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Abstract Electrostatic Precipitators (ESPs) are commondusr the efficient removal of solid particles o
aerosols in different industrial applications aneating conditions. The applied ESP mechanicaligoration

depends on the aerosol quality and the collectest! characteristic at operating temperatures. THe'€&esign
restrictions and recommendations for successfutatipe with required particulate removal efficienase dif-

ferent for hard coal fired boilers compared to kg fired boilers or chemical boilers. Nowadayséeteae a
number of existing boiler installations rebuilt fgperation in new conditions with mixed fuels, gegavariation
in gas flows, its chemical composition, differetita in operating temperatures and dust qualitysédbed ef-
fects of some chemical reactions in the collectast thyer increase the complexity of the dust reahpvocess
in the new conditions. In this paper some ESP gondition and adaptation aspects are discusse@fooperat-
ing conditions.
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1. Introduction In the gas mixture water vapour has a partial-pres
In different industrial processes for the efficiemt sure which can reach saturation point, which depend
moval of solid particles from aerosols, electrdstat on the temperature. The saturation state is whearwa
fields created in ESPs are used. Depending on tk&aporation and condensation in the given temperatu
composition of the gaseous mixture and the coltecteare balanced. When water changes phase there is a
solid particle layer properties, which are diffarém change in the potential energy of the water pasicl
each process, the applied ESPs have different mechdhe energy absorbed or released during a change of
ical and electrical configurations to meet the fesgh phase from liquid to gas is called specific latbaat
outlet emission. of vaporisation.

Some ESP suppliers has developed rules for de- If in one place there is slightly lower temperatur
sign, erection and successful operation of the 8P locally, close to the water dew point, then in thizsce
a given process. There are a number of recommend®ndensation of water vapour might occur. If there
tions with consideration of specific conditions amd some objects like solid particles or metal elements
lected dust properties and operating temperatdioes: which can take heat of vaporisation from the con-
example, dust size distribution, collected dustsitgn densed water —then the process of condensation will
resistivity, abrasiveness, stickiness, hygroscppip- follow faster. After condensation the water concant
erties. tion in the gas phase locally becomes lower thahen

The dust properties dictate which ESP bottom apther place and the mass transfer of water vapoun f
rangement should be used: a pyramid bottom hoppitre other place will continue by diffusion untilagh-
with a given valley angle through a bottom hoppeing a new thermal balanced condition.
with a screw or a chain conveyor or a flat bottoithw Presence of hygroscopic solid particles, which eas
crapper. Also the collected dust evacuation from t ily absorb water, will intensify the process of store

bottom hopper must be adequate. condensation.
Collected solid particles create a dust layer — a
2. Moisturein combustion gases structure with pores filed by gas. Pores in the thys

Moisture content in flue gases have a strong inffee er create small gas channels and related to tféstef

for the quality of separation of dust particlestie of capillary hysteresis require a higher tempegafar

electrostatic field. At very low moisture contents evaporation of the same amount of water that con-

the gas mixture, the collected dust layer shows higlensed at lower temperature.

resistivity whereas at high moisture contents thee In places of an ESP, where there is no intensive

risk of moisture condensation in high quantities. flow of hot gases, steel elements might have a lowe
Water vapour can very easily penetrate all volumasmperature.

of the dust collector — also in places with no msige Some elements of the ESP like casing walls, bot-

gas flow. If in gas phase in point A, water concentom hoppers or roof always lose heat to the ambient

tration is higher than in point B, therefore molesu air (determined by the heat transfer surface, edpli

of water will travel to point B until the differeacof thermal insulation quality, thickness of insulatiom-

its concentration exists — the process is calletewa terial and temperature differences). In each chse t

mass transfer by diffusion between point A and B. thermal insulation design is adjusted to the ojrgat
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conditions and type of process for the applicatién Number of ESP’s originally designed for hard coal
the ESP. fly ash removal and to keep the outlet emissioraon

In the case of an ESP applied for removal of flyevel about 100-200 mg/Nhtolerated some imperfec-
ash from combustion gases from hard coal fired-boitions.
ers, where moisture concentration is in the range 5 The applied arrangement of baffle plates in the
10% by volume, temperature of flue gases is redgtiv bottom hoppers of the ESP for coal fly ashes altbwe
higher than acid dew point. The typical thickne$s dor some flows of hot gases under electrostatilddie
mineral wool for thermal insulation is about 100 mm in bottom hoppers. In that case, the applied bottom
then there are no problems with intensive moisturdeoppers without heating were working correctly for
condensation. In some places some small amount mfny years. An injection of cold purged air from a
water that is fully absorbed by collected dust &nd  pneumatic ash handling system to the ESP inlebbr b
not making problems might condense (e.g. dust layesm hoppers did not disturb the ESP operation and
stays as a semi dry loose material and it can bg esstill kept the emissions in range of 100-200 mg?Nm
dislodged from the ESP). Eliminating a gas sneakage in the bottom hopper

If in some places condensed water amounts aby additional screen plates allows for improvedtdus
higher than the dust layer absorbs, become wet andllecting efficiency. However, without heating the
creates structures which are more sticky or creatbsttom hopper for heat loss compensation and when
lumps. using the same ESP for biomass ash, a number of

In the case that the amount of condensed water psoblems appear.
higher than amounts of collected dust able to dbsor A higher moisture in combustion gases from bio-
water, then liquid water on the surface of steel el mass and presence of more hygroscopic components
ments can cause corrosion. Presence of 86 and in the fly ash make conditions for more intensive
HCI in combustion gases will intensify the corrasio moisture condensation.
process. In some installations pneumatic ash handling sys-

In the case of an ESP applied for removal of flyems are used with purged air injected into the .ESP
ash from combustion gases from biomass fired kmilerOn the path of the cold air mixed with wet combusti
where moisture concentration is in the range 12-25%ases inside the ESP, the occurred moisture coadens
by volume, temperature of flue gases is relativelfion creates the wet dust and corrosion of steel el
higher than acid dew point and the typical thiclknes ments.
mineral wool for thermal insulation should be thack
than in the case of the coal fired boiler.

The fly ash from combustion of a biomass typical
ly contain a few times more hygroscopic alkali com
pounds than any hard coal ash.

Collected fly ash properties have differences i
bulk density, stickiness, angle of natural slip an
chemical activity. For successful operation theigtes
of the ESP bottom has to be adjusted to the celfect-
dust properties.

Typical arrangement of pyramidal bottom hoppe™
can have a different height and related anglesaif w
inclination to avoid problems with discharge of ol geugi
lected ash. The minimum angle for hopper wall incli® "
nation is lower in coal ashes than in biomasssdly. a

There are observed number of ESP installations
originally designed for removal of fly ash from ¢toa
fired boilers which now are used for combustionegas
from firing mixed fuels with biomass (without any
mechanical changes in ESPs, the same bottom hoppersOn the way of the golder stream of wet gases, ro-
and without thermal insulation improvements). tating rapping shafts with hammers have a muclefast

In those cases, typical problems which occurred wear than similar elements in hot plaqes. .
are: For many years some ESP suppliers used gas dis-

+ dust bridges in bottom hoppers are often creaffioution elements to get a non-uniform flow of hot
ed gases ms@e the _E_SP. Bgsed on numerical modelling,
' the collecting efficiency improvement was expected
[1, 6]. An achieved skewed flow in the ESP many
. o2 times was good enough when the boiler operated at
* afastgr erosion of moving internal parts, load 100% of Maximum Continuous Rate (MCR). A
* more intensive corrosion internal elements,  \,mber of hoilers are rebuilt and modernised s tha
* problems with pneumatic ash handling sysghey are able to operate in greater variationead$ —
tems. the minimum load is drastically decreased. A pro-

Figure 1. Corroded collecting plates on the way of
colder gas flow in the ESP

» a high level of ash in bottom hopper and diffi-
culties with ash dislodging,
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longed operation at a load lower than 40% MCR ts ndor operation in conditions with moisture condensa-
unusual. Often at the minimum boiler load there ison. In some cases, using bearings and shafts made
more than 3 times lower volume flow of combustiorfrom more wear resistant materials helps slightly b
gases and usually their operating temperature eat tthere are still often more maintenances requiredi an
ESP inlet is lower. If for example the ESP was dereplacement of wearing parts. A number of mentioned
signed for the maximum boiler load with the averageroblems could be avoided when the ESP is correctly
gas velocity inside the ESP around 0,80 m/s then désigned and rebuilt for new operating conditions,
minimum load (40% MCR) in the ESP, gas velocitymore precisely defined by the customer.

will be lower than 0,27 m/s in actual conditions. |
this situation the gas distribution quality insitee
ESP not be as required— with a risk of gettingdarg
dead zones (e.g. zones with no flow of hot dussega
but water vapour flow by diffusion).

R

Figure 3. Dust build—ups in oversized gas duct
before the ESP

There are special designs for ESPs dedicated for
the industrial application with extremely cloggidgst
Figure 2. Fast wear of rapping shaft and hardened collected from flue gases. The collected dust ig/ ve
bearing on the way of colder gas flow in the ESP reactive and in some conditions components craate e
tectic mixture which smelts at slightly higher oper
Often operation for a prolong time at minimumtion temperatures than the acid dew point. In pinis
boiler load drastically decreases the ESP lifetipte; cess, collected dust is loose when fresh andpib$si-
viously from decades to only a few years. ble to remove it by normal rapping, but when ieis
If in the inlet gas ducts flue gas velocity isiBe¢s posed for too long to reactive process gases @tese
lower than maximum designed, then there is a rfsk dnard build-ups which are difficult to remove. Se th
dust drop in the gas duct. Dust build-ups in gagtslu temperature window for optimal operating of the ESP
absorbing moisture become heavy and difficult tds relatively narrow.
blow up later at higher boiler operation. Big dust The mechanical construction developed for this
build-ups in the gas duct caudee maldistribution of type of ESP has a very advanced system of rapping
the gas at the ESP inlet. and inside the ESP any horizontal surfaces without
For more and more coal fired boilers there areapping are avoided.
erected installations of Selective Catalytic Reacto  Using mechanical solutions for this type of ESP
(SCR) for NOx removal. There is ammonia (Mkh-  for power plants could be possible but remarkably i
jected into the combustion gases in higher than stareases the dust collector investment costs.
chiometric quantities — it gives ammonia slip. Fine- Customers are modernising existing boilers to be
sent SQ@ in combustion gases on the surface of thable to operate in greater variations of loads rimit
catalyst is converted into 3G the typical increment giving a bigger space for rebuilding existing ESPs.
of conversion rate is typically by 1%. The highket However, there is an opposite tendency to useavail
concentration of SQin combustion gases, the higherble free space for SCR installations or other equip
the temperature of the acid dew point. ment. Practically it is only possible to rebuilcttBSP
Operation of the ESP in conditions: low boilerinto a taller one to meet required collecting é&icy.
load, low gas temperature at inlet of the ESP, bigsn The taller ESP will have a bigger cross sectioraare
fired with high sulphur coals and SCR installatiorfor the same volume flow of combustion gases, there
make fly ash easier for electrostatic precipitatinri  fore the effective average gas velocity will be éow
when the collected dust is getting wet it is morebp  This will make the system more sensitive to exaessi
lematic for the typical ESP configuration and ifs-l moisture condensation at lower boiler loads.
time is shortened. The typical life time of movial
ements like bearings and rotating shafts with nagpi
hammers is shortened from 2-5 years to a few months
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[1]

(2]

Figure 4. Hard dust build —ups on stiffeners of ESP 3]
of the flash copper smelter

3. Conclusions [4]
Scientific and technological progress in differet
tivities has allowed us to apply new solutions for
ESPs, however, today there are more complex condi-
tions for the size and configuration for dust cotites:

» higher dynamics of an installation operating5]
conditions — frequent operation on low loa
when a gas flow is 3 times lower than at max
load,

» blended fuels with various types of biomass, 6]

e changes during the operation of ESP — espe-
cially during longer periods of low loads get-
ting more sticky and abrasive dust with the
process of equipment wear.

Experience from previous ESP installations apg7)

plied for specific industrial processes helps tpriove
an ESP in more common applications for upgrading
existing installations or building new ones.

The ESP flue gas ducts configuration and collected
gas handling system must be taken into consideratio
for successful operation of modernised ESP with re-
quired particulate removal efficiencies. In order t
avoid excessive dust fall-out, the gas duct desigst
consider the characteristics of the gas, the flg as
properties and gas velocity.

For successful operation of the ESP it is extrgmel
important to obtain a full knowledge and understand
ing of the processes, new operating conditiongytpla
conditions and emission requirements.
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