
Annex to Control of Particulate Matter 

 



Control Techniques 

• Gravity settling chamber  

•  Mechanical collectors 

•  Particulate wet scrubbers 

•  Electrostatic precipitators 

•  Fabric filters 





• In systems where the large-diameter cyclone is located after 

the fan (positive pressure), the treated gas is usually 

discharged directly from the cyclone.  

 

 

• In systems where the cyclone is located before the fan 

(negative pressure), the gas stream is either exhausted from a 

separate stack or from the discharge of the fan itself.  

 

 

• In negative pressure systems, a solids discharge valve is used 

to prevent air infiltration up through the hopper area. 



• Small-diameter multi-cyclones, such as the one shown in Figure 2 

are capable of removing particles having diameters down to 5 

micrometers.  

 

• Small-diameter multi-cyclones are not generally used for very large 

diameter material, such as 3 mm and above, because large 

particles may plug the spinner vanes in the multi-cyclone tubes. 

 

• Some mechanical collectors are specially designed to provide high-

efficiency PM collection down to a particle size of one micrometer.  



• These have higher gas velocities within the cyclone tubes and 

different cyclone geometries than those shown in Figure 2. 

 

• A typical application of a conventional multi-cyclone collector is 

shown in Figure 3.  

 

• In this example, the multi-cyclone is located after a small, wood-

fired boiler and is used as a pre-collector for the fabric filter. 





Particulate Wet Scrubbers 

There are a number of major categories of particulate wet 

scrubbers: 

 

- Venturis    -Impingement and Sieve Plates 

- Spray Towers  -Mechanically Aided 

- Condensation Growth -Packed Beds 

- Ejector   -Mobile Bed 

- Caternary Grid  -Froth Tower 

-Oriented Fiber Pad  -Wetted Mist Eliminators  

 

•  We will discuss three of the above types of scrubbers: 

venturis, impingement plate scrubbers, and spray towers. 



Venturi Scrubbers 

• A typical venturi throat is shown in Figure 4.  

 

• Particulate matter, which accelerates as it enters the throat, 

is driven into the slow moving, large water droplets that are 

introduced near the high velocity point at the inlet of the 

venturi throat.  

 

• The adjustable dampers in the unit illustrated are used to 

adjust the open cross-sectional area and thereby affect the 

speed of the particles entrained in the inlet gas stream. 





Impingement Plate Scrubbers 

•  An impingement plate scrubber is shown in Figure 5.  

 

• These scrubbers usually have one to three horizontal plates, 

each of which has a large number of small holes.  

 

• The gas stream accelerating through the holes atomizes 

some water droplets in the water layer above the plate.  

 

• Particles impact into these water droplets. 





Spray Tower Scrubbers 

• A typical spray tower scrubber is shown in Figure 6.  

 

• This is the simplest type of particulate wet scrubber in 

commercial service.  

 

• Sets of spray nozzles located near the top of the scrubber 

vessel generate water droplets that impact with particles in 

the gas stream as the gas stream moves upwards. 





• Each of the categories of particulate wet scrubbers listed 

earlier has a large number of different design types.  

 

• For example, venturi scrubbers include the following different 

design types: (1) fixed throat, (2) adjustable throat. 

 

• Spray tower scrubbers include these design types: (1) open, 

(2) cyclonic. 

 

• The scrubber categories listed above comprise more than fifty 

different types of scrubbers in common commercial use.  

 

• Scrubbers are by far the most diverse group of air pollution 

control devices used for particulate control. 



Wet Scrubbing Systems 

•  Each particulate wet scrubber vessel is part of a large, and 

sometimes complex, wet scrubbing system.  

 

• For example, Figure 7 illustrates a venturi scrubber in a 

scrubbing system.  

 

• The evaporative cooler, located before the venturi scrubber 

in the system, cools the gas stream, which serves the 

following purpose: 

 

   1- It protects the construction materials of the venturi throat. 



2- It helps to homogeneously and heterogeneously nucleate 

vapor phase material emitted from the process before it 

reaches the scrubbing system.  

 

3-It prevents the water droplets from evaporating and inhibiting 

inertial impaction. 



Collection Efficiency of Wet Scrubbers 

• The velocities of the particle-laden gas stream and the liquid 

targets vary substantially.  

 

• There are substantial differences in the ability of particulate 

wet scrubbers to collect particles less than approximately 5 

micrometers.  

 

• This is illustrated in Figure 8.  





• If a significant portion of the particulate matter mass is 

composed of particles < 5 micrometers, care is needed to 

select the type of scrubber that is effective in this size range. 

 

• It should be noted that some types of wet scrubbers have 

limited capability to remove particles in the less than 0.3-

micrometer range.  

 

 

• These particles are so small that their movement is influenced 

by collisions with individual molecules in the gas stream. 



Advantages and Disadvantages of Scrubbers 

• Many types of particulate wet scrubbers can provide high 

efficiency control of particulate matter.  

 

• One of the main advantages of particulate wet scrubbers is 

that they are often able to simultaneously collect particulate 

matter and gaseous pollutants.  

 

• Also, wet scrubbers can often be used on sources that have 

potentially explosive gases or particulate matter.  

 

• They are compact and can often be retrofitted into existing 

plants with very limited space. 



• One of the main disadvantages of particulate wet scrubbers 

is that they require make-up water to replace the water 

vaporized into the gas stream and lost to purge liquid and 

sludge removed from the scrubber system.  

 

• Wet scrubbers generate a waste stream that must be 

treated properly. 



• Figure 9 shows the scale of a typical electrostatic precipitator 

used at a coal-fired boiler.  

 





Advantages and Disadvantages of ESPs 

• Electrostatic precipitators can have very high efficiencies due 

to the strong electrical forces applied to the small particles.  

 

 

• These types of collectors can be used when the gas stream is 

not explosive and does not contain entrained droplets or 

other sticky material. 

 

 

• The composition of the particulate matter is very important 

because it influences the electrical conductivity within the 

dust layers on the collection plate.  

 





Advantages and Disadvantages of Fabric Filters 

• Fabric filters are used in a wide variety of applications where 

high efficiency particulate collection is needed.  

 

• The control efficiencies usually range from 99% to greater 

than 99.5% depending on the characteristics of the particulate 

matter and the fabric filter design.  

 

• Fabric filters can be very efficient at collecting particles in the 

entire size range of interest in air pollution control. 



• The performance of fabric filters is usually independent of the 

chemical composition of the particulate matter (compare this to 

what we mentioned earlier for the ESP).  

 

• They are not used when the gas stream generated by the 

process equipment includes corrosive materials that could 

chemically attack the filter media.  

 

• Fabric filters are also not used when there are sticky or wet 

particles in the gas stream.  

 

• These materials accumulate on the filter media surface and 

block gas movement. 



• Fabric filters must be designed carefully if there are 

potentially combustible or explosive particulate matter, gases, 

or vapors in the gas stream being treated.  

 

• If these conditions are severe, alternative control techniques, 

such as wet scrubbers, are often used. 



General Applicability of Particulate  

Control Systems 

• Particulate matter control systems are often selected based on 

the general criteria listed in Figure 15. 



• If there is a high concentration of wet and/or sticky particulate 

matter, either a particulate wet scrubber or a wet electrostatic 

precipitator is used.  

 

 

• If wet or sticky materials are present with combustible 

materials or explosive gases or vapors, the particulate wet 

scrubber is most appropriate. 

 

 

• If the particulate matter is primarily dry, mechanical collectors, 

particulate wet scrubbers, conventional electrostatic 

precipitators, and fabric filters can be used.  



• The next step in the selection process is to determine if the 

particulate matter and/or gases and vapors in the gas stream 

are combustible or explosive. 

 

 

• If so, then mechanical collectors or particulate wet scrubbers 

can be used because both of these categories of systems 

can be designed to minimize the risks of ignition.  

 

 

• In some cases, a fabric filter can also be used if it includes 

the appropriate safety equipment. 



• An electrostatic precipitator is not used due to the risk of 

ignition caused by electrical sparking in the precipitator fields.  

 

• When selecting between mechanical collectors and wet 

scrubbers, mechanical collectors are the more economical 

choice.  

 

• They have a lower purchase cost and a lower operating cost 

than wet scrubbers. 

 

• If the dry particulate matter is present in a gas stream that is 

not combustible or explosive, the selection depends on the 

particle size range and the control efficiency requirements.  



• If a significant portion of the gas stream is in the less than 

0.5-micrometer size range, and high efficiency control is 

needed, a fabric filter is the most common choice.  

 

• If a significant portion of the particulate matter is in the 0.5- to 

5-micrometer size range, and high efficiency control is 

needed, fabric filters, electrostatic precipitators, or particulate 

wet scrubbers (certain types) could be used.  

 

 

• If most of the particulate matter is larger than 5 micrometers, 

any of the four main types of particulate control systems could 

be used. 

 



•  There are numerous exceptions to the general applicability 

information presented above due to site-specific process 

conditions and unique particulate matter control systems.  

 

 

• Nevertheless, this chart provides a general indication of the 

uses and limitations of many commercially available 

particulate matter control systems. 


