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ELECTROSTATIC PRECIPITATORS
INTRODUCTION
One thing that makes electrostatic precipitators unique among gas cleaning equipment is that, the forces separating the particulates from the gas stream are applied directly to the particulates themselves, thus the energy required to affect the separation is averagely less than for other types of gas cleaning apparatus. Gas pressure drops through the precipitator may be of the order of 1 inch of water or less compared with pressures of up to 10-100 inches of water for scrubbers and baghouses1.
. The widespread use of precipitators in the electric power industry has uncovered problems resulting from variations in the chemical compositions of the coal. Most of the early control installations were made on boilers that burned relatively high sulfur coal. As new installations were made, boilers burning low sulfur were encountered.
Electrostatic precipitation process consists of three fundamental steps; that is particle charging, particle collection and removal of the collected dust2. Avalanche multiplication which occurs in the corona glow region persists until the local electric field strength decreases to the point where there is insufficient energy to perpetuate ionization. The sluggish positive ions migrate back to the negative discharge electrode and form new free electrons on impaction with the discharge wire or gas space around the wire. The electrons produced during the avalanche multiplication process follow the electric field toward the grounded collection electrode. In air pollution control, electrostatic precipitators have a process referred to as spark over   which is a sudden rush of localized electric current through the gas layer between two electrodes. The average spark over rate for optimum precipitator operation is between 50 and 100 sparks per minute3. At this spark rate the gains in efficiency associated with increased voltage compensate for decreased gas ionization.
There are two types of electrostatic precipitators that is dry electrostatic precipitators and wet electrostatic precipitators. Further dry electrostatic precipitators are categorized into wire-pipe type and wire-plate type. In dry parallel plate precipitators, the collecting electrodes (plates) are suspended from the top of the precipitator, parallel to and in proper alignment with the discharge electrodes. 
The electrostatic precipitator is a device that uses electrical forces to move particles entrained within an exhaust stream onto collection surfaces. The entrained particles are given an electrical charge when they pass through a corona, a region where gaseous ions flow. Electrodes in the center of the flow lane are maintained at high voltage and generate the electrical field that forces the particles to the collector wall. Dry electrostatic precipitators have collectors that are knocked by various mechanical means to dislodge the particulate, which slides downward into a hopper where they are collected1. In wire pipe electrostatic precipitator, the exhaust gas flows vertically through conductive tubes, generally with many tubes operating in parallel. One major factor in the performance of ESP is the resistivity of the collected materials. Since the materials form a continuous layer on the ESP pipes, all the ion current must pass through the layer to reach the ground. Low resistivities causes problems. Resistivities below 108 ohm-cm, causes the particles to be held on the collecting surface loosely that general reentrainment, as well as that associated with collector cleaning, become more severe2.
This type of technology is relevant in combating air pollution caused by particulate matters (PM), including particulate matters less than or equal to 10 micrometers in aerodynamic diameter(PM10), particulate matter less than or equal to 2.5 micrometers in aerodynamic diameter, and hazardous air pollutants that are in particulate for, such as most metals with exception of mercury as a significant portion of emissions are in the form of elemental vapor.
New electrostatic precipitator equipment has efficiency of between 99 and 99.9%. older existing equipment have a range of actual operating efficiency of about 90 to 99.9%. size of the ESP determines collection efficiency; ESP size determines treatment time and also the longer time a particle spends in the ESP the greater its chance of being collected. Of importance to note is that maximizing electric field strength will maximize ESP collection efficiency3.
Dry pipe-type ESPs are occasionally used by the textile industry, pulp and paper facilities, the metallurgical industry, including coke ovens, hazardous waste incinerators, and sulfuric acid manufacturing plants. Wet wire pipe ESPs are used more frequently than dry wire-pipe ESPs which are used only in cases which wet cleaning is undesirable, such as high temperature streams or waste water restriction1.
The cost analysis of ESPs, following cost ranges expressed in 2002 dollars for dry wire pipe ESPs of conventional design under typical operating conditions, developed using EPA cost estimating spreadsheets4. Is very useful in understanding ESP funding.
a. Capital costs: $20 to $125 per scfm
b. O and M Costs: $4 to $9 per scfm annually
c. Annualized cost: $9 to $26 per scfm, annually 
d. Cost Effectiveness: $43 to $ 640 per short ton
ADVANTAGES
Electrostatic precipitators have very low pressure drops typically less than 13mm, since they act only on particulate to be removed and only minimally hinder flue gas flow. They are capable of very high efficiencies even for very small particles. They can be designed for a wide range of gas temperatures and can handle high temperatures of up to 700 degree Celsius. Dry collection and disposal allow for easier handling. Also operating costs are relatively low. ESPs are capable of operating at high pressures or vacuum conditions2.
Wet ESPs can collect sticky particles and mist, as well as highly resistive or explosive dusts. The continuous, or intermittent washing with a liquid eliminates the entrainment of particles due to rapping which dry ESPs are subject to. The humid atmosphere that results from the washing in a in a wet ESP enables them to collect high resistivity particle, absorb gasses or cause pollutants to condense, cools and conditions the gas stream. Liquid particles or aerosols present in the gas stream are collected along with particles and provide another means of rinsing the collection electrodes4. Wet wire pipe ESPs have the additional advantages of reducing “sneak age’’ by passing the entire gas stream through the collection field, and the ability to be tightly sealed to prevent leaks of material, especially valuable or hazardous materials2. 


DISADVANTAGES
Electrostatic precipitators generally have high capital costs. Wire discharge electrodes (approximately 2.5mm) in diameter are high maintenance items. Corrosion can occur near the top of the wires because of air leakages and acid condensation. Also, long weighted wires tend to oscillate-the middle of wire can approach the pipe, causing increased sparking and wear. Newer ESPs designs are tending toward rigid electrodes or masts which largely eliminate the drawbacks of using wire electrodes5. 
Electrostatic precipitators are generally not suited for use in processes which are highly variable because they are very sensitive to fluctuations in gas stream conditions. ESPs are also difficult to install in sites which have limited space since ESPs must be relatively large to obtain the low gas velocities necessary for efficient PM collection5. Certain particulates are difficult to collect due to extremely high or low resistivity characteristics. There can be an explosion hazard when treating combustible gases.  
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