Unit 3:  Air Pollution Measurement

Model Answers to Learning Activities

Air Pollution

Unit 8:  Air Pollution - Particulate Matter II


expression applicable to all wet-scrubbers. Empirical or semi-empirical expressions are available for each case whereby we can determine the value of NT and hence the value of efficiency of separation from Equation 8.3.

Let us consider an example in order to understand the application of the generalised Equation 8.3 for wet scrubbers.

We will continue with the example of the wet scrubber discussed in Section 8.1, but instead of any wet scrubber, we will be more specific. The wet scrubber we will now consider is a cross-flow gravity scrubber with the following additional data:

Height of the scrubber = 5 m

Area of cross-section = 2 m x 2 m

Flow rate of gases from the foundry = 250 m3/h

Volume rate of water used for scrubbing the gases from the foundry = 5 m3/h

Suppose that we are required to find the separation efficiency of 5-micron particle in the cross flow scrubber.

Target efficiency, (T, calculated in Section 8.1, was 0.14. And, therefore:
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= 42

The efficiency of separation for a 5-micron particle in the cross flow scrubber:


= 1 – exp (-42)


= 1 (almost)

Therefore, all the particles of size 5 microns and above are separated with 100% efficiency in the scrubber.



8.4
COMPARISON OF SEPARATION

EQUIPMENT

Each technology has its own advantages and disadvantages. For example, an equipment may be small in size but costly to operate, another may prove to be low in capital cost but may be high in operating cost and yet another may be low in both capital and operating costs but may generate wastes that are difficult to treat before final disposal. Keeping this in view, we suggest below the salient features of some equipment to meet the requirements, and this should help you make an appropriate choice from the viewpoint of air pollution control for the particulate matter:

(i) Cyclone separators: These are typically used when:

· the dust is coarse in size (more than 5 microns);

· the concentration of particles is high (more than 35 g/m3);

· the moderate efficiency is required for small particles;

· the classification with respect to size is required.

(ii) Electrostatic precipitators:  These are typically used when:

· valuable materials are to be recovered;

· very large flow rates of gases are to be handled;

· very high efficiencies are required;

· very fine particles are present.

(iii) Fibre bed filters: These are typically used when:

· the concentration of particles in the gas is extremely low;

· the occasional discontinuous and one-time gas flows are to be handled;

· the final clean-up of the gas/air is required;

· the flow-rate of gas/air is low.

(iv) Fabric filters: These are typically used when:

· the particle concentration in the gas is large;

· the high efficiency of separation is required;

· the gas is always above its dew point;

· the temperature of gas is relatively low;

· the solid particles are required in dry form.

(v) Wet scrubbers: These are typically used when:

· the cooling of gas is desirable and the moisture is not objectionable;

· the fine particles build up electrostatic charge in dry form;

· both particulate and gaseous pollutants are to be removed;

· some of the gaseous components are combustible;

· a relatively high efficiency is required;

· the gas flows are low so that pumping cost is kept within reasonable levels.

Following points should also be kept in mind, while making a choice of equipment:

(i)
Sticky particles (e.g., tarry material) should be collected in a throwaway filter into a liquid or a wet scrubber, a cyclone or an electrostatic precipitator, whose collecting surfaces are irrigated by a flowing stream of water.

(ii)
For non-sticky particles larger than 5 microns, a cyclone separator is the only separating device to be considered.

(iii)
For particles much smaller than 5 microns, we normally choose from electrostatic precipitators, filters or wet scrubbers.

(iv)
For particles with wide distribution of size (say, between 0.1 and 50 micron), we would normally use more than one collecting device.

(v)
For large flow rate of gases, pumping costs make liquid scrubbers expensive. If high efficiencies have to be maintained, the possibilities of using other devices should be explored. 

(vi)
Corrosion and dew point  (i.e., temperature at which moisture starts condensing) considerations should be kept in mind.

(vii)
Fibre mat and bag filters are widely used for particle collection. Bag filters are, generally, used to collect most of the particles from a heavily laden gas stream. Fibre mat filters are used for final clean up of air or gas.

(viii)
To collect small particles efficiently, we must use a scrubber where the relative velocity between the gas being cleaned and the drops of the liquid should be high. For this reason, we use the co-current flow venturi scrubbers.


SUMMARY

In continuation with Unit 7 in which we discussed some aspects of air pollution control for particulates, we explained more control aspects in Unit 8. We began the Unit with a discussion on the processes involved in aerodynamic separation of particles. We then explained fibre and fabric filters. We also considered some wet collection methods and in that context described cross-flow gravity scrubber, counter-current flow gravity scrubber, venturi scrubber and plate type scrubbers. We ended the Unit by listing some important points for the selection of appropriate air pollution control devices.  

Note that the devices we discussed in the Unit could be used for preventive control as well as end of pipe treatment, i.e., after all the means to remove the particles at source have been used.
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(LEARNING ACTIVITY 8.5





Identify from the following statements, the ones that are true.





(i)	Fabric/bag filters are used to classify particles into different sizes.


(ii)	Electrostatic precipitators are high efficiency units.


(iii)	Fibre bed filters can be used to efficiently separate very sticky particles.


(iv)	Wet scrubbers can be used to remove SO2 along with ash particles.


(v)	Cyclone separators can be used to remove efficiently particles of more	than 10 microns.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with your tutor.














(LEARNING ACTIVITY 8.4





In a gravity scrubber, the flow rate of liquid is 4 m3/h.  If all the liquid is coming in the form of spherical drops of 0.5mm size, determine the number of drops falling in the scrubber per unit time. 





Note:


a)	Write your answer in the space given below.


b)	Check your answer with your tutor.
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