Unit 3:  Air Pollution Measurement

Model Answers to Learning Activities

Air Pollution

Unit 8:  Air Pollution - Particulate Matter II


There are 2 types of air filters that we can make use of, the first type consists of fibre mats or deep bed filters and the second type makes use of a filter medium in the form of a cloth. We will discuss both these types of filters in the Subsection 8.2.1 and 8.2.2, respectively.


8.2.1
Fibre filters

Fibre filters are made up of very fine fibres packed together between appropriate supports.  These are deep filters like coir filters in air conditioning applications or the filter placed at the end of cigarettes. If the air containing particles is passed through these filters, the particles get separated and entrapped in the void spaces of the filter. If particles fill the spaces between the fibres, the pressure loss of air passing through the filter increases and the filter will have to be replaced by a fresh filter. It is, therefore, necessary that these filters are used only when the concentration of particles in the gas is low, otherwise the filter will have to be replaced quite often.

As Figure 8.1 suggests, the smaller the diameter of the fibre (D), the better is the separation. We should, therefore, use as small a diameter of the fibre in the filter as possible.  The use of glass fibres is quite common in the manufacture of fibres. In India, glass fibres of 0.3 micron are widely used in what are called the HEPA filters (High Efficiency Particle Air Filters). Glass fibre filters are also used for the measurement of particulate concentration in a high volume sample. Note that one could use different sizes of glass fibres, depending on application.

If we know the target efficiency of a single fibre, we can determine the overall efficiency of a fibre filter. The following Equation can be used for the purpose:

Efficiency = 1 – exp 
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Equation 8.2




where
(
= void fraction of the filter

ZT
= depth of the filter, m

 
(T
= target efficiency of single fibre, and


D 
= diameter of the fibre, m

Let us now find the efficiency of a fibre filter of thickness 2.5 mm, made up of glass fibres of size 10 microns diameter. The target efficiency of a single glass fibre for particles of 1 micron for hot gases flowing at a velocity of 0.5 m/s from a lead smelter has been found to be 0.022. Suppose that we are called upon to find the efficiency of the unit if the void fraction in the fibre filter is 0.95.

Setting different values in Equation 8.2, we get: 

Efficiency 
= 1 – exp 
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= 1 – 0.692 or 36.8 percent.


8.2.2
Fabric filters

The fibre filters discussed in Subsection 8.2.1 are generally arranged in the form of mats or deep beds, and we can use them only when the concentration of particles in the gases is very low.  Due to their excellent collection efficiency even at high concentrations, fabric filters are widely used for industrial gas cleaning and several other applications.

The operation of a fabric filter is periodic. After cleaning, the dust layer starts accumulating until the pressure loss across the filter becomes excessive and the new cleaning becomes necessary. The filtration is done by the cake formed by the dust and not by the cloth that acts to support the layer of dust. As the filtration starts, a preliminary layer of cake is formed on the filter medium (i.e., cloth), depending on the nature of the cloth, the twist of the thread and electrical properties of the material of the cloth. Once the preliminary layer of the cake has been formed, the cake itself does the filtration of the gas.

The fabric filters, also called bag filters, are in the shape of cloth tubes arranged in the bag-house space. A number of tubes in multiple rows provide the necessary area of filtration. Efficiencies of 99% and above can be achieved for particles of as small a size as 1 micron. Bag filters are ideally used when the concentration of particles in the gas is more than 1 g/m3 that is sufficient to form a cake on the cloth. The main advantage of bag filters is that the particles can be removed in a dry form. The solids are removed from the bags by collapsing them by reducing their tension or making use of the reverse jet.

The collection efficiency of a bag filter does not much depend on the mass flow rate, and therefore, its working range is wide. The pressure loss is also moderate. They can also be used in chemically and thermally demanding environments, if the bag material is properly selected. Table 8.1 gives the important properties of the fabric/fibre materials that are commonly used:

Table 8.1   

Fabric Materials Currently in Use

	Fabric Type
	Maximum Temperature, ºC
	Acid

Resistance
	Alkali Resistance
	Abrasion Resistance
	Fluoride Resistance

	Cotton

Polypropylene

Polyester

Teflon

Glass Fibre

Nomex
	80

90

135

230

260

200
	Poor

Excellent

Good

Excellent

Fair to good

Poor to fair
	Good

Excellent

Good

Excellent

Fair to good

Excellent
	V. Good

V. Good

V. Good

Fair

Fair

Excellent
	Poor

Poor

Poor to fair

Poor to fair

Poor

Good


Note that depending on the operating temperature, we can choose an appropriate material for fabric/fibre filters.

Some of the disadvantages of bag filters, however, are the following:
· Space requirement is more.

· Permissible temperatures of operation are limited.

· Limited cloth life that necessitates frequent replacement.

· Electrostatic charge build-up for insulating particles necessitating use of inert gas atmosphere in order to avoid explosions.

· Particles, clogging the holes of the filter cloth, are lost.

Let us now discuss the two most widely used bag filters designs.

Shaker bag filter 

It consists of a large number of cylindrical hollow cloth bags that are closed on the top. The bags are hung from a support. The lower ends of the bags are clamped onto cylindrical sleeves attached to a plate at the bottom. The dirty gas containing the particles enters the space below the bottom plate and travels into 



















































































































(LEARNING ACTIVITY 8.2





The average efficiency of a fibre filter with a void fraction of 0.95 was found to be 30.8%. Other things remaining the same, if the void fraction is changed to 0.9, what will be efficiency of separation?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with your tutor.
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