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1. SCRUBBERS IN GENERAL.  A scrubber utilizes a liquid to separate particulate 

or gaseous contaminants from gas. Separation is achieved through mass contact of 

the liquid and gas. Boiler emissions to be controlled include fly ash and sulfur oxides. 

Incinerator emissions to be controlled include fly ash, sulfur oxides and hydrogen 

chloride. 
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2. TYPES OF SCRUBBERS 

 

2.1 LOW ENERGY SCRUBBERS. Low energy scrubbers are more efficient at 

gaseous removal than at particulate removal. A low energy scrubber utilizes a long 

liquid/gas contact time to promote mass transfer of gas. Low energy scrubbers 

depend on extended contact surface or interface between the gas and liquid streams 

to allow collection of particulate or gaseous emissions. (1) Plate-type scrubbers. A 

plate-type scrubber consists of a hollow vertical tower with one or more plates (trays) 

mounted transversely in the tower (figure 7-l). Gas comes in at the bottom of the 

tower, and must pass through perforations, valves, slots, or other openings in each 

plate before exiting from the top. Liquid is usually introduced at the top plate, and 

flows successively across each plate as it moves downward to the liquid exit at the 

bottom. Gas passing through the openings in each plate mixes with the liquid flowing 

over the plate. The gas and liquid contact allows the mass transfer or particle 

removal for which the plate scrubber was designed. Plate-type scrubbers have the 

ability to remove gaseous pollutants to any desired concentration provided a 

sufficient number of plates are used. They can also be used for particle collection 

with several sieve (perforated) plates combining to form a sieve-plate tower. In some 

designs, impingement baffles are placed a short distance above each perforation on 

a sieve plate, forming an impingement plate upon which particles are collected. The 

impingement baffles are below the level of liquid on the perforated plates and for this 

reason are continuously washed clean of collected particles. Particle collection 

efficiency is good for particles larger than one micron in diameter. Design pressure 

drop is about 1.5 inches of water for each plats. 

 

2.2 PREFORMED SPRAY SCRUBBERS. A preformed spray scrubber (spray tower) 
is a device which collects particles or gases on liquid droplets and utilizes spray 
nozzles for liquid droplet atomization (figure 7-2). The sprays are directed into a 
chamber suitably shaped to conduct the gas through the atomized liquid droplets. 
Spray towers are designed for low pressure drop and high liquid consumption. They 
are the least expensive method for achieving gas absorption because of their 
simplicity of construction with few internals. The operating power cost is low because 
of the low gas 
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pressure drop. Spray towers are most applicable to the removal of gases which have 

high liquid solubilities. Particle collection efficiency is good for particles larger than 

several microns in diameter. Pressure drops range from 1 to 6 inches, water gauge. 

 

2.3 CENTRIFUGAL SCRUBBERS. Centrifugal scrubbers are cylindrical in shape, 

and impart a spinning motion to the gas passing through them. The spin may come 

from introducing gases to the scrubber tangentially or by directing the gas stream 

against stationary swirl vanes (figure 7-2). More often, sprays are directed through 

the rotating gas stream to catch particles by impaction upon the spray drops. Sprays 

can be directed outward from a central spray manifold or inward from the collector 

walls. Spray nozzles mounted on the wall are more easily serviced when made 

accessible from the outside of the scrubber. Centrifugal scrubbers are used for both 

gas absorption and particle collection and operate with a pressure drop ranging from 

3 to 8 inches, water gauge. They are inefficient for the collection of particles less 

than one or two microns in diameter. 

 

2.4 IMPINGEMENT AND ENTRAINMENT SCRUBBERS. Impingement and 

entrainment scrubbers employ a shell which holds liquid (figure 7-3). Gas introduced 

into a scrubber is directed over the surface of the liquid and atomizes some of the 

liquid into droplets. These droplets act as the particle collection and gas absorption 

surfaces. Impingement and entrainment scrubbers are most frequently used for 

particle collection of particles larger than several microns in diameter. Pressure 

drops range from 4 to 20 inches, water gauge. (5) Moving bed scrubbers. Moving 

bed scrubbers provide a zone of mobile packing consisting of plastic, glass, or 

marble spheres where gas and liquid can mix intimately (figure 7-3). A cylindrical 

shell holds a perforated plats on which the movable packing is placed. Gas passes 

upward through the perforated plate and/or down over the top of the moving bed. 

Gas velocities are sufficient to move the packing material when the scrubber is 

operating which aids in making the bed turbulent and keeps the packing elements 

clean. Moving bed scrubbers are used for particle collection and gas absorption 

when both processes must be carried out simultaneously. Particle collection 

efficiency can be good down to particle sizes of one micron. Gas absorption and 

particulate collection are both enhanced when several moving bed stages are used 

in series. Pressure drops range from 2.5 to 6 inches water gauge per stage. b. High 
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energy scrubbers. High energy scrubbers utilize high gas velocities to promote 

removal of particles down to sub-micron size. Gas absorption efficiencies are not 

very good because of the co-current movements of gas and liquid and resulting 

limited gas/ liquid contact time. 

 

Figure 7-1 

Plate type scrubber 



 7 

 

Air Pollution Control Scrubbers & Precipitators | www.pdhlibrary.com 
 

 
 

 

Figure 7-2. 

Types of spray and centrifugal scrubbers 

 

2.4.1 VENTURI SCRUBBERS. The venturi scrubber utilizes a moving gas stream to 

atomize and accelerate the liquid droplets (figure 7-4). A convergent- divergent 

nozzle is used to achieve a gas velocity of 200 to 600 feet per second (ft/ sec) which 

enhances liquid atomization and particulate capture. Collection efficiency in a gas 

atomized venturi scrubber increases with pressure drop. Pressure drops of 25 inches 

water gauge or higher are utilized to collect sub-micron particles. Scrubbers of the 

gas atomized type have the advantage of adjustment of pressure drop and collection 

efficiency by varying gas velocity. The gas velocity is controlled by adjusting the area 

of the venturi throat. Several possible methods for doing this are illustrated in figure 

7-5. This can be used to control performance under varying gas flow rates by 

maintaining a constant pressure drop across the venturi throat. Due to the absence 

of moving parts, scrubbers of this type may be especially suitable for the collection of 

sticky particles. Disadvantages include high pressure drop for the collection of sub-

micron particles and limited applicability for gas absorption. 
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2.4.2 EJECTOR VENTURI. The ejector venturi scrubber utilizes a high pressure 

spray to collect particles and move the gas. High relative velocity between drops and 

gas aids in particle collection. Particle collection efficiency is good for particles larger 

than a micron in diameter. Gas absorption efficiency is low because of the cocurrent 

nature of the gas and liquid flow. Liquid pumping power requirements are high and 

capacity is low making this type impractical for boiler or incinerator emissions control. 

 

2.4.3 DYNAMIC (WETTED FAN) SCRUBBER. This scrubber combines a preformed 

spray, packed bed or centrifugal scrubber with an integral fan to move the gas 

stream through the scrubber. Liquid is also sprayed into the fan inlet where the rotor 

shears the liquid into dispersed droplets. The turbulence in the fan increases liquid/ 

gas contact. This type of scrubber is effective in collection of fine particulate. 

Construction of this scrubber is more complex due to the necessity of the fan 

operating in a wet and possibly corrosive gas stream. The design must prevent build-

up of particulates on the fan rotor. 

 

2.4.4 DRY SCRUBBERS. Dry scrubbers are so named because the collected gas 

contaminants are in a dry form. 

 

2.4.4.1 SPRAY DRYER The spray dryer is used to remove gaseous contaminants, 

particularly sulfur oxides from the gas stream. An alkaline reagent slurry is 

mechanically atomized in the gas stream. The sulfur oxides react with the slurry 

droplets and are absorbed into the droplets. At the same time, the heat in the gas 

stream evaporates the water from the droplets leaving a dry powder. The gas stream 

is then passed through a fabric filter or electrostatic precipitator where the dry 

product and any fly ash particulate is removed. The scrubber chamber is an open 

vessel with no internals other than the mechanical slurry atomizer nozzles. The 

vessel is large enough to allow complete drying of the spray before impinging on the 

walls and to allow enough residence time for the chemical reaction to go to 

completion. A schematic of the system is shown in figure 7-6.
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Figure 7-3 

Types of entrainment and mowing bed scrubbers 
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2.4.4.2 GRAVEL BED. The gravel bed, while referred to as a dry scrubber, is more a 

filter using sized gravel as the filter media. A bed of gravel is contained in a vertical 

cylinder between two slotted screens. As the gas passes through the interstices of 

the gravel, particulates impact on, and are collected on the gravel surface. Sub-

micron size particles are also collected on the surface because of their Brownian 

movement. Dust-laden gravel is drawn off the bottom and the dust is separated from 

the gravel by a mechanical vibrator or pneumatic separator. The cleaned gravel is 

then conveyed up and dumped on top of the gravel bed. The cylindrical bed slowly 

moves down and is constantly recycled. 

 

 

 

Figure 7-4 

Gas atomized spray (venturi) scrubber 
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Figure 7-5 

Throat sections of variable venturi scrubbers 
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Figure 7-6 

Spray dryer system 
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3. APPLICATION 

 

3.1 PARTICULATE REMOVAL. Scrubbers may be used as control devices on 

incinerators and boilers for fly ash collection. The plate, spray, venturi, and moving 

bed types have been successfully applied; however, their application has been 

limited because they require: 

• -more energy than dry particulate collection devices of the same collection 
efficiency, 

• -water supply and recovery system, 

• -more extensive solid waste disposal system, 

• -system to control the scrubbing process in response to gas flow rate 
changes. 

 

3.2 IN MAKING DECISIONS ON applicability to a particular process, figure 7-7 is 

useful in determining all components which must be taken into consideration. 

 

3.3 GASEOUS REMOVAL. Scrubbers have been used primarily for the removal of 

sulfur oxides in stack gases. (See chapter 10 for a more detailed description of sulfur 

oxides (SOx) control techniques.) However, as new control systems are devised, 

simultaneous removal of gases and particulate material will become the accepted 

procedure for designing scrubbers for combustion processes. 
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4. TREATMENT AND DISPOSAL OF WASTE MATERIALS.  Wet scrubber systems 

are designed to process exhaust streams by transfer of pollutants to some liquid 

medium, usually water seeded with the appropriate reactants. Liquid effluent 

treatment and disposal are therefore an essential part of every wet scrubber system. 

Installation and maintenance of the associated components can add appreciably to 

the system capital and operating costs. The degree of treatment required will depend 

upon the methods of disposal or recycle and on existing regulations. Required 

effluent quality, environmental constraints, and availability of disposal sites must be 

established before design of a treatment facility or the determination of a disposal 

technique can proceed. In many industrial applications the scrubber liquid wastes 

are combined with other plant wastes for treatment in a central facility. Design of this 

waste treatment should be by an engineer experienced in industrial waste treatment 

and disposal. 
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5. SELECTION OF MATERIALS 

 

5.1 GENERAL CONDITIONS. When choosing construction materials for scrubber 

systems, certain pertinent operating parameters should be considered. The metal 

surface of an exhaust gas or pollution control system will behave very differently in 

the same acid mist environment, depending on conditions of carrier gas velocity, 

temperature, whether the conditions are reducing or oxidizing, and upon the 

presence of impurities. For example, the presence of ferric or cupric iron traces in 

acids can dramatically reduce corrosion rates of stainless steels and titanium alloys. 

On the other hand, traces of chloride or fluoride in sulfuric acid can cause severe 

pitting in stainless steels. This condition is frequently encountered in an incinerator 

which burns large quantities of disposable polyvinyl chloride (PVC) materials 

 

 

Figure 7-7 

Schematic diagram of scrubber flow 
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5.2 TEMPERATURE. Corrosion rates generally increase with increases in exhaust 

temperatures. This is due to the increased mobility of ions and increased reaction 

rates. However, in cases where the corrosion process is accelerated by the 

presence of oxygen, increasing the acid temperature eventually boils out dissolved 

oxygen, rapidly diminishing corrosion rate. This is the case with Monel, a nickel-

copper alloy. 

 

5.3 VELOCITY. Often the corrosion resistance of an alloy depends on the existence 

of an adhering oxide layer on its surface. A high exhaust gas velocity can remove or 

erode the surface layer. Once removed, this layer cannot be renewed because the 

oxide film is washed away as it forms. 

 

5.4 STATE OF OXIDATION. Under reducing condition, Monel is very resistant to 

moderate sulfuric-acid concentrations. Under oxidizing conditions, or in the presence 

of oxidizing ions, however, very rapid corrosion occurs. The reverse is true of 

stainless steels which are resistant to oxidizing acid environments, but are attached 

by acids under reducing conditions. The equipment designer should select materials 

based on individual case conditions including temperature, abrasion, pH, etc. 
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6. AUXILIARY EQUIPMENT 

 

6.1 GAS TRANSPORT. 

 

6.1.1 DUCTS AND STACKS. Large boiler plant stacks have a wind shield of 

reinforced concrete or of steel, with a separate inner flue or numerous flues of steel, 

acid-resistant brick, and occasionally, stainless steel. The space between the inner 

flue and the outer wind shield may be insulated with a mineral wool wrapping. This is 

to prevent the condensation of acid dew on the inside of the metal chimney, which 

occurs below dew point temperature, and also to prevent acid “smut” from being 

blown out of the chimney. Acid smut is a term for ash particles contaminated with 

acid. It is heavy and tends to fall out of the gas plume soon after exiting from the 

stack. In smaller plants, stacks may be a single wall steel construction with insulation 

and lagging on the outer surface. For wet scrubbing practice, chimneys for vapor-

saturated gases containing corrosive substances may be made of rubber-lined steel, 

fiberglass-reinforced resin or other corrosion-resistant material. With materials that 

have a limited maximum temperature, provisions must be made to protect the stack 

from high temperatures because of loss of scrubbing liquid. Chimney or stack 

velocities are generally 30 ft/ sec to prevent re-entrainment of moisture from the 

stack wall which would rain down around the plant. Sometimes cones are fitted at 

the top to give exit velocities as high as 75 ft/sec. The chief reason for high velocities 

is to eject the gases well away from the top of the stack to increase the effective 

height and to avoid downwash. Downwash can damage the metal structure 

supporting the stack, the stack itself, or the outside steel of a lined metal stack.  

 

6.1.2 FANS. In a wet scrubber system the preferred location for the boiler or 

incinerator induced draft fan is upstream of the scrubber. This eliminates the need 

for special corrosion-resistant construction required to handle the wet downstream 

gas. The fan should be selected to resist build-up of dry ash or erosion of the rotor 

surfaces. For high dust load applications a radial blade or radial tip blade fan is more 

durable. In a dry scrubber application the fan should be downstream of the scrubber 

in the clean gas stream. Here a more efficient air-foil or squirrel-cage rotor can be 

used. 
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6.2 LIQUID TRANSPORT. 

 

6.2.1 PIPEWORK. For most scrubbing duties, the liquid to be conveyed will be 

corrosive. There exists a wide variety of acid resistant pipework to choose from, but 

generally speaking, rubber- lined steel pipe has high versatility. It is easy to support, 

has the strength of steel, will withstand increases in temperature for a short time and 

will not disintegrate from vibration or liquid hammer. Fiberglass filament wound 

plastic pipe is also suitable for a very wide range of conditions of temperature, 

pressure, and chemicals. The chief disadvantage of rubber- lined pipe is that it 

cannot be cut to size and has to be precisely manufactured with correct lengths and 

flange drilling. Site fabrication is not possible. Most piping is manufactured to ANSI 

specifications for pressure piping. Considerations must also be made for 

weatherproofing against freezing conditions. 

 

6.2.2 PUMPS. Centrifugal pumps are used to supply the scrubbing liquid or recycled 

slurry to the scrubber nozzles at the required volume flow rate and pressure. Where 

no solids are present in the liquid, bare metal pumps, either iron or stainless steel 

construction, are used. In recycle systems with solids in the liquid, special rubber-

lined or hard-iron alloy pumps are used to control erosion of the pump internals. 

These are generally belt driven to allow selection of the proper speed necessary for 

the design capacity and head. Solids content must still be controlled to limit the 

maximum slurry consistency to meet the scrubber and pump requirements. 

 

6.2.3 ENTRAINMENT SEPARATION. After the wetted gas stream leaves the 

scrubbing section, entrained liquid droplets must be removed. Otherwise they would 

rain out of the stack and fall on the surrounding area. Removal can be by gravity 

separation in an expanded vessel with lowered velocity or a cyclonic separator can 

swirl out the droplets against the vessel wall. Knitted wire or plastic mesh demisters 

or chevron or “zig-zag” vanes can be located at the scrubber outlet to catch any 

droplets. 
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6.2.4 PROCESS MEASUREMENT AND CONTROL. The scrubber control system 

should be designed to follow variations in the boiler or incinerator gas flow and 

contaminant load to maintain outlet emissions in compliance with selected criteria. 

 

6.2.4.1 MEASUREMENTS. Measurement of data from the process to provide proper 

control should include inlet gas flow rate, temperature and pressure, scrubber gas 

pressure drop, liquid pressure, flow rate, solids consistency, pH, and outlet gas 

temperature. Selection of instrumentation hardware should be on an individual 

application basis. 

 

6.2.4.2 CONTROL. Pressure drop across a scrubber can be referenced as an 

indication of performance following initial or periodic, outlet gas testing. In a variable 

throat venturi, for instance, this pressure drop can be used to control the throat 

opening, maintaining constant performance under varying gas volume flow rates. 

Measurement of scrubber slurry solids consistency can be used to control bleed-off 

of high solids slurry and make-up with fresh water. If sulfur dioxide (SO2) is being 

controlled then measurement of scrubber liquid pH can control make-up of caustic to 

maintain efficiency of SO2 removal. Complete specification or design of a control 

system must be on a case-by-case basis. 
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7. ADVANTAGES AND DISADVANTAGES. 

 

7.1 ADVANTAGES. The advantages of selecting scrubbers over other collection 

devices are: 

• -Capability of gas absorption for removal of harmful and dangerous gases, 

• -High efficiency of particulate removal, 

• -Capability of quenching high temperature exhaust gases, 

• -Capability of controlling heavy particulate loadings, 
 

7.2 DISADVANTAGES. The disadvantages of selecting scrubbers over other 

collection devices are: 

• -Large energy usage for high collection efficiency, 

• -High maintenance costs, 

• -Continuous expenses for chemicals to remove gaseous materials, 

• -Water supply and disposal requirements, 

• -Exhaust gas reheat may be necessary to maintain plume dispersion, 

• -Weather proofing is necessary to prevent freezeup of equipment. 
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8. ELECTROSTATIC PRECIPITATOR 

 

8.1 GENERAL. An electrostatic precipitator (ESP) is a device which removes 

particles from a gas stream. It accomplishes particle separation by the use of an 

electric field which: 

• -imparts a positive or negative charge to the particle, 

• -attracts the particle to an oppositely charged plate or tube, 

• -removes the particle from the collection surface to a hopper by vibrating or 
rapping the collection surface. 
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8.2 TYPES OF ELECTROSTATIC PRECIPITATORS. 

 

8.2.1 TWO STAGE ESPs. Two stage ESPs are designed so that the charging field 

and the collecting field are independent of each other. The charging electrode is 

located upstream of the collecting plates. Two stage ESPs are used in the collection 

of fine mists. 

 

8.2.2 SINGLE STAGE ESPs. Single stage ESPs are designed so that the same 

electric field is used for charging and collecting particulates. Single stage ESPs are 

the most common type used for the control of particulate emissions and are either of 

tube or parallel plate type construction. A schematic view of the tube and parallel 

plate arrangement is given in figure 8-1. The tube type precipitator is a pipe with a 

discharge wire running axially through it. Gas flows up through the pipe and collected 

particulate is discharged from the bottom. This type of precipitator is mainly used to 

handle small gas volumes. It possesses a collection efficiency comparable to the 

parallel plate types, usually greater than 90 percent. Water washing is frequently 

used instead of rapping to clean the collecting surface. Parallel plate precipitators 

are the most commonly used precipitator type. The plates are usually less than 

twelve inches apart with the charging electrode suspended vertically between each 

plate. Gas flow is horizontal through the plates. 

 

8.3 MODES OF OPERATION. All types of ESPs can be operated at high or low 

temperatures, with or without water washing (table 8-l). 

 

8.3.1 HOT PRECIPITATION. A hot precipitator is designed to operate at gas 

temperatures above 600 degrees Fahrenheit and is usually of the single stage, 

parallel plate design. It has the advantage of collecting more particulate from the hot 

gas stream because particle resistance to collection decreases at higher 

temperatures. The ability to remove particles from the collection plates and hoppers 

is also increased at these temperatures. However, hot precipitators must be large in 

construction in order to accommodate the higher specific volume of the gas stream. 
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8.3.2 COLD PRECIPITATION. Cold precipitators are designed to operate at 

temperatures around 300 degrees Fahrenheit. The term “cold” is applied to any 

device on the low temperature side of the exhaust gas heat exchanger. Cold ESPs 

are also generally of the single stage, parallel plate design. They are smaller in 

construction than hot precipitator types because they handle smaller gas volumes 

due to the reduced temperature. Cold precipitators are most effective at collecting 

particles of low resistivity since particle resistance to collection is greater at lower 

temperatures. These precipitators are subject to corrosion due to the condensation 

of acid mist at the lower temperatures. 

 

8.3.3 WET PRECIPITATION. A wet precipitator uses water to aid in cleaning the 

particulate collection plates. It may employ water spray nozzles directed at the 

collection plates, or inject a fine water mist into the gas stream entering the 

precipitator. Wet precipitators enhance the collection efficiency of particulates by 

reducing reentrainment from the collection plates. Care should be taken so that 

water addition does not lower gas temperature below the dewpoint temperature, thus 

allowing the formation of acids. A wet precipitator can be of either plate or tube type 

construction. 

 

8.4 APPLICATIONS.  Electrostatic precipitators are among the most widely used 

particulate control devices. They are used to control particulate emissions from the 

electric utility industry, industrial boiler plants, municipal incinerators, the non-ferrous, 

iron and steel, chemical, cement, and paper industries. It is outside the scope of this 

manual to include all of these application areas. Only applications to boilers and 

incinerators will be reviewed. 

 

8.4.1 BOILER APPLICATION. Parallel plate electrostatic precipitators are commonly 

employed in the utility industry to control emissions from coal-fired boilers. Cold type 

precipitators are the prevalent type because they are most easily retrofitted. In the 

design of new installations, the use of hot precipitators has become more common, 

because of the greater use of lower sulfur fuels. Low sulfur fuels have higher particle 

resistivity and therefore particulate emissions are more difficult to control with cold 

precipitation. Figure 8-2 may be used for estimating whether hot precipitators or cold 

precipitators should be selected for a particular sulfur content of coal. 
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Figure 8-4 

Schematic views of flat end tubular surface type electrostatic precipitators 

 

8.4.2 WOOD REFUSE BOILER APPLICATIONS. An ESP can be used for 

particulate collection on a wood fired boiler installation if precautions are taken for 

fire prevention. The ESP should be preceded by some type of mechanical collection 

device to prevent hot glowing char from entering the precipitator and possibly 

starting a fire. 
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8.4.3 INCINERATOR APPLICATION. Until relatively recently, ESPs were used for 

pollution control on incineration units only in Europe. In the United States, however, 

the ESP is now being viewed as one of the more effective methods for the control of 

emissions from incinerators. The major problem associated with the use of 

precipitators on incinerators is high gas temperatures. Temperatures up to 1800 

degrees Fahrenheit can be encountered at the incinerator outlet. These 

temperatures must be reduced before entering a precipitator. Several methods can 

be used to accomplish this temperature reduction:  

• -mixing of the gas with cooler air, 

• -indirect cooling such as waste heat boilers, 

• --evaporative cooling in which droplets of water are sprayed into the gas. 
 

8.5 PERFORMANCE.  The performance of an electrostatic precipitator is 

predominantly affected by particle resistivity, particle size, gas velocity, flow 

turbulence, and the number of energized bus sections (electrically independent 

sections) in operation. 

 

8.5.1 PARTICLE RESISTIVITY. Particle resistivity is an electrical property of a 

particle and is a measure of its resistance of being collected. Particle resistivity is 

affected by gas temperature, humidity, sodium content, and sulfur trioxide (SO3) 

content. See figure 8-3. 

 

8.5.2 COLLECTION PLATE AREA. Collection plate area, and gas volume, affect 

electrostatic precipitator performance. The basic function relating these factors is 

shown in equation 8-l. 



 26 

 

Air Pollution Control Scrubbers & Precipitators | www.pdhlibrary.com 
 

 

 

TABLE 8-1 

OPERATING CHARACTERISTICS OF PRECIPITATORS
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8.5.3 BUS SECTIONS. The number of energized bus sections in a precipitator has 

an effect upon collection efficiency. A power loss in one energized bus section will 

reduce the effectiveness of the precipitator. See figure 8-4. 

 

8.5.4 TURBULENCE. Turbulence in the gas flow through an electrostatic precipitator 

will decrease its collection efficiency. For proper operation all segments of the flow 

should be within 25 percent of the mean flow velocity. 

 

8.6 DESCRIPTION OF COMPONENTS 

 

8.6.1 SHELL. The shell of an ESP has three main functions: structural support, gas 

flow containment, and insulation. Shell material is most commonly steel; if 

necessary, insulation can be applied to the exterior to prevent heat loss, Brick or 

concrete linings can be installed on shell interiors if gas stream corrosion of the 

metal may occur. Corrosion resistant steel can also be used as a lining, but the cost 

may be uneconomical and at times prohibitive. Since the shell is also used for 

structural support, normal civil engineering precautions should be taken in the 

design. 

 

8.6.2 WEIGHTED WIRE DISCHARGE ELECTRODES. Wires vary in type, size, and 

style. Provision is made to keep the discharge wire from displacement by attachment 

to a suspended weight. The wires can be made stiff, consisting of a formed sheet, or 

they can be simple variations of the normal straight round wire such as being barbed 

or pronged. Steel alloys are commonly used for wire construction, but actually any 
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conducting material with a proper configuration and sufficient tensile strength can be 

used. 

 

 

COAL FLY ASH 

RESISTIVITY-SULPHUR-TEMPERATURE 

 

Figure 8-2 

Operating ranges for hot/cold electrostatic precipitators 

 

8.6.2.1 RIGID FRAME DISCHARGE ELECTRODES. Rigid frame designs 

incorporate a framework which supports the discharge electrodes. By using the rigid 

frame design the need for wire weights is eliminated since the frame keeps the wires 

properly supported and aligned. 

 

8.6.2.2 RIGID ELECTRODES. The rigid electrode design uses electrodes that have 

sufficient strength to stay in alignment their entire length. The electrodes are 

supported from the top and kept in alignment by guides at the bottom. Rigid 

electrodes are the least susceptible to breakage. 
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8.6.2.3 COLLECTION ELECTRODES. There are numerous types of collection 

electrodes designed to minimize reentrainment and prevent sparking. The material 

used in construction, however, must be strong enough to withstand frequent rapping. 

In order to insure correct electrode application, it is wise to see if the electrode 

chosen has exhibited good performance at similar installations. 

 

8.6.2.4 HOPPERS. A hopper is used to collect ash as it falls from the precipitator. 

The hopper should be designed using precautions against corrosion in the 

precipitator, as any leakage due to corrosion will enhance entrainment. If the 

precipitator is dry, a hopper angle should be chosen that will prevent bridging of 

collected dust. 
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Figure 8-3 

Factors affecting particle resistivity 
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Hoppers must be sized so that the amount of dust collected over a period of time is 

not great enough to overflow and be re-entrained. Seals also must be provided 

around the outlet to prevent any air leakage. If the precipitator is wet, the hopper 

should allow removal of sludge in a manner compatible with the overall removal 

system. In general the collected dust in the hoppers is more free-flowing when kept 

hot. The hoppers should be insulated and should have heaters to maintain the 

desired temperatures. Hoppers heaters will also prevent the formation of acids that 

may occur at low temperatures. Provisions should be made for safe rodding out the 

hoppers should they become plugged. 

 

8.6.2.5 RAPPERS. Rappers are used to remove dust from the discharge and 

collection electrodes. Rappers are usually one of two types, impulse or vibrator. The 

vibrator type removes dust from the discharge electrode by imparting to it a 

continuous vibration energy. They are used to remove dust from the collection 

electrodes. Impulse rappers consist of electromagnetic solenoids, motor driven 

cams, and motor driven hammers. Important features to note in choosing rappers 

are long service life without excessive wear and flexible enough operation to allow 

for changing precipitator operating conditions. Low intensity rapping of plates (on the 

order of one impact per minute) should be used whenever possible to avoid damage 

to the plates. Visual inspection of the effect of rapping on reentrainment is usually 

sufficient to determine a good rapping cycle. 

 

8.6.2.6 HIGH TENSION INSULATORS. High tension insulators serve both to 

support the discharge electrode frame and also to provide high voltage insulation. 

The materials used are ceramic, porcelain, fused silica and alumina. Alumina is the 

most common. The insulators must be kept clean to prevent high voltage shorting 

and resultant equipment damage. Compressed air or steam can be used for this 

purpose. 

 

8.6.2.7 FOUR POINT SUSPENSION. Rigid electrode and rigid frame units may 

utilize a four point suspension system to support the discharge electrode framework 

in each chamber. This type of suspension system assures a better alignment of the 
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discharge and collection electrodes. This in turn provides a more consistent 

operation. 

 

8.6.2.8 DISTRIBUTION DEVICES. Perforated plates, baffles or turning vanes are 

usually employed on the inlet and outlet of an ESP to improve gas distribution. 

Improper distribution can cause both performance and corrosion problems. These 

distribution devices may require rappers for cleaning. 

 

8.6.2.9 MODEL TESTING. Gas flow models are used to determine the location and 

type of distribution devices. The models may include both the inlet and outlet 

ductwork in order to correctly model the gas flow characteristics. Gas flow studies 

may not be required if a proven precipitator design is installed with a proven 

ductwork arrangement. 

 

8.7 CONTROL SYSTEMS.  The electric power control system is the most important 

component system of any ESP. The basic components of this system are: step-up 

transformer; high voltage rectifier; voltage and amperage controls; and sensors. 

 

8.7.1 AUTOMATIC POWER CONTROL. By utilizing a signal from a stack 

transmission meter the power level in the precipitator can be varied to obtain the 

desired performance over a wide range of operating conditions. 
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Figure 8-4 

Bus sections vs. efficiency for different sulfur percentages in coal. 
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8.7.2 HIGH VOLTAGE TRANSFORMER. The standard iron core transformer is the 

only instrument generally used to step-up the input voltage. The only care that need 

be taken is that the transformer is of superior quality and able to put out the quantity 

of voltage required by the precipitator. Transformers are designed to withstand high 

ambient temperatures and electrical variations induced by sparking. For high 

temperature operation, the most common transformer cooling method is liquid 

immersion. 

 

8.7.3 HIGH VOLTAGE RECTIFIER. Silicon rectifiers are the latest advance in 

rectifying circuitry. They are solid state devices which have a few of the 

disadvantages of the other types of rectifiers. An assembly of silicon rectifiers is used 

for lower rated current sets, typically 500 mili-amperes (mA). 

 

8.7.4 VOLTAGE AND AMPERAGE CONTROLS. Controls are needed to insure that 

the precipitator is supplied with the maximum amount of voltage or power input, and 

to control the effects of sparking. The most modern method of accomplishing these 

aims is through the use of silicon controlled rectifiers (SCR). Other modern control 

devices are saturable reactors and thyristors (four element, solid state devices). 

Voltage control can also be accomplished by tapped series dropping resistors, series 

rheostats, tapped transformer primaries, and variable inductances. 

 

8.7.5 AUXILIARY CONTROL EQUIPMENT. As with any control device, gas flow 

should be monitored either by read-out of amperage from the fans or by measuring 

static pressure. It is also useful to have sensors which measure the sulfur dioxide 

(SO2) concentration and temperature of the inlet gas stream in order to determine 

the dewpoint temperature. 
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8.8 ADVANTAGES AND DISADVANTAGES 

 

8.8.1 ADVANTAGES. 

• The pressure drop through a precipitator is a function of inlet and outlet 
design and precipitator length. Pressure drop rarely exceeds 0.5 inches, water 
gauge. 

• The ESP can be designed to have 99.9 + percent collection efficiency. 

• Silicon control rectifiers and other modern control devices allow an 
electrostatic precipitator to operate automatically. 

• Low maintenance costs. 
 

8.8.2 DISADVANTAGES. 

• Due to the size of a typical ESP and the erratic nature of most processes 
(especially if frequent start-up and shutdowns occur) the temperature in 
different parts of the structure could at times drop below the acid dew point. 
Corrosion can cause structural damage and allow air leakage. 

• An ESP is sensitive to its design parameters. A change in the type of coal 
used, for example, could drastically affect performance. 

• High capital costs. 

• If particulate emission concentrations are high, a mechanical precleaner may 
be necessary. 

• High voltages are required. 

• No SO2 control is possible with an ESP. 
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Air Pollution Control Scrubbers and Precipitators - Quiz 

Updated: 12/4/2024 

 

1.  A scrubber utilizes a liquid to separate particulate or gaseous contaminants from gas. 
Separation is achieved through mass contact of the liquid and gas. Boiler emissions to be 
controlled include fly ash and _____________. Incinerator emissions to be controlled 
include fly ash, sulfur oxides and hydrogen chloride. 
 
a.  sulfur oxides 
b.  carbon monoxide 
c.  carbolic acid 
d.  sodium pentathol 
 
 
2.  For low energy scrubbers, particle collection efficiency is good for particles larger than 
one micron in diameter. Design pressure drop is about _________ inches of water for each 
plats. 
 
a.  2.5 
b.  2.0 
c.  1.5 
d.  1.0 
 
 
3. For preformed spray scrubbers, particle collection efficiency is good for particles larger 
than several microns in diameter. Pressure drops range from 1 to ____________ inches, 
water gauge. 
 
a.  6 
b.  5 
c.  4 
d. 3 
 
 
4.  Centrifugal scrubbers are used for both gas absorption and particle collection and 
operate with a pressure drop ranging from 3 to ____________ inches, water gauge. They 
are inefficient for the collection of particles less than one or two microns in diameter. 
 
a.  8 
b.  7 
c.  6 
d.  5 
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5.  For impingement and entrainment scrubbers, particle collection efficiency can be good 
down to particle sizes of one micron. Gas absorption and particulate collection are both 
enhanced when several moving bed stages are used in series. Pressure drops range from 2.5 
to_____ inches water gauge per stage. b. High energy scrubbers. 
 
a.  7 
b.  6 
c.  5 
d.  4 
 
 
6.  For venturi scrubbers, collection efficiency in a gas atomized venturi scrubber increases 
with pressure drop. Pressure drops of ________ inches water gauge or higher are utilized to 
collect sub-micron particles. 
 
a.  10 
b.  25 
c.  20 
d.  15 
 
 
7. The ejector venturi scrubber utilizes a high pressure spray to collect particles and move 
the gas. High relative velocity between drops and gas aids in particle collection. Particle 
collection efficiency is good for particles larger than __________ micron(s) in diameter. 
 
a.  50 
b.  25 
c.  one 
d.  one-tenth 
 
 
8.  The ______________ scrubber is more complex due to the necessity of the fan operating 
in a wet and possibly corrosive gas stream. 
 
a.  venturi 
b.  ejector venturi 
c.  dynamic (wetted fan)  
d.  low energy scrubber 
 
 
9.  Scrubbers may be used as control devices on incinerators and boilers for __________ 
collection. 
 
a.  verified 
b.  combustible 
c.  dissolved gas 
d.  fly ash 
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10.  An electrostatic precipitator (ESP) is a device which removes particles from a gas 
stream. It accomplishes particle separation by the use of an electric field which: removes 
the particle from the collection surface to a hopper by vibrating or _________ the collection 
surface. 
 
a.  blowing down 
b.  rapping 
c.  washing down 
d.  reverse osmosis of 
 
 
11.  Single stage electrostatic precipitators (ESPs) are designed so that the same electric field 
is used for _____________ and collecting particulates. 
 
a.  de-polarizing 
b.  grounding 
c. charging  
d. compacting 
 
 
12.  A hot precipitator is designed to operate at gas temperatures above ___________ 
degrees Fahrenheit and is usually of the single stage, parallel plate design. 
 
a.  600 
b.  500 
c.  400 
d.  300 
 
 
13.  Cold precipitators are designed to operate at temperatures around _________ degrees 
Fahrenheit. 
 
a.  500 
b.  400 
c.  300 
d.  200 
 
 
14.  In incinerator applications, temperatures up to ________ degrees Fahrenheit can be 
encountered by electrostatic precipitators at the incinerator outlet. 
 
a.  2100 
b.  1800 
c.  1500 
d.  1299 
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15.  Rappers are used to ____________ from the discharge and collection electrodes. 
 
a.  remove scale 
b.  provide diversion 
c. remove dust 
d.  collect sludge 
 

 


