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Abstract

In this project a method of treating air pollution will be developed and
monitoring the air quality in order to help in solving one of the biggest

problems facing the all of the world.

The main idea of this project is to clean up the smoke that comes from the
chimneys of factories through the use of water. As we know that some
of these gases can dissolve in water according to Henrys Law in different
percentage of solubility; that depends upon the relation between the water
and the gases (combustion pases:CO,S04NOx...etc), temperature &
pressure applied on the surface of the water, Also some of these gas
molecules not dissolve in water but it can reduce its size through the
Adhesion force which will appear between the smoke (gases) and water

molecules.

In this project also a prototype will be made for the purification process

and many experiment will be done to see the reduction percent of the

combustion gases,




Contents :

CHAPTER 1  Air Pollution Problem 1
A Introduction 5
History of Air Pollution 3
1.3 Justification for Choosing the Project 4
4 General Description of the Project 5
1.5 Time Tuble 7
Budget 8
CHAPTER 2  Air Pollutants 9
2] Introduction 10
22 Air pollutant Sources 10
23 Major Classifications of Air Pollutants 12
2301 Carbon Monoxide (CQ) 12
232 Sulfur oxides (mainly 8Os, or sulfur dioxide) 13
533 Nitrogen Oxides - NO (niiric oxide) & NO, (nitrogen 14
dioxide) |
234 Volatile Organic Compounds 16
1 3.5 Suspended Particulate Matter (SPM) 17
2.3.6 Toxic compounds 18
2.3.7 Pholochemical Oxidants 18
> Smog 19
239 Agid Precipitation 19
2391 Acid Deposition Formation 20

Vi




Il
Lig
' |

=4.1

CHAPTER 3

33 1.0

- =

i d
1)
=

CHAPTER 4

CHAPTER 5

Elfeets of Acid Deposition

Effects of Air Pollution on Human lHealth
Human Respiratory System

Green House Effect (Global Warming)

Air Pollution Control

Introduction

The Main Processes of Removing Pollutants

Basic Mechanisms of Collection Pollutanis Particles
[mpaction

Interception

Dittusion

Collection Mechanisms and Particle Size

devices for Wert Scrubbing

Mathematical Modeling
Centrifupal fan

Combustion process calculations
Gas flow calculations

Caleulation of Reynolds Number

lHenry's Law

Gas Velocity

Results and Conclusion
Measuring of (NO; SO: NH3, HCN)

23

26

or
28

35

36

37

40
40

31
41

43
51
52
54
57
58
61
64
66
67

VI




31 The percentage of reduction of sulfur dioxide 70

5.1.2 The percentage of reduction of Ammonia 72

8 The percentage of reduction of HCN 73

5.2 Measuring of (CO HyS.0..VOC,LEL) 74

S The percentage of reduction of carbon monoxide 77

52,2 I'he percentage of reduction of hydrogen sulfide T8

523 The percentage of reduction of volatile organic compounds 79

524 The percentage of reduction of Lower Explosive Limit 79

FoeiiD The percentage of 0 before and afier the treatment process 79

Measuring of (CO,) 80

5.4 Water test g1

5.5 Recommendation 83
Relerences Vi

APPENDICES 84




List of Tables:

Table No Title Page
-1 Time Table D e
Budget 8
2.1 Gases involved in the Greemhouse Effect: past and i3
present concentrabion and sources,
Air Pollution Control Technologies 38
4.1 characteristics of centrifugal fan 55
Classification of Gas flow tvpes 61
4.3 Henry's law concentration for common gases in water 04
Units of measure for velocity 65
4.5 The velocity of the gas stream 65

5.1 High & low level of alarm of vRAE instrument (MGM) 69

5.2 % of reduction of SO 70
% of reduction of NH; 2
5.4 % of reduction of HCN 73
% of reduction of CO y i
% of reduction of Ha8 78
% of reduction of VOC 76
S5 % of reduction ! LEL 79
3.9 % of neduction of O, 79
5.10 % ol reduction of CO; 80
Guidelines for drinking water §l




List of Figures:

Figures No Title Page
1.1 Air Pollutants Ln the Atmosphere 2
2 schematic diagram of the project 5
.3 schematic diagram of the prottype 6
.4 3D drawing for the prototype 6
2.1 The Layers of the Atmosphere 11
2.2 Molecule of CO 12
2.3 The percentage of NOy. 14
2.4 The pH scale 20
2.5 Several processes can result in the formation of acid =
deposition
1.6 Lake Acidification 24

2.7 Comparison Between the Plant Earth Venues amd Mars 28

2.8 The Percentage of all the Sunlight 29
29 Annual (1987) quamtity of oulgoing long wave 29
radiation absorbed in the atmosphere.
210 following graph illustrates the rise in atmospheric 3]
carbon
3.1 Impaction Process 39
3.2 Interception Process 39
3.3 Diffusion process 39
3.4 Spray Tower 43
3.5 Cyclenic Spruy Tower 44
3.0 Sclf-induced Spray Tower 46
3.7 Impingement Plaie Scrubber 47

18 Venture Scrubber 48




io Venture Jet Scrubber 49

3.10 Primary capture mechanism 50
3.1 Single-droplet target efficiency for ribbons, spheres, 50
and cylinders,

1.1 Centrifugal fan blades 22
42 dimension of water tank 53
| the supposed space 55
44 Laminar flow 5%
4.5 Turbulent flow 58
4.6 Henry's law solubility curve for SOa- HaO 62
4.7 Gas velocity calculation based on the flow area and 64

flow rale
4.8 Pocket weather tracker 65

-H Multi Gas Monitor PGM 3000 67
2.2 Measurement before treatment process 68
3.3 Measurements after treatment process 69
54 Pressure of the gases over the solvent 70
5 Solubility of 8O, in water 71
5.6 Solubility of NH; in water 72
5.7 Entry RAE PGM 3000 74
5.8 Measurement before tréatment process 75
3.9 Measurement after treatment 76

2.10 Solubility of CO 77
S5.11 Salubility of Ha8 in water 78
3.12 Llltra 4/5 gas analyzer 80
313 Solubility of CQ- in water 80
5.14 photometer (Visocolor umweltkoffer.pf-1117371) 81

comumon pH values g2




CHAPTER ONE

AIR POLLUTION PROBLEM




Air Pollution Problem

This chapter talks about the air pollution problem in general, the history of the

problem and the main reasons for choosing the project.

1.1 Introduction

Air Pollution, addition of harmful substances to the atmosphere resulting in damage to
the environment, human health, and quality of life. One of many forms of pollution,
air pollution occurs inside homes, schonls, and offices. in cities, across continents.
and even globally. Air pollution makes people sick it causes breathing problems and
pramotes cancer and it harms plants, animals, and the ecosystems in which they live.
Some air pollutants return to Earth in the form of acid rain and snow, which corrods
statues and buildings, damage crops and forests, and muke lakes and streams
unsuitable for fish and other plant and animal life see ficure 1.1.

Figure 1.1: Air Pollutants in the Atmasphere

Paliution is changing Earth’s atmosphere so that it lets in more harmful radiation from
the Sun. At the same time, our polluted atmosphere is becoming a better insulator,




preventing heat from escaping back into space and leading to a rise in global average
lemperatures. Scientists predict that the lemperature increase, referred to as global
warming, will affect world food supply, alter sea level, make weather more extreme,
and ingrease the spread of tropical disease,

1.2 History of Air Pollution

Air pollution, particularly in cities, is certainly not a new problem. Back in the middle
ages. the use of coal in cities such as London was beginning to escalate. The problems
of poor urban air quality even as carly as the end of the 16th century are well
documented.

In the UK the Indusirial Revolution during the 18th and 19th centuries was based on
the use of coul, Industrics were often located in towns and cities, and together with the
buming of coal in homes for domestic heat, urban air pollution levels often reached
very high levels. During foggy conditions, pollution levels escalated and urban smog's
(smoke and fog) were formed. These often brought cities lo a halt, disrupting traffic
but more dangerously causing death rates o dramatically rise. The effects of this
pollution on buildings and vegetation also B vepetation became obvious. The 1875
Public Health Act contained a smoke abalement section to try and reduce smoke
pollution in urban areas.

During the first part of the 20th century, tighter industrial controls lead to a reduction
in smog pollution in urban areas. The 1926 Smoke Abatement Act was aimed al
reducing smoke emissions from industrial sources, but despite the declining
imporiance of coal as a domestic fuel, pollution from domestic sources remained

significant.

The Great London Smog of 1952, which resulted in around 4.000 extra deaths in the
city, led 1o the introduction of the Clean Air Acts of 1956 and 1968. These introduced
smokeless zones in urban areas, with a tall chimney policy 1o help disperse industrial

air poliutants away from built up areas into the atmosphere,




Following the Clean Air Acts, air quality improvemenls continued throughout the
1970s. Further repulations were introduced through the 1974 Control of Air Pollution
Act. This included regulations for the composition of motor fuel and limits for the
sulphur content of industrial fuel oil.

However. during the 1980s the number of motor vehicles in urban areas steadily
mereased and air quality problems associated with motor vehicles became maore
prevalent. In the early 1980s. the main interest was the effects of lead pollution on
human health, but by the late 1980s and early 1990z, the cffects of other motor
vehicle pollutants becurme a major concem. The 1990s have seen the occurrence of
wintertime and summertime smog's. These are not caused by smoke and sulphur
dioxide pollution but by chemical reactions occurring between motor vehicle

pollutants and sunlight. These are known as ‘photochemical smog,

In 1995, the Government passed its Environment Act, requiring the publication of a
National Air Quality Strategy to set standards for the regulation of the most common
air pollutants. Published in 1997, the National Air Quality Steategy has set
commitments for local authorities to achieve new air quality objectives throughout the
UK by 2005. It is reviewed periodically

1.3 Justification for Choosing the Project

The main goal for choosing this project is to help in solving one of the biggest
problems facing all of the world as mentioned before (air pollution),

There is a scientific belief that these gases cause health problems for humans

especially the respiralory system, so this project helps in reduce the chances of

infection.




1.4 General description of the praject

This praject is based on an experiment so that a prototype will be made _it contains a
combustion chamber , fan , water tank and pipes. In the combustion chamber a pices

of rubber will burned so us the chamber is connected with fan through pipes then the
fan forced the smoke to enter the water tank by centrifugal effect. the tank containg
number of metal barriers that force the smoke to follow through tortuous parh; the
tank is contains water up to 40 cm of its height, along this bath the smoke will be
washed by the waler because of the fan, since its pressure must be greater than the

water pressure, then the smoke continues its trip o the atmosphere |

Alfler that the measuring process of some gases percentage will be done before and

after the washing process , see fgure (1.2-1.3) ,
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Figure 1.2: schematic diagram of the prototype
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Figure 1. 3:schematic diagram of the project

Figure 1.4: 31> drawing for the prototype
Nole: in the last semester (proposal) a another protolype have been made. The
principle of operation is using number of water jet in order to wash the gas, but 5
problem was oceur is that we need large number of waler jets, on the other hand, the
circulating water will evaporates during the process ., so we use the same idea of
scrubbing by water but in large water tank which keeps the same amount of water and
to be sure that all the gas will Now throw the water |




1.5 Time Table

Table 1.1; Time table

Subject

Choosing tha project tide

General study about the
project

Studylng alr poliution
(sources and affacts)
Studylng methods of alr
pollution eontraol

Design the prototype

Making experiments on the

Eprototyps
Caiculations and drawing

Freparing presentation
Documentation




1.5 Budget

Table 1.2: Budget

' Pipes and stand 500

' Flow control valves 250

Water tank 1850

_, measuring devices:(to measure percentage of  ——--
gases after and before the process )
Combustion chamber 350
Blower 1000
Other expenses 300
Total 4450




CHAPTER TWO

AIR POLLUTANTS




Air Pollutants

2.1 introduction

This chapter focus on the air pollutant sources, the major classifications of air

pollutants and effects of air pollution on human health, animals & all of the planet,

2.2 Air Pollutant Sources

Most air pollution comes from one human activity: burning fossil fuels, natural gas,
coal, and oil to power industrial processes and motor vehicles. Among the harmful
chemical compounds this burning puts into the atmosphere are carbon dioxide, carbon
manoxide, nitrogen oxides(NOx). sulfur dioxide(SO;), and tiny solid particles
including lead from gasoline additives called particulates. Between 1900 and 1970,
motor vehicle use is rapidly expanded, and emissions of nitrogen oxides, some of the
most damaging pollatants in vehicle exhaust, incrcased 6%0 percent. When fuels are
incompletely bumned. various chemicals called volatile organic chemicals (VOCs) also
enter the air. Pollutants also come from other sources. For instance, decomposing
garbage in landfills and solid waste disposal sites emits methanc gas, and many
household products give off VOCs. !

Some of these pollutonts also come from natural seurces. For example. forest fires
emit particulates and VOCs into the atmosphere. Ultratine dust particles, dislodged by
soil erasion when water and weather loasen lavers of soil. increase airbome
particulate levels. Voleanoes spew out sulfur dioxide and large amounts of pulverized
lava rock known as volcanic ash. A big voleanic eruption can darken the sky over a
wide repion and alTect the Earth's entire atmosphere. The 1991 eruption of Mount
Pinatubo in the Philippines, for example, dumped enough volcanic ash into the upper
atmosphere W lower global temperatures for the next two years, Unlike pollutanis
from human activity, bowever, naturally occurring pollutants tend 1o remain in the
atmosphere for a short time and do not lead to permanent atmospheric change.

10




Once in the atmosphete, pollutants often undergo chemical reactions that produce
additional harmful compounds. Air pollution is subject to weather patterns that can
trap it in valleys or blow it across the globe to damage pristine environments far from

the original sources.

As we know that the land surrounded by the atmosphere which is layer of gases
surrounding the planet Earth and retained by the Earth's gravity and the [igure below
shows the layers of the atmosphere.

Stratosphere

Tropopauce

i raposphere

i kmm

Figure 2.1: The Layers of the Atmosphere.

The battom layer of the atmosphere (7-16km) is cortains most of the air about 75%.

11




1.3 Major Classifications of Air Pollutants

Air pollutants can be classified into

2,31 CO (carbon monoxide)

FFigure 2.2: Molecule of CO

LCarbon monoxide is an odorless, colorless gas that can be fatal when breathed.
Symploms of carbon monoxide poisoning are similar to flu and allergies, and
therefore often go undetected. Low levels can cause nausea, dizziness, weakness, and

muscle ache, Higher doses can impair judgment, cause paralysis or coma, and deuth.

Dangerous levels of CO gas build up. usually hecause the exhaust of combustion
appliances iz nol properly vented, or when combustion equipment is not in good
working order and is not regularly inspected for safe operation.

Carbon monoxide is an extremely dangerous poison. Because it is an odorless and
tasteless pas, it gives no waming of its presence, It binds to the hemoglobin in blood
1o form a compound that is so stable that it cannot be broken down by body processes.
When the hemoglobin is combined with carbon monoxide. it cannot combine with
axygen: this destroys the ability of hemoglobin o carry essential oxygen to all paris
of the bedy. Suffocation can occur i’ sufficient amounts of carbon monoxide ars

peesent to form complexes with the hemoglobin.

20 +C—H,+CO

12




2.3.2 Sulfur oxides (mainly S0, or sulfur dioxide)

Sulfur dioxide is produced by combustion of sulfur-containing fuels, such as coal and
fuel oils. Also , in the process of producing sulfuric acid and in metallurgical process
mvolving ores that contain sulfur, Sulfur oxides can injure man, plants and materials.
At sufficiently high concentrations, sulfur dioxide irritates the upper respiratory tract
of human beings because potential effect of sulfur dioxide is to make breathing more
difficult by eausing the finer air tubes of the lung to constrict. "Power plants and
Factories emit 90% to 95% of the sulfur dioxide and 57% of the nitrogen oxides in the
United States. Almost 60% of the SO, emissions are released by tall smoke stukes,
enabling the emissions to travel long distances”. As emissions of sulfur dioxide and
nitric oxide from stationary sources are transported long distances by winds, they
form secondary pollutants such as nitrogen dioxide, nitric acid vapor. and droplets
containing solutions of sulfuric acid. sulfate, and nitate salts. These chemicals
descend to the earth's surface in wet form as rain or snow and in dry lorm as a gascs
fog, dew, or solid particles. This is known as acid deposition or acid rain. Sulfur
oxides (30y) are colorless gases that are the result of burning sulfur. All fuels used by
man (oll, coal, natural gns, wood, ctc.) contain some sulfur. The primary source of
sulfur oxides is the burning of these fossil fuels, particularly coal, at power plants for
electricity. During the combustion process, sulfur reacts with oxygen to form sulfur
dioxide (50z). Sulfur dioxide is used as an indicator of all sulfur oxide (SO,)
concentrations in the ambient air, because it is the most easily measured sulfur oxide.
The NAAQS for SO, is 80 g/m3 on an annual average or 365 g/m3 for a 24-hour

average.”
Note that the chemical formula of SO, is:

S3+80:— 880

13




21.3.3: Nitrogen Oxides - NO (nitric oxide) & NO; (nitrogen dioxide)

Controls, especially in automobiles and in industrial fuel consumption, Nitrogen
oxides, or NOy, are the generic term for a group of highly reactive gases. all of which
contain nitrogen and oxygen in varying amounts. Many of the nitrogen oxides are
colotless and edorless. However, one common pollutant, nitrogen dioxide (NO»)
along with particles in the air can often be seen as a reddish-brown layer over many
urban areas. Nilragen oxides form when fuel is burned at high temperatures, as in a
combustion process. The primary sources of NO, are motor vehicles, electric utilities,
and other industrial, commercial, and residential sources that burn fuels.

(LI RFATRRSR T
Commential/
Aesicentiol LA s
185,

Al Oy
SaLrTes

Maolar

Vehiches
AGE,

Figure 2.3 The percentage of NOy.

MO, and the pollutants formed from NO, can be transported over long distunces,
following the pattern of prevailing winds in the most countries. This means that
problems associated with NO, are not confined to arcas where NO, are emitted.
Therefore, controlling NO, is oflen most effective if done from a regional perspective,
sather than focusing on sources in one local arca.’

14




Alsa NQO,®

+ 15 one of the main ingredients involved in the [ormation of ground-level ozone,
which can trigger serious respiratory problems.

* React to form nitrate particles, acid acrosols, as well as NOa, which also cause
respiratory problems.

+ Contribute to formation of acid rain.

« Contribute to nutrient overload that deteriorates water quality,

+ Contribule to atmospheric particles, which cause visibility impairment most
noticeable in national parks.

« React to lorm toxic chemicals.

« Contribute to global warming.

o N0

Nitrous oxide, N>0, is a colorless, almost odorless pas, that was first discovered in
1793 by the English scientist and clergyman Joseph Priestley (who was also famous
for being the first to isolate other important gases such as oxvgen, carbon monoxide,
carbon diexide. ammonia. and sulfur dioxide). Priestley made N:O by heating
ammonium nitrate in the presence of iron filings, and then passing the gas thal came

off (NO) through water to remove toxic by-products. ‘The reaction he observed was:

INO + H20 + I'e —>N20 + Fe(OH),

15




2.3.4 Volatile Organic Compounds (hydrocarbons) methane, benzene, propuns,
& chlorofluorocarbons (CFC's)

Are organic chemical compounds that have high enough vapor pressures under
normal conditions to significantly vaporize and enter the atmosphere, (The term VOC
15 also oceasionally used as an abbreviation, especially in biological contexts, for
“volatile organic carbon”".) A wide range of carbon-based molecules, such as
aldehydes. ketones, and hydrocarbons are VOC's.

Also the main source is motar vehicles (evaporation from gas tanks). industry, &
various houschold products, and according to EPA about 18 million tons released
€ach year in [.S, and Concentrations of many VOCs are consistently higher indoors
than outdoors. A study by the EPA, covering six communities in various parts of the
United States, found indoor levels up to ten times higher than those outdoors-even in
iocations with significant outdoor pollution sources, such as petrochemical plants.
These compounds caused an Eye and respiratory tract irritation, headaches, dizziness,
visual disarders, and memory impairment are among the immediate svmptoms that
some people have experienced soon after exposure to some organics, Al present, not
much is known about what health effects occur from the levels of organics usually
found in homes. Many organic compounds aré known to cause cancer in animals:

some arc suspected of causing. or are known to cause, cancer in humans.

16




1.3.5 Suspended Particulate Matter (SPM)

Mavbe the most critical of all air pollutants
-mixture of solid and liquid parlicles.
-organic and inorganic,
e.g. dust, sand, metals. wood particles. smoke. etc.
Individually, these particles and droplets are invisible to the naked eve.
Collectively, however, they can appear as clouds or a fop-like haze.
The main Sources
. Fossil-fuel combustion.
. Metals and minerals processing.

. Drust.
. Sand.
. Many others.

It acts as respiratory imritants; some is known carcinogens and il can aggravate
heart/respiratory diseases.

17




2.3.6 Toxic compounds

These chemicals are dangerous or exremely dangerous to health and life when
inhaled, swallowed or absorbed through the skin.

Trace amounts of at least 600 taxic substances (such as lead and mercury) produced
by human activities.

Mercury is an element that occurs naturally in the earth’s crust. Because this element
is toxic at very low concentralions, even slight increases in the minute concentrations
naturally present in the environment can have serious effects on humans and wildlife,
Once mercury enters the waler it cun be converted to its most toxic form, methyl
mercury, by bacteria or chemical reactions. Methyl mercury is absorbed by tiny
aquatic organisms, which are then eaten by small fish, The chemical is stored in the
fish tissue und is passed on at increasing concentrations to larger predator fish. People
and wildlife at the top of the food chain are consequently exposed to elevated amounts
of methyl mercury through the contaminated fish they consume.

sources ol mercury = bumning coal and waste (such as medical wastes).

2.3.7 Photochemicul Oxidants

Photochemical oxidants are the products of reactions between NO, and a wide variety
of volatile organic compounds (VOCs). The most well known ‘oxidants' are ozone
(03], peroxyacetyl nitrate (PAN) and hydrogen peroxide (H,0;). The main impact on
the nalural environment is mostly due to clevated ;. Excessive concentrations of
roposphere O have toxic effects on both plants and human health.

Secause sunlight has a critical role n its formation. ozone pollution is principally a
daytime problem in the summer months. The presence of hydrocarbons and nitrogen
oxide in sunlight with liltle air movement leads to the generation of ozone. These two
compounds are produced by cars, trucks, factories, and power-generating plants or

18




wherever gasoline. diesel fuel, kerosene, oil, or natural gas are combusted. These
gases combine together with sunlight, producing ozone, Urban arcas with heavy
truffic and large industrialized communities are primary areas for ozone problems,

23.8 Smog

T8 word "smog” is a compound of smoke and fog. Classic smog results from Jarge
#=mounts of coal burning in an area and is caused by a mixture of smoke and seulprure
Soxide. And it is more common in cities with sunny | drv .warm climates.

239 Acid Precipitation

Aadic pollutants can be deposited from the atmosphere to the Earth's surface in wet
58 d&ry forms. The common term o describe this process is acid deposition. The term
* precipitation is used to specifically describe wet forms of acid pollution that can
Sound in rain, slect, snow, fog, and cloud vapor. An acid can be defined as any
ace that when dissolved in water dissociales to yield corrosive hydrogen ions.
a=idity of substances dissolved in water is commonly measured in terms of pH
2 as the negative logarithm of the concentration of hydrogen ions). According

B measurement scale solutions with plls less than 7 are described as being acidic,

& oH greater than 7.0 is considered alkaline. Precipitation normally has a pH

= 3.0110 5.6 because of natural atmospheric reactions involving carbon dioxide,
=ison, distilled water, pure of any other substances, would have a pH of 7.0.

SEsation is cansidered to be acidic when 13 pH falls below 5.6 (which is 25 imes
Meidic than purc distilled water). Some sites in castern North America have

Son events with pHs as low as 2.3 or about 1000 times more acidic than
-~
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Figure 2.4: The pH scale.

Acid depaosition is not a recent phenomenon. In the 17th century, scientists noted the
ill effects that industry and acidic pollution was having on vegetation and people.
However, the term acid rain was first used two centuries later when Angus Smith
published a book called 'Acid Rain' in 1872. In the 1960s. the problems associated
with acid deposition bocame an international problem when fishermen noticed
declines in fish numbers and diversity in many lakes throughout North America and
Furope.

2.3.9.1 Acid Depasition Formation

Acid deposition can form as a result of two processes. In some cases, hydrochloric
acid can be expelled directly into the aimosphere. More commonly it is due to
secondary pollutants thar form from the oxidation of nitrogen oxides (NO,) or sulfur
dioxide (50;) gases that are relcased into the atmosphere . Reactions at the Earth's
surface or within the atmosphere can convert these pollutants into nitric acid or

sulfuric acid. The process of altering these gases into their acid counterparts can take

several days, and during this time these pollutants can be transported hundreds of
kilometers from their original source. Acid precipitation formation can also take place
at the Earth's surface when nitrogen oxides and sulfur dioxide settle on the landscape
and interact with dew or frosL




Emissions of sulfur dioxide are responsible for 60-70 % of the acid deposition that
occurs globally. More than 90 % of the sulfur in the atmosphere is of human origin.

The main saurces of sulfurinclude:

« Cpal bumning - coal typically contains 2-3 % sullur o when il is bumed sulfur
dioxide is liberated.

« The smelting of metal sulfide ores to obtain the pure metals. Metals such as zine,
nickel, and copper are all commonly obtained in this manner,

» Voleanie eruptions - allhough this is not a widespread problem, a volcanic
eruption can add a lot of sulfur to the atmosphere in a regional area,

»  Organic decay.

« Ocean spray.

After being relensed into the atmosphere, sulfur dioxide can either be deposited on the
Barth's surface in the lorm of dry deposition or it can underge the following reactions
to produce acids that are incorporated into the products of wet deposition.

S0, + H,0—> H,50, a3
2)

H 80, +%o} - H,50, (2.3)

21
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Figure 2.5: Several processes can result in the formation of acid deposition.

Some 95 % of the elevated levels of nitrogen oxides in the atmosphers are the result
of human activities. The remaining 5 % comes [rom several natural processes. The

major sources of nitrogen oxides include:

. Combustion of oil, coal, and gas.
. Bacternial action in soil.

. Forest fires.

. Volcanic action.

. Lightning,

Acids of nitrogen form as a result of the following atmospheric chemical reactions

(see Figure 2.7 above):

No%u: — NOJ, (24)
2NO, + H,0 — HNO, + HNO, (2.5)
NO, +OH — HNO, (2,6)

22




Finally, the concentrations of both nitrogen oxides and sulfur dioxides are much lower
than atmospheric carbon dioxide which is mainly responsible for making natural
raitnwater slightly acidic, However, these gases are much more soluble than carbon
dioxide and thercfore have a much greater effect on the pH of the precipitation.

2.3.9.2 Effects of Acid Deposition

Acid deposition influences the environment in several different ways. Tn aquatic
systems, acid deposition can effect these ecosystems by lowering their pH. However,
not all aquatic systems are effected equally. Streams, ponds, or lakes that exisi on
bedrock or sediments rich in calcium andfor magnesium are naturally buffered from
the effects of acid deposition. Aquatic systems on neutral or acidic bedrock are
normally very sensitive to acid deposition because they lack basic compounds that
buffer acidification. In Canada, many of the water bodies found on the granitic
Canadian Shield fall in this group. Ome of the most obvious effects of aguatic
acidification is the decline in fish numbers. Originally, it was believed that the fish
died because of the increasing acidity of the water. However. in the 1970s scientists
discovered that acidified lakes also contained high concentrations of toxic heavy
metals like mercury, aluminum, and cadmium. The source ol these heavy metals was
the soil and bedrock surrounding the water body. Normally, these chemicals are found
locked in clay particles. minerals, and rocks. However, the acidification of terrestrial
soils and bedrock can cause these metals to become soluble. Onee soluble. these toxic
metals are easily leached by infiltrating water into aguatic systems where they

accumulate 1o Loxic levels,




Figure 2.6: Lake Acidification.

In the middle latitudes, many acidified aguatic systems experience a phenomenon
known as acid shock. During the winter the acidic deposits can buildup in the
snowpack. With the arrival of spring, snowpack begins 1o melt quickly and the acids
are released over a short period of time at concentrations 5 to 10 times more acidic
than rainfall, Most adult fish can survive this shock. However. the eggs and small fry

of many spring spawning species are extremely sensitive to this acidification.

The severity of the impact of acid deposition on vepetation is greatly dependent on the
type of soil the plants grow in. Similar to surface water acidification, many soils have
2 natural buffering capacity and are able to neutralize acid inputs, In general, soils that
fave a lot of lime are better at neutralizing acids than those that are made up of
siliceous sand or weathered acidic bedrock. In less buffered soils, vegetation is
effected by acid deposition because:




% Increasing acidity results in the leaching of several important plant nutrients,
neluding caleium, potassium, and magnesium. Reductions in the availability of these
nutrients cause a decline in plant growth rates.

L The heavy metal aluminum becomes more mohbile in acidified soils.
Aluminum can damage roots and interfere with plant uptake of other nutricnts such as
magnesiom and potassium.

- Reductions in soil ptl can cause germination of seeds and the growth of young
seadlings to be inhibited.

% Many important soil organisms cannot survive is soils below a pH of abowm
6.(). The death of these organisms can inhibit decomposition and nulrient cycling,

“*  High concentrations of nitric acid can increase the availability of nitrogen and
reduce the availability of other nutrients necessary for plant growth. As a result, the
plants become over-fertilized by nitrogen (a condition known as nitrogen saturation).
o Acid precipitation can cause direct damage to the [oliage on plants especially
when the precipitation is in the form of fog or cloud water which is up to ten times
mare acidic than rainfall.

**  Dry deposition of SO, and NO, has been found to affect the ability of leaves 1o
retnin water when thoy are under water stress.

% Acidic deposition can leach nutrients from the plant tissues weakening their

Structure.

The combination of these effects can lead to plants that have reduced growth rates,
llowering ability and yields. It also makes plants more valnerable to diseases, inseets,
droughts and frosts.

The effects of acidic deposition on humans can be divided into three main categories,
Acid deposition can influence human health through the following methods:

» loxic metals, such as mercury and aluminum, can be released into the environment
through the acidification of soils. The toxic metals can then end up in the drinking
waler, crops, and fish, and are then ingested bv humans through consumption. If
ingested in great quantities, these metals can have toxic effects on human health. One
metal. aluminum, is believed to be related to the occurrence of Alzheimer's disease.
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+ Increased concentrations of sulfur dioxide and oxides of nitrogen have been
correlated to increased hospital admissions for respiratory illness.

. Research on children from communities that receive a high amount of acidic
pollution show increased frequencies of chest colds, allergics, and coughs.

Acid deposition also influences the economic livelihoods of some people. Many lakes
and streams on the castern coast of North America are so acidic that the fish decline
significantly in numbers. The reduced fish numbers then influcnce commercial
fishermen and industries that rely on sport fishing tourism. Forestry and agriculture
arc affected by the damage caused to vegetation. In some arcas of Eastern North
America and Europe, large die-backs of trees have occurred. Finally, acid deposition
effects 1 number inanimate features of human construction. Buildings and head stones
that are constructed from limestone are easily attacked by acids, as are structures that
are constructed of iron or steel. Paint on curs can react with acid deposition causing
fading. Many of the churches and cathedrals in Europe are under attack from the
effects of acidic deposition.

2.4 Effects of Air Pollution on Human Health

After the previous introduction of air pollution and air pollutants we must talk about
the effects of this on the human and on our planet . The human health ¢ffects of poor
air quality are lar reaching, bul principally alfect the body's respiratory svstem and the
cardiovascular system. [ndividual reactions to air pollutants depend on the type of
pollutant a person is exposed to, the degree of exposure, the individual's health status
and gepetics. People who exercise outdoors, for example, on hot smoggy days

merease their exposure to pollutants in the air.

The health effects caused by air poliutants may range from subtle biochemical and
shvsiological changes to difficulty breathing, wheezing, coughing and aggravation of

susting respiratory and cardiac conditions. These effects can result in increased
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medication use, increased doctor or emergency room visits, more hospital admissions

and cven premature death.

2.4.1: Human Respirutory System

The health of our lungs and entire respiratory system is affected by the guality of the
air we breathe, Tn addition to oxygen, this gir contains other substances such as
pollinants, which can be harmful. Exposure to chemicals by inhalation can negatively
affect our lungs and other organs in the body. The respiratory system is particularly
sensitive 1o air pollutants because much of it is made up of exposed
membrane. Lungs are unatomically structured o bring large quantities of air (on
average, 400 million liters in a lifefime) into intimate coniact with the blood svstem,

10 [acililate the delivery of axvgen,

Lung tissue celis can be injured directly by air pollutants such as ozone, metals and
free radicals. Ozone can damage the alveoli the individual air sacs in the lung where
oxveen and carhon dioxide are exchanged. More specifically, airway tissues which
are rich in bio-activation enzymes can transform organic pollutants into reactive
metabolites and cause secondary lung injurv. Lung tissue has an ahundant blood
supply that can carry toxic substances and their metabolites to distant organs. In
sesponse to toxic insult, Tung cells also release u variety of potent chemical medintors

= mav critically affeet the function of other organs such as those of the

eacdiovascular system. This response may also cause lung inflammation and impair

e function.




2.5 Green House Effect (Global Warming)

The greenhouse effect is a naturally occurring process thal aids in heating the Earth's
surface and atmosphere. It results from the fact that certain atmaspheric gases. such as
carbon dioxide. warer vapor, and methane, are able to change the energy halance of
the planct by absorbing long wave radiation emitied from the Earth's surface. Without
the greenhouse effect life on this planet would probably not exist as the average
temperature of the Earth would be a chilly -18° Celsius, rather than the present 15°
Celsius. See figure 2.7.
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Figure 2.7: Comparison Between the Plant Earth Venues and Mars

As energy from the sun passes through the atmosphere a number of things take place.
A portion of the energy (26 % globally) is reflected or scattered back to space by
¢louds and other atmospheric particles. About 19 % of the cnergy available is
shsorbed by clouds, gases (like ozone), and particles in the atmosphere. OF the
remaining 35 % of the solar energy passing through the Earth's atmosphere, 4 % is
reflected from the surface back to space. On average, about 51 % of the sun's
radiation reaches the surface. This energy is then used in a number of processes,
wcluding the heating of the ground surface; the melting of ice and snow and the
evaporation of water; and plant photosynthesis. !




Figure 2.8: The Percentage of all the Sunlight,

The heating of the ground by sunlight causes the Farth's surface to become a radiator
ol energy in the long wave band (sometimes called infrared radiation). ‘This emission
of energy is generally direcled o space. However, only a small portion of this ensrgy
actually makes it back to space. The majority of the outgeing infrared radiation is
absorbed by the greenhouse gases (ses Figure 2.9 below),
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Figure 2.9¢ Annual (1987) quantity of oulgeing long wave radiation absorbed in the
atmosphere,

Absorption of long wave radiation by the atmosphere causes additional heat energy to
%e added Lo the Barth's atmospheric system. The now warmer atmospheric greenhouse
zas molecules begin radiating long wave encrey in all directions. Over 90 % of this

emission of long wave energy is directed back to the Farth's surtace where it once
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again is absorhed by the surfacc. The heating of the ground by the long wave radiation
causes the ground surface 1o once again radiate, repeating the cycle described above,
again and again, until no more long wave is available for ahsorption.

The amount of heat energy added to the atmosphere by the greenhouse effect is
eontrolled by the concentration of greenhouse gases in the Earth's atmosphere. All of
the major greenhouse gases have increased in concentration since the bepinning of the
Industrial Revolution. As a resull ol these higher concentrations, scientists predict that
the greenhouse effect will be enhanced and the Earth's climate will become warmer.
Predicting the amount of warming is accomplished by computer modeling. Computer
models suggest that a doubling of the concentration of the main preenhouse gas,
carbon dioxide, may mise the average global tfemperature between 1 and 3° Celsius.
However, the numeric equations of computer models do not accuratelv simulate the
effects of @ number of possible negative feedbacks, For example. many of the modecls
cannot properly simulate the negative effects that increased cloud cover would have
on the radiation balance of & warmer Earth. Increasing the Barth's temperature would
cause the oceuns to evaporatc greater amounts of water, causing the atmosphere to
become cloudier. These extra clouds would then reflect a greater proportion of the
sun’s energy back to space reducing the amount of solar radiation absorbed by the
atmospherc and the Earth's surface. With less solar cneroy being absorbed at the
surface, the effects of an enhanced greenhouse effect may be counteracted.

A number of gases are involved in the human caused enhancement of the greenhouse
sffect (see table 2.1). These gases include :carbon diexide :methane : nitrous oxide
«chlorofluorocarbons and ozone . Of these gases | the single most important gas is
carbon dioxide which accounts for about 55% of the change in intensity of the Earth's
greenhouse effect . The contribution of the other gases are 25% for the
chlorofluorocarbong, 15% tor methane and 5% for nitrous oxide . Ozone's

contribution to the enhancement of greenhouse effect is still vet to be qualified .

Average concentration of atmospheric carbon diexide in the vear 2005 were about

380 parts per million(see figure 2.10)




Chunging Content of Carbon Dioxide in the Earth's Atmosphere
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Figure 2,10: The following graph illustrates the rise in atmospheric carbon dioxide
from 1744 w 2005.

Prior to 1700, levels of carbon dioxide were about 280 parts per million. This increase
m carbon dioxide in the atmosphere is primarily due 1o the activities of humans,
Beginning in 170{. societal changes brought about by the Indusirial Revolution
increased the amount of carbon dioxide enlering the atmaosphere. The major sources
of this gas include fossil fuel combustion for industry, transportation, space heating,
elecrricity generation and cooking; and vegetstion changes in natural prairie,
woodland, and forested ecosystems. Fmissions from fossil fuel combustion account
for about 65 % of the extra carbon dioxide now found in our aimosphers, The
remaining 35 % is derived from deforestation and the conversion of prairie,
woodland, and forested ecosystems primarly mto agricultural systems. Natural
ecosystemms can hold 20 to 100 times more carbon dioxide per unit area than
agricultural-systems. !

Arificially created chlorofluorocarbons are the strongest greenhouse gas per
molecule. However, low concentrations in the atmosphere reduce their averall
smportance in the enkancement of the greenhouse effect, Current measurements in the
atmosphere indicate that the concentration of these chemicals may soon begin
declining because of reduced emissions. Reports of the developmenl of ozone holes
over the North and South Poles and a general decline in plobal stratospheric ozone
levels over the last two decades has caused many nations to cut back on their
sroduction and use of these chemicals. In 1987, in the signing of the Montreal

3l




protocol agreement by forty-six nations cstablished an immediale tmetable for the
global reduetion of chlorofluorocarbons production and use.

Since 1750, methane concentrations in the atmosphere have increased by more than
150 %. The primary sources for the additional methane added to the atmosphere (in
order of importance) are rice cultivation, domestic grazing animals. termites, landfills,
coal mining, and oil and gas extraction. Anserobic conditions associated with rice
paddy flooding results in the formation of methane gas. However, an accurate
estimate of how much methane is being produced from rice paddies has been difficult
to obtain, More than 60 % of all rice paddies are found in India and China where
scientific dala concerning emission rates are unavailuble. Nevertheless, scientists
believe that the contribution of rice paddies is large because this form of crop
production hus more than doubled since 1950, Grazing animals release methane to the
environment as a result of herbaceous digestion, Some researchers belicve the
addition of methane from this source has more than quadrupled over the last century.
Termites also release methane through similar processes. Land-use change in the
tropics, due o deforestation, ranching, and farming, may be causing termite numbers
o expand. If this assumption is correct, the contribution from thege inseets may be
important. Methane is also released from landfills, coal mines, and gas and oil
drilling. Landfills produce methane as organic wastes decompose over time. Coal, oil,
and natural gas deposits release methane to the atmosphere when these deposits are
excavated or drilled.

The average concentration of Nitrous oxide in the atmosphere is now increasing at a
mie of 0.2 to 0.3 % per year. Sources for this increase include land-use conversion;
Sossil fuel combustion; biomass buming; and soil fertilization, Most of the nitrous
suide added to the atmosphere each vear comes from deforestation and the conversion
of forest, savanna and grassland ecosystems into agricultural fields and rangeland.
Soth of these processes reduce the amount of nitrogen stored in living vegetation and
il through the decomposition of organic matter. Nitrous oxide is also released into
B¢ atmosphere when fossil fucls and biomass are burned. However, the combined
ibution of these sources to the mcrease of this gas in the atmosphere is thought to
e munor. The usc of nitrate and ammonium fertilizers to enhance plant growth is

source of nitrous oxide. Accurate measurements of how much nitrous oxide is
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being released from fertilization have been difficult to obtain. Estimates suggest that
the contribution from this source may represent from 30% 1o 0.2 % of Nitrous oxide
added 1o the stmosphere annually. Ozone's role in the enhancement of the greenhouse
effect has been difficult o determine scientifically. Accurate measurements of past
long-term (more than 25 years in the past) levels of this gas in the atmosphere are
currently unavailable. Concentrations of ozone gas are found in two different regions
ol the Parth's atmosphere. The majority of the ozone (about 97 %) found in the
atmosphere is localized in the stratosphere at an altitude of 15 to 53 kilometers above
the Earth's surface. In recent years, the concentration of the stratospheric ozone has
been decreasing because of the buildup of chlorofluorocarbons in the atmosphere,
Since the late 1970s, scientists have discovered that total column ozone amounts over
Antarctica in the springtime have decreased by as much as 70 %. Satellite
measurements have indicated that the zone from 65 North to 65° South latitude has
had a 3 % decrease in stralospheric ozone since 1978, Ogzone is also highly
concentraled at the Earth's surface. Most of this ozone is created as an artficial by
product of photochemical Hmug.sTable 2.1: Gases involved in the Greenhouse Effect:

past and present concentration and sources.

crancentriion Conceptration | Percent Change Matural and Asthropogenic Sources

1730 2003
oo LN 280 ppm 376 ppm 4%

Forest

; it devay; fres;
vm Buning fossil fucls;

. . Deforestation; Land-use change
0.71 ppm 1.79 ppm 152 % Wetlsnds; Orpanic decay; Termites;
Natural gas & oil extraction;
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Teorocir R B30 ppt Not Applicable Refrigerators. Aerosol spray
FCa) propellants; Cleaning solvents
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In summary, the greenhouse effect causes the atmosphere to trap more heat energy at
the Tarth's surface and within the atmosphers by absorbing and re-emitting long wave
energy. Of the long wave energy emilled back to space, 90 % is intercepted and
absorbed by greenhouse gases. Without the preenhouse effect the Earth's average
global temperature would be -18% Celsius, rather than the present 159 Celsius. In the
last few centuries, the activities of humans have directly or indirectly caused the

concentration of the major greenhouse gases lo increase, Scientists predict that this

increase may enhance the greenhouse effect making the planet warmer. Some experts
estimate thal the Earth's average global temperature has alreadv increased by 0.3 to
0.6% Celsius, since the beginning of this century, because of this enhancement.
Predictions of future climates indicate that by the middle of the next centurv the
Earth's global temperature may be 1 1o 3° Celsius higher than today.’




CHAPTER THREE
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Air Pollution Control

This chapter talks about methods of air pollution conmol and how to reduce the
emission of pollutants to the air, and talks about the project components.

3.1: Introduction

Air pollution control can be generally deseribed as a “sepuration” technology, The
pollutants, whether they are gaseous, aerosol, or solid particulate, are separated from a
carrier gas, which is usually air. Separate these substances because, if don’t, these
pollutants muy adversely affect our health and that of the environment. Primary
importance is the effect of the pollutants on our respiratory system, where the impact

1% most noticeable.

Gaseous pollutants are compounds that exist as a gas at normal environmental
conditions. Usually, “normal™ is defined as ambient conditions. These gases may
have, just moments before release, been in a liquid or cven solid form. For the
purposcs of the air pollution device, however, the state they are in just prior to
entering the control device is what is most important. Acrosols are finely divided solid
or liquid particles that are typically under 0.5um diameter. They often result from the
sudden cooling (condensation) of a gaseous pollutant, through partial combustion, or
through a catalytic effect in the gas phase. In the laller condition, a pollutant in the gas
phase may combine to form an acrosol in the presence of, for example. & metal co-

pollutant. Acid aerosols such as S0y, lor example, can form in the presence of
vanadium particulate that may be evolved through the combustion of vil contlaining
vanadium compounds. Solid metals in a furmace can sublime (change phase from
solid directly to gaseous) in the heat of an incinerator, then cool sufMiciently to form a
finely divided aerasol.




3.2 The Main Processes of Removing Pollutants

There are six main processes by which a gaseous pollutant may be removed from an
air stream. Table 3.1. taken fom the EPA(Environmental Protection Agency)
handbook, lists those processes with the advantages and disadvantages of using each
onec. The table may be used as a guide to determine which process may provide the
best means of cleaning the air stream. Separation processes are used as a means of air
pollution control for both particulate matter and gas. These processes essentially
remave the pollutant from the carrier gas resulling in a cleaned gas stream. If the
pollutant content ol the cleaned stream meets the cffluent emission standards, the
¢leaned stream can be discharged 1o the atmosphere. Absorption and adsorption are
both diffusion separation processes that can be used to collect hazardous air
pollutants. Tn the case of absorption. the pollutant is transferred to the solvent which
then may need further treatment, Recovery of the solvent might be undertaken by
distillation or by stripping the absorbed material from the Solvent. The problem of
reating the waste material in the stream separated from the solvent remains. I the
pollutant material has a value, adsorption may provide the means for the material to
be more readily recovered. In the case of particulate matter, wet serubbing collects the
particles primarily through the mechanism of inertial impaction. Gascous
contaminants such as sulfur oxide, nitrogen oxide, or hydrochloric scid, if present
along with the particulates. may be collected simullaneously by absorption. Many
organic materials may be removed by condensation, which is essentially a diffusion
operation. If a suitable coolant is available and the pollutant concentration is high
enough, condensation can he very effective in recovering material that mav be used
again. For organic pollutants when the concentration i3 low ar recovering the material
5 not desired, incineration can be used to convert the pallutant to carbon dioxide and

water. For large emissions such as would be found in petroleum refineries the

pollutant may be flared.




Table 3.1: Air Pollution Control Technologies.

Device Inlet Cone.  Efficiency Advantages
PPMY
Iption 250 0% Especially good for
1000 95% Inorganic acid gasses
3000 8%
200 50% Low capital investment
1000 90-95%, Goad for solveat recovery
5000 8%
ad 500 5084 Good for prodict or
10000 95% Solvent recovery
- 20 95% High destruction
== Efficiency
= 104 99% Wide applicability
Can recover heat enerpy
50 90% High destruction
Efficiency
100 >05% Can be less expensive
Than natural incineration
>98% High destruction
Elficiency

% Mechanisms of Cullection pollutants particles

g=riicle touches the target, it likely will stick to

= are shown as diverging as they approach the target,

£t

then moving around

Disadvantages
Limited applicability
Sclective applicability

Moisture and temperature
constraints

Limited applicability
No organic can be recovered
Capital intengive

No organic can be recovered

lechnical limitations that
can poison

No organic can be recovered
Large emission only

= 2 particle in a gas stream moving toward or being carried toward a target.
the target due to inter surface
The target may be o liquid droplet, as in the case of wet serubbers, or a fiber,
Shric filter bag house, Three mechanisms by which the particle touches the
Hlustrated in Figures (3.1-3.3). Small, medium, and large size particles are
& being carricd by the gas stream toward round targets. The

gas flow




In each of these mechunisms, a large number of targets will increase the probability
that a particle will touch a targel. Therefore, having abundant targets enhances
collection efficiency.

3.3.1 Basic Mechanism (Impaction, Interception and Diffusion)

The figure below shows the three mechanisms which are used for cleaning processes.
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Figure 3.3: Diffusion process.
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3.3.1.1 Impaetion

In the mechanism called impaction, large particles moving toward the target have
mass, and therefore momentum, which causes each particle to travel in a straight Jine
loward the target. The particle leaves the streamline as the streamline bends to move
around (he target. The greater the mass of the particle, the more likely that il will
travel in a straight line. Also, as the velocity difference between the particle and the
target increases, the particle will have increased momentum and will be more likely to
be carried into the target. The radius of curvalure of the bend in the streamline has a
very important effect on the probability that a particle will be carried into the target.
The smaller the radius of curvature, the less likely that a particle will follow the
streamline. Therefore. small targets are more likely to be impacted than large targets.

3312 Interception

Interception is the mechanism by which particles of roughly 0.1 to 1 micron diameter
are carried by the gas streamline sufficiently close to the surface of the target that the
particle touches the target. These particles have insufficient inertia fo leave the gas
streamline and are carried with the streamline. Some gas will Jow very close o the
particle. Interception is a relatively weak mechaniem for particle collection compared
% impaction and, as discussed in the next section, diffusion. [t is coincidental that the

Path of the streamline and the particle happens 1o be close to the targel. It is for this
feason that particles in this size range are difficult to collect compared to larger and
smaller particles. For the same reason. particles in this size range are not collectad by
satural cleaning mechanisms in nasal and trachea bronchial passages, and cnter the
lungs where they can lodge in the alveoli.




3.3.1.3 Diffusion

Diffusion of extremely small, submicron particles is a result of Brownian motion.
These particles are so small that the mass of the particles is very small and the number
of collisions with air molecules is low. Therefors, random collisions with air
molecules causc the particle to bounce around. They wre moved from one gas
streamling lo the next by random motion. If sufficient time is allowed, and if the
distance to the target is small, then diffusion can be an effective collection
mechanism. This is why fabric filter bag houses can be effective for collecting
submicron particles, and why it is difficult for wet venture scrubbers to collect these

particles.

In our project the impaction mechanism will be used for the separation process to get
rid of the pollutants.

3.4: Collection Mechanisms and Particle Size

When a gas stream conlaining particulates (Tows around a small object such as a water
droplet or a sheet of water, the inertia of the particles causes them to move toward the
object where some of them will be collected. This phenomenon is known as inertial
impaction, which customarily describes the effects of small-scale changes in flow
direction. Because inertial impaction is effective on particles as small as a few tenths
of a micrometer in diameter, it is the most important collection mechanism for wet
scrubbers. Since this mechanism depends upon the inertia of the particles, bath their
size and density are important in determining the cfficiency with which they will be
collected. All important particle properties may be lumped into one parameter. the
=rodynamic impaction diameter which can be calculaled from the actual particle
diameter by the following relationship:'

g Pt £
d, = d,(p,C") (3.1)
Where:
& acrodynamic impaction diameter in wm.gms/cm’.

%, ° physical diameter in ym.




Pp: density of particle in gms/cm.

C': Curmingham’s correction factor.

By o fortunate circumstance, most methods for measuring particle size determine the
acrodynamic impaction diameter. The Cunningham correction faclor is given by the
following formulas:’

; 3l 0.55d ,
¢ =1+ d_ 1.257 + 0.400 exp— [TJ (3.2)

P

H

A=—t—
0.499p,

JBRT[nMW a%

Where:

L :mean free path of the gas in m.

dy : diameter of particle in m.

u  :gas viscosity in N-s/m’or kg/m-s.

MW : mean molecular weight of the gas,

0, : gas density in kg/m”.

R :universal gas constant (8.3144 J/kg-mol-K).
T :gas lemperature in K,

For air at room temperature and pressure, Equation (3.4) is a good spproximation
of C'!

lC"=l.[}+-—ﬂ‘16
d

(3.4)
P

Knowing the value of the mean free path of molecules &t a given temperature and

pressure, the mean free path al other conditions can be calculated from Equation
(3.5%'
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(3.3

=0.0653 um for airat 23¢° and 1.0 atm.

Tu s = viscosity, temperature, and pressure, respectively at the same conditions
which lgis known.

® devices for wet scrubbing,

e Sllowing figure shows different types of wet scrubbers which uses the principle
tal impaction.

Spray Tower:

= this mechanisin there are two currents the first is the dinty gas and the
second is the draplets of water and they are oppose each other . and as the gas
Sows up it will contact with water droplets which is sufficiently large to make
e separation process,

Zas ouilot

T

- — L5 LT T TN TN

Gproy wator

A A M

L e N !

-"H— s prvigel pravchoad |
1
-

l Lirimn

Figure 3.4: Spray Tower,
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- Countercurrent vertical tower.

. Droplets sufficiently large so that the settling velocity is greater than the
upward gas velocity

. Draplet size controlled to optimize particle contact and to provide easy droplet
Separation.

% Cyclonic Spruy Tower:

Here another type of wet scrubber | in this mechanism the forces of
collision is increased because the gas enters the tower in eyelic way which
is very effective in collection of particles less than 10 um .

Clean gas oul

_ Cote bustor disk

Ga ; i

Figure 3.5: Cyclonic Spray Tower.
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* Gas is introduced tangentially which increases the forces of collision and relative
velocity of the droplets and gas stream

* Well designed cyclonic spray towers greatly increase the collection of particles

smaller than 10 pm when compared to simple countercurrent spray towers ,

* Droplets produced by spray nozzles

* Droplets collected by centrifugal foree
Twao types: (1) spinning motion imparted by tangential eniry, (2) spinning motion
produced by fixed vanes.

tn order to capture fine particles, greater energy must be cxpended on the gas. There
are wo ways to do this:

| Increase the gas pressure

2. Atomize large quantities of water

Efficiency of collection may be unexpectedly enhanced in a wet scrubber through
methods that will cause particle size growth. Particle growth can be brought about by:

= Lower temperatures that cause vapor condensation.

* Increased flow rates that increase turbulence.

* Thermal gradients in the narrow passages of the scrubber which increases diffusion
of particles into the liquid Condensation is the most commen growth mechanism. The
S0t passes are cooled by the lower temperatures resulting from contact with the
scrubbing liquid. The gasses may also be compressed in the narrow passages of the
scrubber, which would tend to enhance condensation. The condensation eccurs on the
susting particles rather than the new nuclei. Thus the dust particles will grow larger
=< will be mare easily colleeted. In general the efficiency of a wet scruhber is
Srectly related to the encryy expended to produce (he gas-liquid contact. The more
=ergy cxpended, the greater the urbulence in the contacting process and the higher
e efficiency of collection. Semrau defined the confacting power as the energy
Sssipaled per unit volume of gas treated. Contacting power should be determined
Som the friction loss across the wetted portion of the scrubber, Pressure losses dus to
8= gas stream kinetic energy should not be included. However, energy provided by
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the mechanical devices along with the cnergy provided by the gas and liquid are part
of the contacting power, Semrau (reated scrubber efficiency by relating
the number of transfer units to the contacting power as follows:'

N, =ap, (3.6)

where:

Ny number of trans fer units, dimensionless

Py: contaeting power, hp/1000 efm or KWh/1000 m’.
A: coefficient to muke N, dimensionless.

p : dimensionless exponent.

The overall cfficiency (., of the scrubber can be calculated from the following
equation:’

&y =1-exp(-N,) (3.7)

% Sell-induced Spray Tower:
The particles are collected here in a pool of water by impinges air on a liquid
surface and then a series of' baffles to change the direction of the gasand then
to the outlet some water droplets are carried with the stream but retum back
by gravity,

e fli

Figure 3.6: Scli-induced Spray Tower.,
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* Air impinges on a liquid surface then on a series of baffles,

Particies are initially captured in pool of waler by direct interception or inertial

Impingement.

Some waler is atomized into spray droplets which aids collection,
A final change in gas direction, or by baffles, serves as an entrainment separator,
The water circulation rate is low, and water is primarily required to replace

svaporation losses.

L

Droplets are formed by breaking through a sheet of liguid or by impinging on a

pool of warer,

Drroplets collected by gravity attraction.,

< Impingement Plate Scrubber:
Also in this mechanism or scrubber the gas are impinges with plates that water
are flows over in il then reach to the entrainment separator then to the outer

{3 ouit
L]

Erirarmment
separator

Liguin

Plata~

Plate calurmn

Liguia
D Tl A U

:.'-—- Gas n

r
Liguid oul

Figure 3.7: Impingement Plate Scrubber.
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< Venture Scrubber:
The gas here enters a throat then its veloeity will increase and the pressure
will decrease and water sprayed in this throat causing the scrubbing process

L. PRATICL E% TRAPFED N WD

i
[T AR =0
" WATER

- ¥
L
- L]
-
L]
uy
-

Figure 3.8: Venture Scrubhber.

* (5as accelerated at throat,
* Atomized water droplets added at throat as a spray or jet, collect particles,

* Can be combined with a cyclonic collector to disengage water droplets from air
Stream,

* Has a large pressure drop,
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Figure 3.9: Venture Jet Scrubber.

Ssertial impaction is depicled in figure 3.9, primary capture mechanism. In this case of
wertizl impaction, a particle is carried along by the gas stream. Approaching the
=silecting body which is a water droplet in the casc of a spray scrubber, the particles

particle separaling from the gas stream and striking the water droplet, The result is
the water droplet to collect the particle. The separation number in figure 3.9, Ng; ,

By pladd LSTIM Rasiz
35 %, palastine Palytechnle University
g?‘ (PPU}
£ The Library ! —
el ity o (PR ORI o1 |
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e T

15 the same us the inertjal Impaction parameter, Kp . defined by the following

equation:’
Cpdv, 4°=2
N o Ep;_ppdﬁp_upp;i
RS h T a6
. 2 - gl |
b2 : Cunningham corvection factor
£ : particle density, gm/cm’
de : physical particle diameter, cm
Vr : particle velocity, cm/s.
HE : gas viscosity. poise,
U e, Rl ’:Ir-l-.;dﬂ.:r_:.-'u
& : S =14
i S s i S .ol
" : 1 o : i

Figure 3.10: Primary capture mechanism.

5.

|k

Target efficiency, i
:

Wiaicepts:
0.2 Ribaon oresmcer 148
d Spferer 1554

L0 01 9 o 100

Separation Mumber, upv,ig Dy,

Figure 3.11; Single-droplet target efficiency for ribhons, spheres, and cylinders.
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CHAPTER FOUR

MATHEMATICAL MODELING




Mathematical Modeling
4.1 Centrifugal fan

A fan crates air flow by converting mechanical work into air kinetic energy. Two
hasic types of tan are centrifugal and axial. in this project we use the centrifugal type
because of its characteristics. Air enters a centrifugal fan axially and exit radially.
Air enters am axial fan axially and exit axially .

Centrilugal fan blades can be :
Forward, radial or backward as in the figure below :

Farwaré Curved Badnl Backward Cumved,
Figure :4.1Centrifugal fan blades.
Velocity vectors (¥, V, V., V,)

Where :

i :blade tip velocity
¥, Muid veloeity relative 1o the blade.

Vo iV 4V, 2 actual uid velocity .

¥\ .tangential velocity component of the fluid velacity .
B *blade angle .
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e

The sclection of the fan in this project (which used to force the smoke to flow through

the tank ) was on the basis of the fan pressure greater than the pressure of the waler
found in the reservair.

The pressure force inside the tunk on the maximum level of the water -

In the experiment the maximum level of the water will be 40 cm .
The figure below shows the dimensions of the water tank _

Figure 4.2:dimension of water tank.

i FL (4.1)
R
Fo=mg o m=p,,, V¥, (42)
n
Where -

P: static pressure.
Fstatic force,
Vivolume of water.
* 1 density of water.

m:; mass of waler,

m, =(2)+(1)-(0.4)-(1000) =800 iz

F. = (B00)(9.81) = 7848 N




as mentioned above the fan required can be sclected so as its pressure is greater than
the waler pressure :
Table 4.1: characleristics of centrifugal fan,
T Type working point (a) volumetric flow (m”/h).
Centrifugal (backward) 4200 2000

4.2 Combustion process calculations

The combustion process produces a mixture of different pascs and harmful
environmental pollutant like :

¢ Nitrogen oxides (NO,) =2 (NONOs....)

¢ Carbon oxides (CO,) = (C0O,C0O;,...)

 Sulfuroxides (SO,) & (SO.80.....)

 VOCS

e H:O

¢  HAP(Air Toxics)
This mixture is forced to enter the waler tank by fan, the measurement process begins
after few minutes o make sure that we have steady flow for the gas, then we can
measure the percentage of these gases before entering the tank, afier entering the tank
the mixture hils the surface of the water and flow through it This is causing an
interaction between mixture and water 50 a new mixture is resulted with a new
properties with acceptable percentage because some of these gases reuct with water

and melts in it as:
CO,+H,0=H.,C0, {4.2)
SO, +H,0 — 11,50,

(4.3)
In addition of solid particles which transferred and suspended with water droplets.
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4.2.1Concentration of particles in the gas

The following example shows how to caleulate the concentration of particles in the
gas and efficiency of scrubbing theoretically.

Suppose that space has the following dimensions: (Ax,Ay,A2)

Figure 4.3: the supposed space

The concentration of the particles in the gas in this space is :

C [ kg/ m’].
e Then select a water droplet its diameter is Dy , Then to calculate how many
purlicles are suspended to this water droplet we must use the equations below :

. 4.4
F’.m'eprbyumrdmp=%ﬂ‘uﬁf 44

e Mass of particles transferred from the gas to the droplet is :
F.-" *{' L T
M trans. one droplet = = :

=%m¢z.¢-.r‘ (4.5)

e To calculate the particles concentration when it passes the selected space
(Ax,Ay,Az),

ND =»drops / lime , equal equation no.2 with the rate of change in concentration

1 I
- (Phazlr)

2 AxAy Az
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T .3
, — i
‘;_':=—£D=n.{; £y 6
1 Ax Ay E_D;;,
il
vdﬂ C T i?_l){%}[ﬂju'l
S LD
dt D, { Ax Ay )
Then :

O 1 total liquid volumeiric Tow [m™/s].
A : horizrontal area of the selected space.

1.9
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nz Ryt o . 1178
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Target afficiency.n,
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(4.6)

[
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W

Separation Number, uy./g Dy

100

Sigure 1.1 1; Single-droplet warget efficiency for nibbons, spheres, and cylinders




4.3Gas flow calculations

The ideal gas law is one of the fundamental principles used in calculations involving
gas flow in air pollution-related work. This law is used to calculate actual gas flow
rales based on the qumﬁtynf-gasmammndmdpmﬁmmﬁmmpams.ltis

ﬂﬁ?ﬂfﬁﬁﬂm}?ﬂﬁfﬁﬁf’w&ﬁ’df& contaminant in g g2 that can pasticpate
in a chemical reaction.
The ideal gas law summarizes many of the concepls. It states that the volume
occupied by a gas is a function of these three parameters:
* Number ol moles of pas
*  Absolute temperature
¢ Absolute pressure
The ideal gas law is expressed using this standard equation:

@.7)

V. Volume

n : Number of moles

R : Universal gas constant

T : Absolute temperature

I' : Absolute pressure

Moles is a mensure of the number of molecules present.

The value of "R" depends on the units used for the other parameters. A number of
equivalent forms of the universal gas constant are provided below.

N-m (4.8)

R = 8.31432 x 10¢
8.31432 x ”kmnl-}{

The ideal gas law is accurate as long as the pressures are relatively similar to normal
ambient atmospheric pressures. This is almost always the case in air pollution-related
wark since the pressures usually range from -100 in. W.C, {absolute pressure of 307
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. W.C. at standard conditions) to approximately 50 in. W.C. (absolute pressure of
437 in. W.C. at standard conditions). This range of pressures is relatively small and
does not extend to the pressures at which gases become compressible and the ideal
gas no longer applies. The ideal gas law applies to mixtures of gases as well as o pure

gases. Accordingly, it is very useful for evaluating gas stream properties. ")

4.4 Caleulation of Reynuolds Number

Determine if the gas stream is laminar. transitional, or turbulent by calculating the
Reynolds number for the gas stream: Laminar and Turbulent Flow When fluids such
as gases are moving slowly, the bulk material moves as distinet layers in parallel
paths as illustrated in Figure 4.4 (Laminar Flow). The only movement across these

layers is the maleculur motion, which creates viscosity, This is termed

—— e

'———h-’

duct ar plpe
figure 4.4:Laminar flow

As lhe velocity of the pas stream increases, the bulk movement of the gas changes.
Cddy currents develop which cause mixing across the flow stream. This is called
turbulent flow, and it is essentially the only flow characteristic that oceurs in air

pollution control equipment and ¢mission testing-related situations,

=  Turbulent flow is illustrated.

duﬂ or pipe

Figure 4.5:Turbulent flow,
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A dimensionless parameter called the Revnolds number is used 1o characterize fluid
flow. It is the ratio of the inertial force which is causing gas mavement to the viscous
torce which is restrieting movement. The Reynolds number is calculated using
Equation (4.9). Consistent units must be used to ensure that the Reynolds number is

dimensionless.

Lyp (4.9)

Rapr) -

N

L:Limear dimension (usually duct or pipe )
v :Fluid velocity
g ‘Fluid densily

4 :Fluid viscosity

Table 4.2: Classification of Gas flow l:.f;:esl 0]

Classification of Gas flow vpes

Type gas flow Laminar Transitional Turbulent
If Reynolds numhber <2000 Between 2000 and >4000
is 4000

Reynolds numbers less than 2,000 are associated with laminar flow conditions, Due 1o
the relatively low velocities associated with this type of flow, they are rarely

encountered in air pollution field situations.

Reynolds numbers above 4000 are associated with wrbulent flow, In many ficld
situations, the Reynolds numbers excesd 100,000,

Between Reynolds numbers of 2,000 and 4.000 turbulent flow conditions have not
fully developed. This is called the transitional flow range. Flow in this transitional

range has characteristics of both laminar and urbulent flow,
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¢ Caleulation Reynolds number for the project

Assumption: we assume that all the gas entering the water tark is C O and this

because we did not know the formula of the rubber piece and the percentage of each

ils,
Lvp
I-ﬂh':rF.l.'-:i. S —

L u

v = 8mis ; the velocity is measured by using special instrument called (pocket weather

tracker).

L=10¢m

p =1.58842 kg/m”

(=17.025%10%

Then by substituting in equation (4.9) Revnolds number is ;

N n; = 74639.4

So according to Table (4.1) the flow is turbulent.
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4.5 Henry's Law

Henry's law is a function of the type. temperature. and constituents of a liquid.
Therefore, Henry's law can be used to determine the condition and tvpe of liquid that

will maximize the removal elficiency of pollutants.

Henry's law basically states that the amount (i.e. mole fraction) of a shightly soluble
@uss dissolved in a liquid is proportional to the partial pressure of the gas. I'he units for
Henry's law constant are expressed in several [orms using slightly different formulas,
The idea and usefulness of Henry's law is the same. The mest common lorm of the

equation for Henry's law in the air pollution control field is given below.

For dilute solutions, the mass transfer equilibrium level for absorption is defined by

Henry's law, which is shown in equation 1.

¥ = Fx (4.10)

Where :

¥ : Mole fraction of pollutant i gas phase in equilibrium with liguid
H : Henry's law constant.

% : Mole fraction of pollutant i hiquid phase .

Note: Using Equation (4.10) , the units {for H are (mole fraction in gas/mole fraction
in liquid). Sometimes Henry's law constant s also expressed in units of atm/mole

fraction, 1/mole fraction. or m* alm/gm mole.

Equation (4,10) is the equation of a straight line that starts at the origin and has
slope of H. [lenry's law can be used to predict solubility only when the equilibrium
line is straight, which is the case when solute concentrations are very dilute. Most air
pollution applications have relatively low pollutant (solute) concentrations; therefore.
Henry's law is often applicable. If more than one gus is reacting with a liquid, Henry's

law is applied to cach gas individually,

Using the cise of the pollutant. 804, being absorbed into water., Figure (4.4) illustrates

the following points:




1. Henry's law applies at these concentrations of SO in water (i.e. both lines are
straight),

2. The Henry's law constants (H; and H,) equal the values for the slapes of the
two respective lines.

3. Liquid temperature affects the solubility of gases in liquids and therefore
affects the valuc of Heary's law constant.

Male fraction 30, in air

0002 0006 000 004
Maie Fration S0; in water

H; and Mz are Henry's law constants, which
equal the slopas of the two respedtive lines.

Figure 4.6: Henry's law solubility curve for SOh- 1150,

Henry's law constant provides a general indication of the differences in the solubility's
of gases. The Henry's law constants for a variety of common gaseous compounds are
provided in Table 4.2,
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Table 4.3: Henry's law concentration for common pases in water.

Henry's law concentration for common gases in water

Gas Henry's law constant , H x 10° arm/ mofe fraction
(20:C) (30=C)

N: 80.4 92.4

co 536 62.0

0 40.1 47.5

NO 26.4 31.0

CO, 142 1.86

HaS 0.483 0.609

S0; 0.014 0016

The data provided in Table (4.2) gives a general indication of the differences in the
solubility of common gases. Sulfur dioxide, hydrogen sulfide. and carbon dioxide are
moderately soluble in water. The other compounds have very high Henry's law
constants, which indicale that they would not be substantially absorbed into water.

Henry's law does not apply at high concentrations of most goses and at low-to-
moderate concentrations of wases thal react or dissociate upon entering the hguid

phase.

The solubility of a pollutant in a particular liquid at a given temperature limils the
quantity of that pollutant that can be absorbed in a given amount of the liquid. once
the pollutant compound has reached its solubility limit, mass transfer backward from
the liquid phase to the gas phase matches the rate of mass transfer from the gas phase
to the liquid phase. However, this equilibrium limit can be removed by reacting the
dissolved gas compound into a chemical form that cannot diffuse out of the liquid,




4.6 Gas Velocity:

(Gas veloceily is one of the fundamental design variables for ventilation systems and air
pollution control ecquipment. Gas sircams confaining particulate are usually
maintained al velocities of 3.000 to 4.500 {/min in ductwork leading to particulate
collectors 10 minimize particle deposition. The welocity of gas streams without
particulate matter 15 often in the range of 1.500 to 3,000 fi/min. The gas velocities in
air pollution control equipment are usually low to allow for sufficient time to remove
the conlaminants. For example, gas velocities through electrostatic precipitators are
usually in the range of 2.5 10 6 fifsec. The filtration velocities through pulse jel fabric
fillers are usually in the range of 2 10 10 ft'min. Variations in the gas velocity can
have a direct impact on the contaminant removal efficiency.!'

The average velocity of a gas stream in an emission testing probe, an industrial duct,
or an air pollution control device is a function of the actual gas flow rate and the
cross-sectional flow arca.

Gas flowrate, actual (4.11)

V' =Gasvelocity = :
Area

This is illustrated in Figure (4.5).

Flow Area
=HXW

Figure 4.7: Gas velocity calculalion based on the flow area and flow 1ate .




Units of Measure

The units of measure for velocity are provided below. These velocily unils of measure
are not corrected to standard oxygen or moisture levels because velocity is ealculated
based on actual conditions.

Table 4.4: Tnits of measure for velocity

Lnits of measure for velacity

Lnits for Ametican Cys system units
Fngineermg system
Actual velocity fiimin _ft/sec m/min .misec

In our project a measurement device has been used see figure 4.6 below !

Figure 4 .8:Pocket weather tracker

Table 4.5: The velocity of the gas stream of the project

The velocity of the gax stream

Imlet (mis) Outler (mis)
8 23
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Results and Conclusion

After the prototype have heen designed we did a lot of experiments on it. by using
VRAE instruments, gas analyzer and pocket weather tracker. The data which we
collect will be shown as graphs to cxplain the reduction of percentage of each pases
measured before and afler the treatment process.

5.1: Measuring of NOy 8O, NHy.HCN

These gases are measured by Multi Gas Monitor PGM 7600 see figure (5.1):

Figure 5.1: Multi Gas Monitor PGM 3000.

This instrument must be calibrated before each use and the calibration must be ar
fresh air, table(5.1) below shows the values which the instrument is calibrated on;
while measurement process the device gives alarm to (ell us that the percentage is
higher than the rated value but we must continue measuring according Lo data sheet.
This device contains number of sensors for each gas and also a pump which takes a
sample of the combustion gas and analyses it then display the percentage of the each

gase on the screen.




Table 5.1: high & low level of alarm of VRAE instrument (MGM).

Gas type NO, 80; NH; HCN None
High alarm level 10 ] 50 50
Low alarm level i 2 35 4.7

Several experiments had been done and the following graph shows Lhe percentage of

gases before and afier treatment :
k|| N—
50 B P e, -
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figure 5.2: Measurement before treatmeni process.
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Figure 5.3:Measurements after treatment process.
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In figure (4.2 & 4.3) we see the reduction of the gases from higher percentage to
lower percentage except (HUN)remaing almost constant and the reason ol that is no
spare filter with the instrument to and after many reading had done the filter became
full of small picces results from the combustion process,
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5.1.1: The percentage of reduction of sulfar dioxide

Table (5.2) below shows the perventage of reduction of sulfur dioxide. the data are
taken from figure (5.2-5.3), Also for the rest of the gases.

Table 5.2 : % of reduction of S0,

% of reduction of S()

Max reading hefore 152ppm
Max reading afler 62ppm
% of reduction 60%

The reason of the reduction of the previous gas (80:) is due to its solubility in the
water since Selubility is a physical property referring to the ability for a given
substance, to dissolve in a solvent. It is measured in terms of the maximum amount of
solute dissolved in a solvent at equilibrium. The resulting solution is called a saturated
solution.

< Factors Affecting Solubility of any pas

o Solue-Solvent Interactions.
o Pressure FEffects.
o Temperature Effects .

= Effects of Pressure on Solubility:

The solubility of a gas in any solvent is increased as the pressure of the gas over
the solvent increases.

§ - A
e -

2 _t."*;;

LY

¢ Ei J
(o)
Figure 5.4: Pressure of the gases over the solvent .
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Henry’s law states that the solubility of a gas in a liquid is directly proportional to the

partial pressure of that gas above the liquid. which may be written as:

p= ke (3.1

where k 5 a lemperature-dependent constant.

> Effect of temperature on Solubility:

The temperature is one of the factors that affecting Solubility; the figure below shows

tht as the temperature increases the solubility decrease.

a
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=
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#
| l‘.'-l'l-:."ll'_".'rlll-=|.._-|__'_|l.{:.__|.|
aes - =
A 10 70 = o4

Water Tom parature (Gag C]

Figure 3.5: Solubility of 80; in water,

Sulfur dioxide is highly soluble in water. At room lemperature, the dissolving process

15 exothermic:
5Oa(g) > 8Os(aq) DHo=-95.6 kJ (3.2)

At room lemperature. the solubility of S0 is approximately 200 g SO-/L. Thus, |
mil. of water could dissolve 76 mL SO;! The solubility of S0: in water is highly
temperature dependent and is about 400 times more soluble at 0 °C (228 g/L) than it is
at 90 °C (5.8 g/1). /™
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5.1.2: The percentage of reduction of Ammonia

Table (5.3) below shows the percentage of reduction or NHj. the data are taken also
before and aller the treatment process.

Table 5.3 : % of reduction of NH;

% of reduction of NIT;

Max reading before 145ppm
Max reading after Lppm
"/a of reduetion B5%

Here we see that the percentage of reduction is very high since Ammonia is extremely
soluble in water. As much as 89.9 g dissolve per L at 0 °C, This means that 1 m of
water will dissolve 1183 m; ammonia! At 100 °C. the solubility drops © 74 g
ammonia /100 my, H2O (113 volumes NI13 per 1 volume water), "
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Figure 5.6:Solubility of NH: in water




5.1.3: The percentage of reduction of HCN

Table (5.4) below shows the percentage of reduction of hydrogen cyanide in ppm. 1

Table 5.4:% of reduction of HCN

Y of reduction of HCN
Max rending before 200ppm
Max reading after 198ppm
Y of reduction %

A solution of hydrogen cyanide in water is called hydrocyanic acid, and it is
completely miscible, bul as we said before there was an error occurred in the
instrument that make the reading very small, sinee the instrument needs Lo « special
calibrarion,

=»Note that the instrument didn't’ gave any reading for the percent of NO.,




5.2: Measuring of CO H;5,0,,VOC and LEL

These gases are measured by EntryRAE PGM 3000see figure (5.4):

Figure 5.7:EntryRAE PGM 3000,

This instrument also must be calibrated before each use and the calibration must be
at fresh air, the information below shows the values which the instrument is calibrated
on; while measurement process the device gives alarm to tell us that the percentage is
higher than the rated value but we must continue measuring according to daia sheet.
This device contains number of sensors for each gas and also a pump which mkes a
sample of the combustion gas and analyses it then display the percentage of the each
gas on the screen.

This devicc is calibrated on the following values -

o Sensor Span Value:

CO(ppm) =50
H;S8(ppm) =10
OXY(%) =209
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LEL(®%) =50
VOC(ppm) =100

o  Nensor Low Alarm [imits:

CO(ppm) =35
HaS(ppm) =10
OXY{(%) =195
LEL(%) =10
VOC(ppm) =50

= Sensor High Alarm Limits:

CO(ppm) =200
H2S8(ppm) =20
OXY(%) =133
LEL(%) =20
VOC(ppm) = 100
Sensor STEL Alarm Limits:
CO(ppm) =100
H-S8(ppm) =13
YOC(ppm) =25
»  Sensor TWA Alarm Limits:
CO(ppm) =33
HaS(ppm) =10
YOC(ppm) =10
¢ Sensor (ver Range Limit:
CO{ppm) = 1000
HaS(ppm) =250
OXY(%) =30
LEL(%%) =100

VOC({ppm) = 1000
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5.2.1: The percentage of reduction of carben monoxide

Table (5.5) below shows the percentage of reduction of carbon monoxide in ppm.

Table 5.5: % of reduction of CD

Yo of reduction rar"(n

Max reading hefore 1 83ppm
Max reading alter Ilppm
%o of reduction 62%

We see here also that the percentage of reduction is high since Carbon monoxide
solubility is cqual to 0.0026 g/100 ml at (20 °C).alsa!™

Solubility in water at:

TRl R 3.54 ml/100 ml
A i S 2.14 mi/ 100 ml
o JPE et i 133 mifto0 s
0,05
0,045
"E 0.04 \ co —
2 o035 ! . -
E
8 0034 —
s N
‘E 0,025
£ . \
£ ooz — \
* oot3 | ;
enginsaringlosltoi i \
0.01 + ! -

o 20 40 B0 &1
Water Temperature (deg ©)

Figure 5.10: Selubility of CO,




3.2.2: The percentage of reduction of hydrogen sulfide

Table 5.6: % of reduction of H.S

v of reduction of HsS

Max reading before Spoim
Max r'-,-:n.ling_{ after Lppm
% of reduction 10008,

The table above shows that the percentage of reduction of hydrogen sulfide is 1004
and that because Hydrogen sulfide dissolves in water (o make a solution that is
weakly acidic. At 0 oC 437 mL H.S(g) will dissolve in 100 ml. H:0. producing a
solution that is about (.2 M. However, the solution process 15 fairly slow, The figure

below represents the percentage of reduction as the temperature ingrense ™!

7 ) .l
g \\ f T —2E

Balublley (g gas e Wy valer)
=
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[t} 1@ 20 30 A Ed 1]
Water Temperature {deyg ©)

figure 5.11: Solubility of Ha$ in water.




5.2.3: The percentage of reduction of volatile organic compounds
Iable (5.7) shows the percentage of reduction of VOC in ppm.

Table 3.7: % of reduction of VOO
%o of reduction of VOU

Mux reading before S0ppm
Max reading after 24ppm
Yu of reduction AL

Also volatile organic compounds are compounds that have a high vapor pressure and
low water solubility

5.2.4: The percentage of reduction of Lower Explosive Limit

Table §.8: % of reduction of T.EL
% of reduction of LEL
Max reading before L
Max reading after o
Y of reduction 100%;

These gases are known as Lower Explosive Limit (LEL) also here the percent of
reduction is 100%.

5.2.5: The percentage of 0: before and after the treatment process

Table 5.9 ; % of 0,
“ of O,
Max reading before 1525, —
Max reading after 20.9%

The percentage M%ismﬁe&aﬁn&eﬂﬁwma that means pood reaction
MWEEDU;{MI'IED
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5.3 Measuring of (CO1)

This gus was measured by using ultra 4/5 gas analyzer see figure 5.6:

Figure 5.12: Ultra 4/5 gas analyzer
Table 5.10 below shows the percentage of reduction of carbon dioxide

Table 5.10: % of reduction of CO;
%o of reduction of CO-

Max readine hefore {0,500 B
Max reading afrer 0.60%
Yo of reduction 3%

After the measuring process we get these results ,when dissolved in water, CO, forms
weak bonds with the water molecules. The lower the temperature, the stronger the

honds, the greater the amount of COs that can be dissolved.

Sobuld iy | g par by weanrg
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oW e

)
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figure 5.13; Solubility of €O in water.




5.4 Water test
Alter the reduction of the percentage of gases the pH percentage

of the water had
change so we expect that the waler be more acidic. So

the test of water has heen done

alsa before and afier the experiments by using the photometer sec figure (3.7):

=3 bl TRAT
?ﬂ . 8 iy WD

Figure 5.14: Photometer (Visocolor umweltkoffer.pl-1117371).

The test which done hefore treatmen

tis for pH

__p-l.l——? T E:;—:.'r— S -

—_— = L S

Ihis value shows that this water js healthy according to table(5.2)

Fable 5.12: Guidelines for drinking water




5.4 Water test

After the reduction of the percentage of gases the pH percentage of the water had
change so we expect that the water be more acidic. So the test of water has been done
also before and after the experiments by using the photometer see figure (5.7):

Figure 5.14: Photometer (Visocolor umweltkoffer.pf-1117371).

I'he test which done before treatment is for pH

pH=8.1 mg/l.

This value shows that this water is healthy according to table(5.2)

Table 5.12: Guidelines for drinking water

WHO ELU The LS/EFA Canadn {Fmun Upper limilic
Metherbands
oral eoliform | ] 0 16 10
e 100 ml =
rate m 30 25-50 | 50 45 43 & 30
alcium mg/l b | 150 TS—%@ 200
Sapmesium 30-150* 150
S loride 250 25 150 250 250 200-600 | &00
) mg/l ar % [ =7a%, 2] I | 3%
dness mg'l S00 | | 100-300 | S04
2 meg!l 10
6 |

osphate mg‘l




*  Linked with sulfate concentration

(8] Adopted by this study as drinking water puidelines and used as a

comparison tool

The tear

which had been done after serubbing process also for pH and

ulfte mgl | 01 2s0!  0250] 250 s00]  200400 400 |
wmmgl | g g 120-150 | 200 i 200

otal suspended None 1000 | 1000
lids mg/] | B I T ) .

otal Dissolved | 1000 1 500 1000 | 500 S00 00-13500 1500 |
lids my/] '

urbidity NTU | Gy 4 Lrtem Ly 3
modia my/l | LS| 00505 0.3 i) 1.5

its value was:

pH=6.5
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This mean that after a large number of cycle for treatment the pH will decreased




L.6: Recommendations

After all these resulis and after the desiyn of the Prolotype we recommend the
tollowing

®  Increase the metal plates inside the tank to increase the efficiency of treatment.

* Use another fin inside the tank to add additional pressure upon the surface of
the liquid since the increase in pressure make the solubility to increase.

* Using water jet inside the tank to spray the water on the smoke S0 the
eiticiency will increase.

* Usc cooled water inside the tank since the lower the temperature the higher
solubility of the gases in the water
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APPINDIX B:
PROPERTES OF CO, AT ATMOSPERIC PRESSURE
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Table Bl: propertics of gases ut atmospheric pressure
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