, MgO, and K ,0) within thefly ash com-
position”. Related to thisthereactivity potentia with
respect to sulfur dioxide of different typesof coal fly
ash generated all over theworld has been studied™
foritsutilization asareagent for fluegasdesul phurization.
Thusthree severe ecologica problems can bereduced
to someextend, namdy sulfur oxideremovd, utilization
of FA dkaline capacity and raw material economy.

InFigures 1 and 2 can be seen that different alka-
line reagents are spended for SO, removal from flue
gases, asthe some processes|eadsto formation of ad-
ditiond solidresidues. Dueto itschemistry and physi-
cochemicd propertiesthe FA hasbeen found position
inthesediagrams, but in many countriesthispotential
dtill isnot utilized.

The present paper isemphasized ontheevauation
of sulfur capture capacitiesof different FA obtained from
lignite, bituminous and anthracite coal s on the base of
theinvestigated chemica composition and physico-
chemical properties.

FLY ASH CHARACTERIZATION

FA collected in the dectrostatic precipitator of the
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main TPPin Bulgariawas subject to compositiond and
physicochemical analyses. Theinvestigated FA was
taken asaverage samplesfromthedl fieldsof thedust
collectors. Dust res dues aregenerated fromthreeranks
of cod's- domestic ligniteand bituminousand inported
anthracite coas. Thelignite coalsfromthe‘“Maritza-
East” basin are the basic Bulgarian domestic energy
source, which unfortunatdly characterizeswith unfavor-
able parameters: low caloricity (Q, =4600— 7100 kJ/
kg), high ash content (A%=28-45 %), high humidity
(W=49-55 %) and substantial sulfur concentration
(S=2-2.5%). For thesereasons, their incineration cre-
ates serousecological problems— emission of sulfur
oxidesand enormous amountsof ashresidues. Thebi-
tuminouscodsfromthe*“Bobov dol” basin possess much
favorablecaoricity, but contai ning significant ash bal-
last, i.e. Q, = 11300-11750 kJ/kg, S=1.7 %, A'=48
%. Theimported anthracite cod sarecharacterizeswith
Q. = 23956 kJ/kg, A'=18.4 % and Wr=8 %.

The chemical composition of theinvestigated FA
generated fromtheincineration of threeranksof coas
indifferent TPP hasbeen studied by the standard clas-
sica and instrumental chemica analysesdescribedin
Ref.[1%13 The obtained results are summarized in
TABLE 1.

TABLE 1: Chemical composition of FA from different TPPin R Bulgarial*®*,

Composition, mass %

TP Maritza-East 2 AES Galabovo Bobov dol Varna
Installed Power 1546 MW 670 MW 630 MW 1260 MW
Type of coals Component Lignite Bituminous Anthracite

SO, 52.66 23.40 50.90 46.70
Al,O3 23.37 1354 20.81 23.50
Fe,03 8.72 28.88 8.45 8.62
Cao 5.75 7.13 13.55 5.16
MgO 2.75 1.42 3.38 2.97
SO; 2.40 9.00 0.70 0.20
MnO 0.06 - - -
ZnO 0.04 - - -
NaO 0.01 0.42 0.65 0.85
K,0 0.01 111 2.07 291
Lossesat 1273 K 22.88 1.00 9.83
pH 3.90 12.80 8.30

Fromtheresultspresented in TABLE litisevident

total content of SIO, + AlLLO, + Fe,0, = 70 mass %,

that theinvestigated FA typesarecharacterizedwitha  Na,0<1.5 mass % n MgO<5.0 mass % and could be
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referred to class F according to theinternational crys-
tall ographic standard ASTM C-618. An exception of
thisistheFA generated inAES Galabovo, whichrefers
to classC. Thelast onealso characterizeswith strong
acidity, whichmeanssgnificant quantity of the captured
SO, during the contact of the FA and fluegasesinthe
therma system. Takinginto account that the both TPP
Maritza-East 2and AES Gaabovo aresupplied by lig-
nite coals from one and the same basin, it could be
concluded that the substantia difference observedin
the chemical composition of the FA isdueto the pecu-
liaritiesof the TPP systems and devices.

The FA reactivity and adsorption capacity is de-
pendent not only on its chemical composition but a'so
on a number physical parameters. Some physico-
chemical characteristics, such as specificweight (kg/
mq), density (kg/mq), specific surface (m?/g), disper-
sion composition (d, pm) and porous volume (cm?/
), which are predictablefor thereactivity of FA with
SO, have been aso studied. The applied procedures
aredescribed in detail§'*13, The obtained results ate
summarizedinTABLE 2.

Theeffect of particlesizes, density and available
total and specific surfaceareaon the SO, capture abil-
ity of FA iscomprehensively examined™.

TABLE 2: Physicochemical parameter sof different investi-
gated FAR012,

Physicochemical TPP

par ameter AES Galabovo Bobovdol Varna
Specific weight, kg/m® 2594 2177 2456
Fill density, kg/m® 1960 1900 2000
Specific surface, m?/g 12.70 1.90  3.00
Voids volume, cm®/g 2.90 043  0.68
Dsp, um (number) 20.10 44.24 530
dso, um (volume) 0.56 0.58 0.59

ALKALINEAND SULFUR CAPTURE
CAPACITY OFFA

For tentative prediction of FA reactivity potential
to SO, on the base of chemical composition, thefol-
lowing empirica criteriacould be applied™4:

- Total alkaline metal oxide capasity of FA,
TAMOC_,, % CaO
TAMOC._, renders an account of the percentage
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of thedl dkaineand dkaine-earth oxides, expressed
as Ca0 by means of the corresponding stoi chiometric
coeffidients:

TAMOC,, =CaO +14MgO +0.9Na 0 +

0.6K,0,% CaO @A)
where: CaO, MgO, Na,0 and KO are the content of
the corresponding metal oxidesinthe FA composition,
mass. %.

- Real alkaline metal oxide capasity, RAMOC_,
RAMOC_, =(TAMO_,)/(SO,*+AlO,) 2
where: SiO,andAl, O, isthe content of these oxidesin
the FA, mass. %.

Theempirical equation (1) regardsthe separate al-
kalineand dkaine-earth oxides asdi screte compounds,
whileRAMOC,,, (eg.2) isacorrection of TAMOC,
va ue, taking into account that intherea mixtureoxides
are notindependent and their particlesarecombinedin
different dumosilicatemodification, which could reduce
ther reactivity.

- Sulfur capture capacity of FA, SCC
FA

SCC.,, can bedefined asaquantity of SO, (g) held
by 100gFA. Thevaueof SCC_, isdetermined by the
reaction of thestoichiometric chemica interaction be-
tween SO, and themeta oxidesin thecomposition of
the FA, expressed as CaO:

CaO +S0,— CasO, ©)

For thiscalculation, the part of TAMOC,_,, which
hasnot been consumed by the sulfatuzation of the FA in
itsroutefrom theincineration camerato the dust col-
lector system, hasto be used. For tentative evaluations
itisnormally accepted that ~50 % of TAMOC,, re-
mai nsafter the contact of FA with SO,-containing flue
gases™, but more precisdly thequantity of theadsorbed
SO,(S0O,) can be measured experimentally.

Taking into account the measured content of SO,
into theinvestigated FA samples(TABLE 3) collected
from different TPP, the concentration of dkalineoxides
as% Ca0, which hasnot participatedinthesulfatization
reaction (TAMOC_,*)wascaculated—TABLE 3. The
obtained vauesareinput parametersfor theestimation
of thereal sulfur capture capacity RSCC_, (9 SO,/100
g) accordingtothereaction (3). Thus, theobtained val-
ues exceed substantially thetheoretical SCC_, asthe
redl sulfatizationratio of themeta oxidesfor thetimeof

gS0,/1009

FA!
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passing of ash particlesfromtheincineration camerato
the electrostatic precipitator is roii lower than 1 %.
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Theobtained resultsfor total and red adkaineand sul-
fur capture capacitiesaresummarizedinTABLE 3.

TABLE3: TAMOC_,,RAMOC_, and SCC_, of FAfrom different coals.

TAMOCr, RAMOCrn,  SCCra,  TAMOCra*,  RSCCrn,

PP % Ca0  RAMOCea % . gS0,100g % Ca0  gSOJ100g
Maritza-East 2 9.62 0.13 8.37 5,50 7.04 9.07
AES Galabovo 10.16 0.28 7.32 5.81 3.86 441
Bobov dol 20,11 0.28 14.48 11.49 19.62 22.42
Vamna 11.83 0.17 9.82 6.76 11.67 13.34

Fromthe presentedin TABLE 2 results, it could be
concluded that the sulfati zetion of FA fromthe TPPAES
Gaabovoiswith highest extend, whichisrelatedtothe
lowest measured content of SIO, and AlLO,. In this
case, therea sulfur capture capacity RSCC_, iseven
lower thanthetheoretica. Thehighest valueof RSSC_,
isobtained for the FA from bituminous coal sinciner-
atedinthe TPP“Bobov dol”. The theoretical calcula-
tions reveal that for a completely 100 %)
desulphurization of 1 Nm?® highly concentratedin SO,
fluegasflow, for example containing 20 000 mg SO,/
Nm?3, FA in quantity of ~90 g generated from bitumi-
nous coal sis necessary. For comparison quantitative
cdculationsfor thelimestone, whichisnecessity for the
chemical combining according to the most spread
desul phuri zation limestone-gypsum wet processwith
intensive force oxidation of the same SO, concentra-
tion were made. Thetotal chemical reaction can be
expressed as:
2S0,+0,+2CaC0,+4H,0 2CaS0,.2H,0 +2CO, (4)
and themolar ratio between the compoundsis:

mCaCO; m30,
nSO,=nCaCO= M CaCcO, - M SO, ©)]
where: nSO, and nCaCO, arethemolles of the corre-
sponding reagents, mistheir weight, g, and M — their
molecular mass, g/mol.

It is calculated from the Eg. (5) that for the
desul phurization of 1 Nm?®flue gaseswith 100 % of
efficiency roughly 31 g CaCO, isneeded.

The made predi ctions showsthat the utilization of
the sulfur capture capacity of FA from bituminouscolas
beforeto bedirected to disposa will result in substan-
tid economy of raw materid for flue gasdesul phurization
sysems.

Theother investigated FA possesses|ower sulfur
reectivity potential. Thesulfur captureability of FA from

=20/64

AESGdabovoisexhaustedto abigextendinthecourse
inthe TPP dueto thelower concentration of binding
compounds (SiO, and Al,O,). FA obtained from the
anthracite cod s characterizeswith acomparatively sat-
isfyingRSCC_, (TABLE 2), but thehigh content of SO,
andAl,O, will makeit inapplicablefor direct addition
into theincineration system because of the enhanced
risk of thedag formation.

Taking into account the chemical composition of
FA fromlignite codsproduced from TPPMaritza-East
2 (TABLE 1), itisobviousthat it contains the most
sgnificant quantitiesof SO, andALO, whichwill make
it an appropriate raw material for synthesis of zeolite
materia. Anattempt of thisdirection aready was per-
formed®®. Moreover, that the zeolites, possessing
strongly developed internal surface, arevery effective
for SO, adsorption!*9.

Besidesof dry additivesfor direct desulphurization,
FA issuccessfully utilized asd urry inwet and semi-wet
FGD systems. Thusway, itsakainity and reaction po-
tential can be exceeded and managed by adding addi-
tiona reagents, mostly limeand sol ublecarbonatesand
bicarbonates'”®l. Asarulethe surface availablefor
thechemical reactionisakey factor, whichit hasbeen
established influencesthe SCC_, by alinear depen-
dence”. For the case of FA based durries, thefollow-
ing expressionfor SCC_, havebeen drawni*:
SCC_,=0.0046.SS+ 0.02LTAMOC_, + 45.65 (OH")
+19.92(CO%) +5.23(HCO3) (6)
where SSisasurface parameter (specific surface);
OH-, co > and HCo; aretheconcentrations of the cor-
respondingionsinthedurry.

The performed cal culations according to the Eq. 6
indicatethat small amountsof additional akaine-earth
component tothe FA durry will improved significantly
itssulfur reactivity, not only in comparison with thisof
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FA but also of pure akalinereagent. Theobtained re-
sultsshow tento twenty timeshigher SCC of themixed
durry that that of the cal cium compounds, which are
normally usedinthe FGD systems(TABLE 4).

TABLE 4 : SCC of mixture durry of FA from bituminous
coalsand calcium compounds.

SCC

Quantity of SCC SCC SCC

additiveto (Ca(OH); + FA), (Ca(OH);) (CaCOgs+ FA), (CaCOg),
100gFA, g g S0,/100g gSO,/1g gS0,/100g gSO,/1g
1 22.00 0. 86 12.38 0.64
2 43.34 - 24.33
3 64.81 - 36.29

Theresultspresented in TABLE 4 showsthat the
positiveeffect of limestoneand cal cium bicarbonate ad-
ditivesonthe mixed durry reactivity ismuch slower
than that of the hydrated lime and can beregistered at
ratiosabove 3g/100g FA.

CONCLUSIONS

Fly ash obtained from theincineration of threeranks
of coalsin different Thermal Power Plantswasevalu-
ated with respect toitsreactivity potentia to sulfur ox-
ide emissionsonthebase of itschemistry and physical
properties. Bituminouscod fly ash characterizeswith
significant sulfur capture potential and can be applied
asareagent for direct desulphurizationintheincinera-
tion cameraor above burning zone. A smd additive of
akalinecomponent (lime) drastically increasessulfur
captureability. Fly ashfromlignite coaspossesssmal
reactivity to SO, but contain significant amounts of
alumosilicates, which makeit an appropriateraw ma-
terid for zeolitesynthesis. Theuutilization of fly ashtota
alkalinity will ensureraw materia economy and cheap
desul phuri zation technol ogy.
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