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Reducing the environmental impact of manufacturing cut-off wheels in local
industry; is the aim of this project. This aim is met through developing a new

technique to solve the air pollution problem depending on the absorption technique.

The project focus is to design, build and establish an absorption packed tower
with a control/monitoring system. This was accomplished after performing a process
performance evaluation for existing gas treatment process in Eagleflex Company.
This report summarizes the industrial and scientific backgrounds of this project and

presents the design and building works. Also, recommendations for improving the
operating system in the company are made.

Field visits to the company, for the purpose of process analyses and real data
measurements of gas concentrations, lead to performance evaluation (qualitative and
quantitative evaluation). This showed that there are various types of polluting gases
released from the process furnaces, including NH3, VOC and HCN. The existing
treatment process, based on wetting exhaust gases by simple water downward flow in
a cylindrical vessel with water circulation system removed some of the gases with
different removal efficiencies. However, measurement results showed that a stripping
process (pollutant release from water to gas stream) occurs after water saturation.
This paved the way to improve the existing treatment process, and give the basic data

for designing, building and monitoring a new absorption process to increase the
efficiency.

The preliminary performance evaluation had established a consolidate
methodology for the new process design. Absorption packed tower of 40 cm

diameter, and a 2 m height was built with full accessories.
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hapter One

General Background

and Project Concept

e Project Background.

* Project Scope.

* Project Goals and Objectives.
¢ Project Choice Justification.
e Project Implementation Plan.

e Budget.
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In recent years, Eagleflex identified the problem and installed a hand-made
device for gas absorption based on what is called it "the waterfall": it is a wet
scrubber in a metal box with water circulation. Pollutant gases stream enters inside
and impinges the waterfall. This removes a percentage of pollutant gases by
absorption, and the treated gas leaves the scrubber into atmosphere. No design
calculations were made before installing the device and it is not build and operated .

according to absorption engineering concepts.

This project includes a review of the industrial operation for making cut-off
wheels (cutting fibers), evaluation of existing pollutant removal system in Eagleflex
Company, and a suggested controlled design for improving the system efficiency. In
addition. designing and building a new gas absorption process in packed bed has
been done within the project, for better gas removal efficiency; this illustrates the
importance of the project as it tackles a problem in local factory by applying

engineering principles.



1.2 Project Scope

The scope of the project is to reduce environmental impacts of a local
industry by improving its existing gas treatment process and suggesting a new

process. This includes the following main topics:

e Literature review of the industrial operation for manufacturing cut-off
wheels focusing in types of gases released, and also a field study for
understanding the operation of making them in Eagleflex Company which
manufactures the wheels.

* Reviewing the scientific background of the air pollution problem and its
treatment by using absorption method.

e Literature study of environmental impacts of air pollutants such as NHj,
HCN, VOCs, and other gases. This includes highlighting and their
environmental impact over human beings, animals, and plants.

e Quantitative and qualitative study of air pollutants that are released as a
result of baking cut-off wheels (fibers) in Eagleflex Company.

e An evaluation of the existing treatment process for pollutant removal in
Eagleflex Company.

* A suggested packed tower design and building.in order to improve the
efficiency of pollutant removal process. -

e Recommendations for developing the existing industrial operati(:m such as
installing monitoring and control systems to control the existing pollutant
removal system and the suggested design. In addition, improving the
operational procedures as well as making potential equipment

modifications.



LA Projeet Gonls and Ohjeetiyes

The averall alin of the project is reducing the environmental Impacts of air

pollution that results from manufucturing cut-off wheels in local industry by pas

ahsorption and Integrated controlled nystem,

LY Genernl Gonls

Attempting 1o reduce environmental impacts in Eagleflex company by
handling the air pollution problem,

Applying, the mechanical enginecring principles and the concepts of

Mechatronies  enpineering on the varfous process  components  and
nyntems,

* Improving operation in o local industry and serving the society in order to
improve the quality of life,

o Crenting bridges between engineering education and local industry,

1.3.2 Speclfie Objectives

I) Evaluation of the existing treatment system for pollutant removal in

Eagleflex Company by:

e Qualitative study of pollutant gases and their environment impacts.



2)

3)

4)

3)

Quantitative study of pollutant gzses such zs determining t== entace

e a2 T _RLWC —_

removal of pollutants.

removal system and the industrial operation in Ezglefex company such
as:

Installing relief valves into ovens to provide fresh zir when utlet
opens in order to allow gas to leave the oven and to provide slightly
cooling for fibers, rather than opening the oven gzs door currently, which

pollutes the production site.
Installing monitoring system by installing gas sensors in different places
in the factory, where workers exist in order to operate ventilation system

if the concentration of gases exceeds definite limits.

Other suggestions to be identified during process evaluation.

Designing and building a packed tower in order to improve the efficiency
of pollutant removal system. This includes determining packing height,
tower diameter, distributor design, pump and fan power calculations ...

etc.
Implementing the packed tower.

Developing control and monitoring system, this includes:

Installing sensors to control gas flow and water flow.

Installing sensors to monitor the concentrations of gases at both the inlet
and the outlet of packed tower, and the existing treatment process for

better operation.

Programming the chosen control system.



1.4 Project Cholce Justification

1) The air pollution problem needs to be resolved and treated in local
factories such as Eagleflex factory, and this can be done by the ability of
local engineers, this will serve the local society,

2) Projects that are integrated with industry like this project can develop the
practical aspects for engineering students,

3) Such a project provides the opportunity to apply what have been studied
in five years in the engineering college.

4) The availability of obtaining funds from Industry Synergy Center (15C)

for purchasing the required project components,

1.5 Project Implementation Plan

This project intends to sustain a high level of scientific value, however, the
project has got tasks, goals and objectives, in addition to the time table, thus when

they are achieved; and then the project has accomplished that level.



LA N Pankoy nndd Netivitlos

Ehe g tshocand activitfes thiat lave been seheduled were ms follows:

o el v o Pagletley fetory Inorder to;
DY Nteasure the concentrations of pollutints, and for enthmating pas flow
rate and densdty,
N Undderstand the tndustidal operation of muking eut-off wheels (fibers),
andd for treating potlutant pasey,
D Constinet the temperature eurve for baking, process nnd estimating the

pressure curve of the produced panen,

o Preparing a packed tower desipn necording o the estimated flow rate in
the industrial process and density of pas, and checking the results using
packed tower caleulntor soNware,

e Nourcing materials and various project components,

*  Building a practical packed tower, and test the efficiency of it.

e lmplementation of control and monitoring system.

e Preparing the estimated budpet.



1.2 Time Tzble

The following tasks were planned to be done during the semester. Table 1.1

5

e distnbution of these tasks over the semester weeks:

" p— 3 .
describes

o Field visits 10 Eagleflex factory for confirming data measurement and
obtzining new data.

» Complete evaluation of the pollutants rcmovall system in Eagleflex
factory.

» Complete evzluation of the industrial operation in Eagleflex factory.

* Reviewing and finalizing the packed tower design.

» Sourcing and purchasing the required project components.

e Building the designed packed tower.

¢ Implementation of the control and monitoring system.

¢ Testing of the implemented tower and control system within the semester.

* Preparing documentation, summarizing the results and recommendations,

and making presentation about the project.



Table 11 "Time table
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1.6 The Estimated Budget

Estimates are made for the project components (packed bed process), as listed
in table 1.2

Table 1.2: Estimated budget.

Item No. of Cost ($)
items
Acrylic pipe of 40cm diameter and 2m height 1 100
Iron Flanges 4 120
Steel cylinders 'four cylinders with dome and 6 100
base’
Anemometer 1 50
Muffa, Nipple, Support Bars,
Screws, Cascade, Distributer, —- 250
Pipes, and kalkal
Labor and Welding, — 230
construction costs  Threading...Painting
' Galvan —_ 25
Steel Conic 1 50
Pump 1 50
Fan 1 50
Packing material 300 meter 100
Water container 2 20
Microcontroller chip, LCDs, — 100
and accessories
12V relays 4 25
Control and o > %0
monitoring system e
components Electrical valves 2 150
NH; sensor 2 400
Acrylic plate (2m*1m*4mm) 2 30
Experiments: Acrylic plate (20cm*126cm) 1 10
Acrylic plate (50cm*126m) 1 15
Others —- 100
Total 2025

12
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CRmpany i determtived atter extablishing the tailding of the ek tower, win
ahowni i table (LY

Pabile L4 et Ron the pooposed modbieations in Hagletles

Component # ol pleves Clont (%)
N sensor \ 000
HON senvor \ A0
VOU sensor A 1000
Clrenitey (1CY) and s 130
wiring
LCD and Computer A0
Others 00
Total 2800
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hapter Two

Gas Pollution and its Treatment by Absorption

° Introduction to Air Pollution Problem.
° Environmental Impacts of Gases.
e Gas Absorption Treatment Method.,

w Packed Column Design Parameters.
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Clinpter 2

G Pollwtlon nnd s Prentmont by Absorption

20 Introduetion to Ale Pollution Problem

At pollution: problemt becomes one of the ot [mportant plobal problemes
overall the world It oceurs ax a tesult ol pollutants entering Into atmosphere which
come fhom combustion processes, el burndng, factodes chimney, and other

operations that produce pollutant RAROY,

Pollution afteets ereature's health and the quatity of ey it couses a lot of direnses
for human beings such as breathing problems and cancer, {1 doesn't only affict

human beings, but also animals, plants, and ccosysten will be threatened,

Pollution changes earth*s atmosphere; it allows more harmiul radintion from the
sun. At the same time this polluted atmosphere iy becoming o better insulator,
preventing heat escaping back into space and leading to a rise in global average
femperatures, Seientists predict that the temperature ineroases refered 1o as plobal
warming, will affect world tfood supply, alters sea lovel, makes weather more

extreme, and increases the spread of tropical disease,

The baking process of cut-off” wheels, releases hazard pollutant pases into the
atmosphere. These may include carbon monoxide, nitrogen dioxide (NO;), sulfur
dioxide (SO;), ammonia (NHy), HyS, HON, and volatile organie compound (VOC's),

These pases cause various healthy impacts,



The pollutant gases have envitonmental impacts, which aftect all aspects of
e on the planet. The effeets of these pollutants are illustrated in table [A1] in

appendin [A] The tollowing subsections highlights major points related to these

1.2 Eavivonmental tmpacts of Main Polluting Gases

mpacts. Table 2.1 summarizes the pollutants major impacts.

‘i
s

Table 2.1; \laud.\ni r\lln\\ able Limits of Pollutant Gases.

Gay

CO

NO»

802

e S——

“Major impact

* Reduces the amount of oxygen carried by
hemoglobin,

“* Contributes to the formation of
photochemical smog.

* Respiratory problems

* Irritates the nose, throat, and al}\Tn; 310 e
cause coughing, wheezing, shortness of

breath, or a tight feeling around the chest.

TCN 7 il

voC

* Causes the nose to stop perceiving its smell
after a few inhalations.

* Can cause death within just a few breaths at

hiu.h concentrations.

* Affects the nervous thcms

* Can cause death,

* Eye, nose, and throat irritation.

16



Table 2.2: The allowable limits of main pollutants.

 Gas | Allowable Average | Allowable e\vcmgc “Allowable Kﬁfn?ca Ref |

ppm (Minutes) ppm (Hours) ppm |

L year |

O RN o0 0 8 0.2 1 17 |
NO, § 15 25 8 | o00s3 | 1 [us
SO, 0.2 10 53 8 1008 | -1 |18
WS [ 10 | 0 20 | 8 023 1 I8
HCN | 47 st 1ol B o Ml 1 S e T BT
NH, 3 108 |2 |8 | uspp | 1 |18
VOC 5 10 25 T CRBE

2.2.1  Carbon Monoxide (CO)

High levels of carbon monoxide are poisonous to humans, and it can't be

detected by humans as it has no taste or smell and can't be seen.

Increased levels of carbon monoxide reduce the amount of oxygen carried by
hemoglobin around the body in red blood cells. The result is that vital organs, such as
the brain, nervous tissues and the heart, do not receive enough oxygen to work
properly. At very high concentrations of carbon monoxide, up to 40% of the
hemoglobin can be bound to carbon monoxide in this way, This level will almost kill

humans.

17



2.2 Nitvogen Dionide (NOy) ™

Nitrogen: dionide is a nasty-smelling pas, Some nitrogen dioxide is formed
naturally i the atmosphere by lightning and some i produced by plants, soil and
water, NOx s an important air pollutant; because it contributes 1o the formation of

photochemical smog, which van have significant impacts on human health,

The main effect of breathing in raised levels of nitrogen dioxide is the
increasad likelihood of respiratory problems, Nitrogen dioxide inflames the lining of
the Tungs, and it can reduce immunity to lung infections. This can cause problems

such as wheezing, coughing, colds, lu and bronehitis, acconding to table (2.2).

2.2.3 Sulfur Dioxide (SO ™

It is invisible and has a nasty, sharp smell. It reacts easily with other
substances to form harmful compounds, such as sulfuric acid, sulfurous acid and

sulfate particles,

N

Sulfur dioxide atfects human health when it is breathed in. It irritates the
nose, throat, and airways to cause coughing, wheezing, shortness of breath, or a tight
feeling around the chest. The effects of sulfur dioxide are felt very quickly and most

people would feel the worst symptoms in 10 or 15 minutes after breathing it in,

18



224 Hydrogen Sulfide (1,8) ¢

The health effects standard for hydrogen sulfide gas is 15 ppb (Parts per
billion), daily maximum one-hour average, not to be exceeded more than seven times

per year,

At low levels of H,S, the odor of hydrogen sulfide gas can be perceived at
levels as low as 10 ppb (parts per billion).At levels of 50-100 ppm (parts per
million), it may cause the human sense of smell to fail. Exposure to lower
concentrations can result in eye irritation, a sore throat and cough, shortness of
breath, and fluid in the lungs. These symptoms usually go away in a few weeks.
Long-term, low-level exposure may result in fatigue, loss of appetite, headaches,

irritability, poor memory, and dizziness.

At high levels exposures (usually greater than 300 ppm), H,S has the amazing
effect of causing the nose to stop perceiving its smell after a few inhalations, which
may lead to the inhalation of a toxic or fatal dose (which can occur at 600 ppm).
Breathing very high levels of hydrogen sulfide can cause death within just a few
breaths. There could be loss of consciousness after one or more breaths. At high
levels, hydrogen sulfide gas may paralyze the lungs, meaning that the victim may

then be unable to escape from the toxic gas without assistance.

19



2.2.5 Hydrocyanic Acid (HCN) 1"

Hydrocyanic  Acid (HCN) has a dangerous effect on human health,

nevertheless, it has a healthy impact according to the table (2.1), which shows that

this toxic gas affects the nervous systems and can cause death, the toxicological

endpoints considered for chronic toxicity are the central or peripheral nervous
systems.

2.2.6 Volatile Organic Compounds — (VOCs) @

Volatile organic compounds (VOCs) are emitted as gases from certain solids
or liquids. Table (2.3) includes a list of various VOC types. VOCs include a variety
of chemicals, some of which may have short- and long-term adverse health effects.
Concentrations of many VOCs are consistently higher indoors (up to ten times
higher) than outdoors. VOCs are emitted by a wide array of products numbering in
the thousands. Examples include: paints and lacquers, paint strippers, cleaning
supplies, pesticides, building materials and furnishings, office equipment such as
copiers and printers, correction fluids and carbonless copy paper, graphics and craft
materials including glues and adhesives, \permanent markers, and photographic

solutions.

Health Effects of VOCs include Eye, nose, and throat irritation; headaches,
loss of coordination, nausea; damage to liver, kidney, and central nervous system.
Some organics can cause cancer in animals; some are suspected or known to cause
cancer in humans. Key signs or symptoms associated with exposure to VOCs

include conjunctive irritation, nose and throat discomfort, headache, allergic skin

20
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2.2.7 Ammonia (NHy)!"™

Ammonia is a nasty-smelling pas, although its concentration may be less

than 25 (ppm): it can be detectable by smell according to the table (2.4).

Ammonia concentration in air

(opm) Health Symptoms
<25 Detectable by smell. Maximum Permissible
Exposure Limit (PEL)V
o Uncomfortable, breathing support required.

Maximum exposure 15 minutes "

50 OSHA? maximum exposure limit

|
Imtated eyes, throat and mucous membranes. |
100 Mild eye, nose, and throat inritation, may
develop tolerance in 1-2 weeks with no
adverse effects,

140 Moderate eye irtation, no long-term effect in |
» exposures of less than 2 hours
400 Moderate throat irmtation. Damage of mucous |

‘membranes with mare than one hour expasure |

500 Immediate danger to life limit (IOLH)
1,000 Caustic to airway
1700 Fatal after short expuhsout::es - less than half an
5000 Immediate hazard to life
> 15,000 Full body protection required
160,000 - 170,000

Flammable in air at SO”C

2.3  Gas Absorption Treatment Method"!

Gas absorption is one of the main techniques used in pollution control devices
such as wet scrubbers and spray-dryer-type dry scrubbers for the removal of acid gas
compounds and water-soluble organic compounds. The acid gas is absorbed as it

comes into contact with the liquid. The rate of pollutant capture increases as the

22
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When the gaseous phase is 3 minture of two or more pases, the equilibrium
distribution of a particular gas between gaseous and liquid are given by equilibrium
curve. It is a relationship between concentrations of the 2as in the pas phase (ex

mole %6) versus its concentration in the liquid phase.

Such equilibium curves are essential for designing absorption processes. At
low concentrations, the equilibrium relationship becomes linear, and obeys Henry's

law, given by the following equation:
y=H/x @n

Where:

y: Mole fraction in gas (eg. NHj in air).

H: Henry's constant.

x: Mole fraction in liquid (eg. NH; in water).

Table (2.6) provides Henry's constants expressed as Ay for various gases at
298K.

Table (2.6) Henry's constants (',

~ Gas kn units
~co 1052.63 L-atm/mol
| H,S 515 L-atm/mol
0, 43x10° L-atm/mol
' NO, 1.0x10™ mol@m
| NH, 0.76 Dimensionless
' S0, 38 L-atm/mol

HCN 0.122 L-atm/mol

0; 5x10° L-atm/mol
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Starting from the equilibrium data, Henry's law constant is needed and can be
determined from the slopo of the y-x diagram, Based on mass balances across the
absorber and equilibrium data, the minimum liquid-to-gas ratio can be determined

from which the minimum liquid flow rate and the actual operating conditions are

established. This step is illustrated in figure (2.3).

Afler selecting the packing material, using the generalized flooding and
pressure drop correlation (or chart, see Appendix [1]), the mass flow rates of liquid

and gas, and the Muid and packing characteristics, the mass flow rate of the gas per

unit cross sectional area of the tower was determined.
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Figure (2.3): Ilustration of Step-1 in Column Design for Obtaining Required

Liquid Flow Rate,

The operating liquid flow rate depends strongly on the inlet gas flow rate,

solute concentration in the inlet liquid, and solute removal efficiency.

The operating point (ranging from 50 to 75% of flooding velocity) will be

used to determine the required cross-sectional arca and diameter of the absorption

tower. This'step is illustrated in figure (2.4).
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Figure (2.4): Illustrates the step 2 of obtaining the column diameter.

The tower diameter depends strongly on: the inlet total gas flow rate, percent
of the flooding velocity selected, packing factor, size of packing, and on the type of
material used (at fixed size of packing), and the properties of this material are in
appendix [I]. The tower height depends on toxic gas concentration in the inlet gas,
and on the required toxic pollutant removal efficiency, as well as an equilibrium data,
however, independent of gas and liquid flow rates, and the general equation for
estimating bed height is: .

Z.=Hog X Nog 2.2)
Where:
Z;: Tower height.
Hog: The height of gas phase mass transfer unit.

Nog: Number of gas phase mass transfer unit.

29



hapter Three

Industrial Operation in Eagleflex Factorv

Introduction.

Factory Layout.

Raw Matenals Used in the Cut-off Wheels Production.
Equipments Used in Cut-off Wheels Production.
Industrial Operation of Cut-off Wheels.

Description of Industrial Operation in Eagleflex.

Introduction to the Existing Treatment Process.
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Chapter 3

I. . I o 0l hl
1dustrig| Operation in Eagleflex I actory

3.1 Introduction

When a spot of light has been focused on the cut-off wheels manufacturing in

Eagleflex factory; many production procedures showed up, and the manufacturing

processes of the cut-off wheels passed through many challenges, either in the

sourcing of raw materials, or in the environmental impacts of the industrial

operation.

Neither the sourcing of raw materials, nor the environmental impacts of the
manufacturing of the cut-off wheels have been an obstacle for developing this
industry in Palestine, and more precisely in Hebron city. Furthermore, the products
of Eagleflex factory which label is called “Eagle Flex” had passed through many
quality tests made in USA. However, its products had overcome the quality of the

_cut-off wheels of “Israel”, the competition with which could be the main obstacle in

developing this industry in Palestine.

In order to handle the pollution problems in Eagleflex and develop a solution
of these problems, it is essential to figure out the industrial operation of making cut-

off wheels (fibers), and analyze the operation of the existing treatment process

(waterfall scrubber).
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cutathwheets e addite \
S eompleto deseription of the process in Bagleflex factory

womentienad within the fllowing seetions

The cut-ott wheels : -

' Vwheels are used in cut-off applications of all kinds, in the metal,
\\\\‘{ W \‘ -“\ a1 sdal

amstretion, rail and other industries, and so they are made of mixing chemical

aomponnds that will produce the desired cutting wheels properties,

The detailed manufacturing processes of cut-off wheels are considered to be
contidential industrial information, but the general description of the process can be
obtained from literature. The main raw materials need to be studied in order to
mderstand their chemical formula, and to identify the main gases that cause the

pollution problem in Eagleflex Company. The following raw materials are used for

manutacturing cut-oft wheels:

1) Vitrified bond: this bond affects the product rigidity.

) Resin bond - Organic bond makes the wheel tougher, suited for heavy-duty

operations, high operating speeds, rough grinding, and cut-off applications.

3) Silicon Carbide.

4) Aluminum Oxide.
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3.2 General Production Process

Manufacturing of cut-off Wheels is based on blending various raw materials,
including particulate matters and bonding polymer, and then baking these material
after being attached to the fibrous structure of the wheels. Baking is accomplished in
large ovens up to temperature higher than 170 C'for long periods. This would result
in the release of various gases as a result of polymeric reactions in the ovch. Upon
baking completion, the oven exit is opened to release the gases and cool the products,
while the door is slightly opened. A generalized block diagram for the industrial

process is shown in figure (3.1)

Eagleflex developed a simple absorption process, which it calls waterfall, to
treat the effluent gases. The idea was captured by Eagleflex from its observation of

reduced environmental impacts during rainfall in winter.

Figure (3.2) and figure (3.3) show the layout of Eagleflex factory in 2-D and
3-D respectively, and the locations of the ovens and the nozzle that collect gases

from exit, which lead the gas through a twelve meters pipe to the waterfall scrubber.
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AN Haw Materinly

Winw materinls are the bhases ol manufacturing cut-off wheels as well as
manuteturing sny othey products. Israeli occupation forces a lot of obstacles on the

local ndustry, and due 1o miny restricting policies that were forced on the
Paleatinlan induatry, the development of the local industry is limited,

So. when ordering the raw materials, which are chemical compounds, the

brought matetlals may be different from the needed raw materials, and as there is no
doveloped laboratories in the fuctory or in Hebron to examine the chemical

compounds, the chemist, has doveloped a way to determine wither the raw material
aro adequato or not for manufacturing the cut-off wheels,

Thero are o lot of raw materials used in the manufacturing process of the cut-

ol wheols, and the following table describes the chemical compounds that are the
maln raw materlals and their chemical formulas:

Tablo (3.1): Main Raw Materials and their Chemical Formulas.

Raw material

Chemical formula T

Resin Confidential

Bacalite o ' Confidential

Brolite e . ~ Confidential

Pyrix - Confidential
lron(11) Sulfide FeS

Fused Aluminum AL,0,

Silicon Carbide T SiC
“Calcium Sulfide CaS
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ML Equipments Use T
| Kqui (s Used in 1iheyy Makdng Process

" tI " " \ M
Phere e o ot of oquipments wwed In (e manulnctuning of fibers, and these

A\ t) A \
equipments can be cateporized gy manutucturing tools, testing tools, and packing
tools.

3.1 The Misers

’ ol H \ " .
When a chemical mixture of the tibers is (o bo propated, the mixers are used
3 H - '
to establish the manutactuting process, so thoeso equipmonts are used (o mix the

chemical compounds with the approptinto percentapo ol onch compound, these

mixers are shown in the figure (3.4).

Figure (3.4): The Mixers.

7



3.4.2 The Piston Press

This press is us N s : -
P 15 usad to develop a sufticient pressure on the chemical mixture

reinforced plastic s i o
and plastic sheet, in order to compress these components together; so the

baking process of the fibers will take place in the oven.

The pressure generated by the press equals two hundred bars, and the press is
shown in the figure (3.5).

Figure (3.5): The press.

38



3.4.3 The Ovens

Fibers are baked i i i
Ked in ovens that supplies heat energy, by a mean of coils, to

ake the fibers. The temperatire wi ot o
bake the fibers. The temperature which increases with time, starts from room
temperature, and ends lower than 200 C*, as shown in figure (3.6), the outer and

inner dimensions of the ovens are illustrated in the table 3.1 [see appendix B].

Pressureand Temperature vs. Time

600 - - e
Value

500 {—

—&—Pressure KPa
400

——Temperature c®
300 -

200 -

100

0 2 6 8 10 14 19 24

time lhpur)

Figure (3.6): The temperature and pressure curves in the ovens with time.

The pressure curve shown in figure is estimated from temperature curve

assuming ideal gas law (closed system).
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Walls of the ovens are in< . ; : Loy
s of the ovens are insylated by fiber glass isolating matetial, in order to

keep the ovens unde osi \ - ‘
keep the @ under the desired temperature, by isolating the ovens from the

surroundings. The ovens exit is connected to pipes of 4 Sin (125mm) diameter, which

- ‘ = -
are collected to a nozzle that will lead the gases to the waterfall scrubber; figure (3.7)

shows 2 figure of an oven.

i

b.ANER

Figure (3.7): The Oven.



3.4.4 Testing Devices

For makin i
g the optimum performance at working conditions of the
manufactured fibers, a test for static balance must be done, and the device is
11 :
manually operated, and the maximum allowable undesired weight is three grams in

the fiber. The testing device is shown in the figure (3.8).

A second testing device is used for dynamic balance, where the speed of the
fiber disk is taken into consideration, however, the fibers must not fail at the speed of
7000 rpm (rev/min), but in the local usage of fibers, it is only operated on 3000 up to
5000 rpm. However, Eagleflex products exceed 15000 rpm (based on report author's

observation).

Figure (3.8): Static Balance Testing Device.

41



1.5 Description of Industrial Operation

After introducing the equipments used for making fibers, it is clear now that

the industrial process is preceded by a chemical process. However, the main

chemical compounds that are mixed to produce fibers, are fused aluminum, silicon

carbide, calcium sulfide, chemical bonding material called (Resin), which is used for
combining these chemical compounds together. Resin is two types; one is liquid,
and the other type is in the form of powder, which is called (Bacalite) and it has an
industrial code number, also (Brolite) material is used, and (Pyrix) material, but in

case that there is a mixture for making fibers of 9" diameter.

e The weights of the chemical raw materials are determined for a
specified type of wheels; the materials are illustrated in the figure
(3.9).

e Materials are mixed in two different mixers, the first mixer is used to
mix the Bacalite, Brolite, Pyrix, and some additives, and the second
mixer is used for mixing the Resin material with the iron fillings
(FeS), as illustrated in the figure (3.4).

e Both mixtures are mixed again in the main mixer, with a 120 rpm
speed, as shown in the figure (3.10).

e The produced mixture is then filled in boxes, and left from 30 up to 60
minutes; to make a fermentable mixture, which is illustrated in the

figure (3.11).
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Figure (3.9): Chemical materials. Figure (3.10): The main mixer.

Figure (3.11): The mixture is resting in boxes.
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Then the mixture g put into a Sieve, in order to remove the big

undesired P

(3.12).

articles from the mixture, which is illustrated in the figure

Now the mixture is ready to be loaded into the press molds, after

putting the reinforced pl
(3.13).

astic sheets, which is illustrated in the figure

Then they are pressed in a gradual pressure up to 200 bars.
The produced unbaked fibers are loaded into special disks as molds.

These molds are loaded into the ovens, to be baked.

Fibers are loaded on plates inside the oven, which are designed to bear
a big amount of heat inside the ovens, where the temperature reaches

185 C°, which is illustrated in the figure (3.14).

Figure (3.12): The sieve.
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hapter Four

Evaluation of Gas Treatment Process in Eagleflex

° Introduction.
. Existing Treatment Process
e  Qualitative Study of Treatment Process.
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e  Experiments.
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Chapter 4

Evaluation o
X of G; e
a8 Treatment Process in Eagleflex

4.1 Introduction

It is clear that the manufacturing process of cut-off wheels releases pollutant

gases, and as said before, for developing a solution of this problem, it was essential

to figure out the industrial operation of making fibers, after that, an evaluation

(qualitative and quantitative evaluation) is done in this chapter, and in order to find
out the efficiency of the system for potential improvement, and in order to develop a
new technique to reduce the environmental impact, which is designing and building a

scrubber called "Packed Tower"; to increase the efficiency of the pollutant gas
treatment process (Waterfall) in Eagleflex.

4.2  Existing Treatment Process

As stated before, the existing treatment process (waterfall scrubber) in
Eagleflex factory is made with no engineering background of scrubbers, but the art
of developing such an idea, has came from the famous proverb ‘“Necessity is the
Mother of the Invention”, consequently, after noticing the reduction of the bad smell
in winter, an idea of using the water in treating the polluting gases had been born.
However, a gas absorption process is well documented in engineering literature and

implemented in various industries.
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Figure (4. 1) illustrates _ . o
gure (4.1) Hlustrates haturally occurred acid rain process which is the base
ur the idea of the water(; \ e o
for the 1 aterfall scrubber i Hagleflex, however, the creative idea also

cen brought to life : .
had bect ‘ life, and the Cquipment was produced, and the bad smell in the

y nding the fac
arca surrounding the factory had been reduced, and no complains came from the

factory’s neighbors, on the other hand, the workers were able to do their works with

more comfortable conditions,

Sutur Dioxide BTy g toanE o010 s Lealgtes
Emissions . H SO"Z,' H*

1
v 304-2 H.__———bHydtogen Lake

N _Reacts with :
Limestone __g Calcium &
Minarals Magnesium
Reacts with Sulphate

Alumino-Silicate
Minerals = e Aluminus

Figure (4.1): The absorption process in the nature.

The figure (4.2) and figure (4.3) show the existing treatment process in
Eagleflex factory, and so the operation of this equipment can be described as

following:

The pollutant gases that come from the ovens enter the equipment, through
the pipe that is connected to the nozzle, by a suction force drained from the fan that
is located above the waterfall, consequently, the water pump delivers the water
required to establish the treatment process, and then water droplets will contact with

gas, and the polluting gases will be absorbed as it is soluble in water.
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Figure (4.3); Schematic for waterfull scrubber
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‘ L Y b;‘ "_ ady o
3 Omaltstine Stpd, of Treatmen Process

g T T Vit i Tt e 3 - - .
o ) = ==902 1521 w=as done in the factory is to consolidate
= - N f’_y_- ;;—.‘::-,—-;-.: -:f"-'.; L ) ) .

s T = Paceed 1ower, as well as improving the efficiency of
L sOEIE e e Prooess. and to oive daee - 1- X )
o €180 = P >, &0d $0 =Ve Cztz 133.11.--:;5 and mtemre‘anon‘

5 Breem ooooephie]l mennfactire s based on the absorption technique,
WINER 3 SEEEC 25 e Uamsler of 2 gaseons Component from the gas phase to a
i [EUREOEE) prAse trough 2 gasYiquid interface, based on gas solubility in

Bz = hes got Emitations and shortages, and the qualitative performance
zvizgtion of ©55 scrubber, shows that 2 comrosion due to chemical substances, which

ome Zom Te polliniant gzses that zre generated in the ovens, due to the baking
sroczss of fibers, the comrosion is shown in the figure (4.4), which is expected to be

2z 20 Sfr Sionide (80;), 2nd 2150 from the Hydrogen Sulfide (H,S).

Figre (4 4) Treztment equipment corrosion due to pollutant gases.
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4.4 Ounntitative “““'Y o't PERtment pyu
AR ]

44,1 Measurement Deyieey

en focusing .
When focusing, on the g the taw materials of the ool whels

anicals, 1% cles v
chemicals, it s clear that these cherioq) omponnds il produce yases when the

at-off wheels are baked in the ogvens «
cut=0 ) 1€-0vens, Ko, from the AP roduced yaves from

. bakin wocess,  and s avails , , ., )
the baking | i, and from the available  deyvices which exist in Palestine

polytechnic University (PPU), specifically in Renewa)e Eneryy and Environmen
[? " 1 l . }/ ’ s, " ”
Rescarch Unit(REERU), the data that was 1aken from the factory has given very

important quantitative concentration of the polluting gases. ‘The following figures
/

show the devices that were used in measuring the polluting gases concentration,

The pollutant gases (NOz, SO,, NHy, and HON) are measured by Multi Gas
Monitor PGM 3000, and the pollutant gases (CO, H;8, 0;, VOC and LEL) are
measurcd by EntryRAE PGM 3000, which are shown in the figure (4.5),

g1
r - v-a..)
i ﬂ;
i

it

o —————— ——————————  W—

” L PCnA 3660
Multl Cras Monitor POM 3000 EntryRAE P 3

Figure (4.5): Multi Gas Monitor and EntryRAE PGM
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4.2 Concentration of the MC‘aSurcd e

For (138, concenirstion mcasurements, when they were done, it was assumed

that the flow rate of gas was steady at working condition when ovens release gases,

and the gas has no resident time at the cxisting treating process, with a pressure of

one atm.. Also it was assumed that the devices that measures gases concentrations
were calibrated.

Strictly speaking, after taking measurements for gases from Eagleflex factory,

it was noticed that there were a lot of pollutant gases in the factory, that are produced
from the manufacturing of the cut-off Wheels, and these measured values were very
Jarge, and some concentration of gases had reached the max value that the device

could measure, such as the ammonia, so the baking of fibers results in hazard gases.

The main locations that have been taken as a ﬁe]d of measuring pollutant gas
concentration are shown in the figure (4.6), as the data was taken after a number of
field visits to Eagleflex factory, and it shows the quantities of polluting gases in the
factory. Table [4.1] summarizes the data taken from various locations in the factory,

and for more detailed data, see appendix [D].
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Table [42] Tintn the ey,

Tonoy o the watertinll werabbyes (existing treatment
I indiontoy hint 1y
on the contrary, there wan » Mg,

\ fpleflox fhe »
plm"‘" In Hox hary Howin no reduction for pollutants,

Process wera the polluting pases retarn from
(he water 10 the ali, thin In an opponlie

Procens 1o the abwsorption, and this is resulted
wele of the .
from the long ey To o the water s d i the nbrorption process, however,

compound v added 1o the water 1o Inerenne the comtacting sirface between the water
and pas particlen

n chemical

Table [4.2]The efMicioncy of the waterfall scrubber

(oven) | (waterfull) | (outlet 1o Hiliciency

Gas(ppm) ntmosphero)
CoO 92.4 0 | Stripping
H,S 0 0 0.2 Stripping
VOC 459 10,2 17.8 Stripping
NO, 2.42 0.1 0.4 Stripping
NH;y 200 413 145.6 Stripping
SO, 0.0 0.1 0.16 Stripping
HCN 1.4 0 0.2 Stripping,
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Table [4.3]): Ay
<1 AVerape
8¢ pas measurement concentration (ppm)

Average Gas mono. .
£¢ Gas measurement concentration (ppm)

- The water cyele is 32 days, \
| (:;h:‘“ ‘}Nll;;c | 01“‘:;‘ ’ ll".)lf'lcicnc_v % I\"'O\\'lcd Lxpected
. | | etween the limit ‘\ Gas from |
| ' Nozzle & outlet In one industrial
l year process
S 02ppm | Yes
0.23 ppm No
0, 20.13 | 209 209 Not Included Not No \
‘ Included L
lfvoc 6983 | 30.57 | 200 34.57% 0.35 ppm \ Yes
LfNOZ 1.68 | 0.0714 | 036 -403.99% | 0.053 ppm \ Yes \
B NH; | 200 |63.143| 692 -9.59% 1-5 ppb \ Yes \
So, 091 | 0257 | 023 10.5% 0.03 ppm \ Yes \
5 HCN | 11 | 1143 | 15 31.23% 0.2 ppm \ Yes \

To see the allowable limits in average minutes and hours, see appendix [E].

The main reason that the concentration of the pollutant gases in the oven is
different from the nozzle is due to the fact that the nozzle is opened to the
atmosphere, and there is a dilution process. Consequently, the pollutant gases that are
produced through the baking process of cut-off wheels, reach the existing treatment
process with very lower concentration. On the other hand, H,S that has been
measured at the outlet of the waterfall scrubber may be a result of reactions between
gases after the chemical compound, which is added to the water to improve the

contacting surface, acts as catalyst that promotes the evolution of HaS.
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The charts below illustrate the dagy int

: o ables [4.2] and [4.3), where the gas
concentrations are taken in differey locations

Figure (4.7a):

1 rases coﬁcent}a}igﬁ' - _— .
160 Tases concentration
08 || —— 140 {—— gu
120 -
E 0.6 _— mCo g. 100
a )
& 04 +— mH2S 80
60
0.2 1 8] N02 40 mVOoC
0 - mS02 Zg u NH3
& & = HCN
& &
Figure (4.7b):
gases concentration 70gases concentration
mCo
- m VOC
— E
_mNo|| =
2
| mso u NH3
2
[: HC
N The The
The Nozzle The Outlet Nozzle  Outlet
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The following charts show the pollut

. | ) ant gases concentration in a different
ions from the table
locatlo [4.3], Compared to the allowable value that is not to be

exceeded in one year average. The (a(a indicates that if these

gases are not controlled
in the correct way; there will be very h

azard conditions surround the workers in the

nd there are i : i
factory, a a lot of environmenta] Impacts due to the large amount of toxic
gases released to the atmosphere.

NO, concentration (ppm)

H The Oven 1.68 B The Nozzle

® The Outlet | @ Allowed limit In one year
714 0.36

HCN concentration (ppm)

® The Oven

B The Nozzle

H The Outlet | Allowed limit In one year

SO, concentration (ppm)

m The Oven B The Nozzle m The Outlet @ Allowed limit In one year
0.91
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NH3 Concentration (ppm)

“The Oven m
' mThe Nozile w The Outlet m Allowed limit In one year
200

NH3

CO concentration (ppm)

@TheOven mThe Nozzle ®The Outlet m Allowed limit In one year

VOC concentration (ppm)

®The Oven mThe Nozzle mThe Outlet mAllowed limitIn one year

698.3

Figure (4.8): Concentration of Pollutant Gases According to (Table 4.3).
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These preliminary 1o

confirmed, as the calibratiog

of the waterfall scrubber at (he factory

10 Bagletlex factory,

l'able (4.9): Gases Measurement Results.

p—

SUIS OF the cone .
ol the concentrations of gases have not been
100 the e

Asuring devices has not been done yet for
U measurements, data were taken at the outlet

v afler somo recommendations that were piven

“Description | minute | 1‘i;m\\0‘15c5 (ppm) Outlet from waterfall

CO | 18 | 0, [ VOC | NO, [ N, | SO, | HICN
%

" These O 85| 0 | o (21 13 031 7 o o
measurements 1 TT 21| 18 | 04 1 0 0
were taken 2 01021 3 03] 3 | 0 0
every one 3 V104 .8 1034 3 [0 0
minute 4 010 21|16 [02| 5 [0 | o
5 01 0 121|861 031560 040
6 010 211 5 [02] 6 | 0 o
7 010121 7 o1l 6 | 0o o
8 0 (o0 211 15027101 o
9 02lc0mli2] 113 8e 0.1 127812 0 315 0
10 00 |21 5 [o1] 7 o] o
11 0480 0 212140 Sl 0.2 el 3 Bl 0 815 0
12 00 |21 5 |o1| 4 |0 o
13 OME05 121 A STRMEC 1A BIRNE0 112 0
14 0o 21 5 [o1] 3 |0 o
15 0|0 21| 5 |o1]3 |0 0
18 918 0o of21] 3 o3 ]o0o] o
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_—These L kh\‘\‘7\~ .
T 0 0\} ﬂ
— 1 6
24 . 0.1 4 0 0
aquren‘cnts 0 A ey ey
- med W— 0 | 21 3 —
. S 0| 4| o0 0
“-c['C tal\en 27 0 T _—l
e\-erv three 30 0 TT oy |
\ =
minutes 0.2 5 0 0
~These 31 TTN\
ts| 32 —— SR 0TS0 [ ©
ements e S RN
pes ok 3 L o121 4 [o1 6 [0 o
" e 34 L 0 121 4 o1 [ 7 0 0
very on P ——
- : Ol ol 4 Toa T 7 o o
minute 35 G a It
56 Ol o214 o1l 7 0o o
t P
ey Olol2al 2 o3[ 1 [0 o
inutes 66 ]
minu 0 0 21 3 02 3 0 5
| 76 Ol o 21 4 o35 o0 o
| every One 7 U U BT R BT B B 0
| minute 78 0| o [21] 35 YREG 5 5
79 R (T S I 3 e
80 0lo |21 4 o216 01 o
81 Oft  0he21 1 4 | 02 <6} 0:] 0
82 010 (21| 3 o2 4 o] o

The water (which is used for absorption) was replaced with fresh water at
these measurements at the same day of taking these data, the above data shows that

the recommendations of replacing water earlier than a month or even two weeks has

agreat effect on the efficiency of the waterfall scrubber.

The water that has been used in the absorption process of the gases at the time
of taking these data was analyzed at biotechnology department and showed that there
are growths in the concentration of the contaminants in water, and this experiment is

illustrated later in section 4.4.3.3.
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Charts show the v

ariation of e
the gas concentrations with respect to time
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X papertnental Waork

ey Measning Flow Rate

An the Aneimometen i not g alable tocally, attern

‘ ative solutions have been
aaviopad r measuinmg the was flow nate,

onstiueted adeviee i measuting the

pon ke that will be usad i many Measurements o was Nlow
IO ~ \ AL s AN M, .5
‘h\ ananomatey \‘(\\\\‘ Was “““‘(\““‘\“\\L ;““‘ u“\ ‘\;\‘\\\ \\l‘ d\‘&'\“‘\\\il\‘\{ .\'“\“\ Q
Javne W the \h;\l\\‘\v ot \\\lt;\\x‘\u ot a DO fan when the Ras o ait passes lhl\\l\‘v\h its
Mades, and sy the Mnetic enenay of the gas is converted to electiical enerpy.

Thir base has established a strong methodology for implementing the
sacmometer, and using the microcontroller to process the output voltage trom the
DC fan, fnthenmore, the results are showad on LED for both

average veloeity (ns)
X
and low rate (ms)

Smctly speaking, atter many experiments, the anemometer device had been

constiuetad with the final shape as the tollowing pictures illustrate it:

Figure (4.92): LCD display of the Anemometer.



Figure (4.9b): Constructed Anemometer.

d in the Thermodynamic 1ab. by a device that

The device was calibrate
ed in a way that the air

d so the device was locat

known velocity of air, an
will produce an output

roduces a
elocity passes through the anemometer, which

relationship between t

e, and SO, the results were Pro

erformed as showed in figure (4 10).

jith known Vv
pave the way to

hese measured data will

oltage, and the
alibrate the devic cessed by (Matlab Software) and the

inearization was P



Figure (4.10): Calibration Data Curve

Matlab code:

>>v=[0.061 0.072 .43 .825 1.66 2.14 2.29 2 41 2.51 2.62];
>>s=[1.52.2234566.36.7717.1];

>> p=polyfit(v,s,1)

The linear eqn. becomes :

Speed=[1.9661* volt + 1.9294]  (m/s)
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44 3.2 gmplementing a Water (-‘i"(‘ululiun Contrgl Syst
e ‘ System

The implemented contrg) system g l
' 8 usec

'-,ncli“""'li'y and the integrity of ()¢ control sysiem 4
1 . [
<. the control devices used he
1COCSDs

o give an idea about the
nd its effect on the absorption

re are cony )
actors, relays, switches and some other
components

1433 Measuring the Density

Other experiments have been done in order to measure the density of the

polluting gas, and these experiments were made with assumptions same as the flow

rate measurement assumptions.

The experiments were made with assumptions, to simplify the measuring
process, such as the measurements were taken under the standard conditions of 1
atm. Pressure, and room temperature, and so the average flow rate of the outlet gas
fom the oven which is at the nozzle is approximately 0.0078 m?/s, and the outlet

low rate to the atmosphere is 0.0525 m’/s, see appendix [E].
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434 Analyzing Water Sampleg

gpectrophotometer shown ip
‘ ‘ Wi figure (4.9) is a device used for analyzing water
H . « / ¢
wle d in the absorn(i
camf : o ﬂb*orpuon process at the factory, and this device
ows the percentage of suspended particles in walte

) r comp

s, which was use

sl .
. . ) ared with fresh water, not
(he type of them. Thus it can give an impression

about the water stat hether is i
. Frest é atus whether 1s 1t
useful of not sh water was used as a reference to compare the sampl Gh b
F ¢s with, the

fest 1S mainly checks the availability of light passing through the water i
er specimen

Figure (4.11): Spectrophotometer device.
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water samples were

taken daily fiy One week

y to the tollowing, table

petlod nnd all were nonnly zed,

acc0! diny
Table (4.5): Sehedule of Water Sumplon
NO Date No. ol open Oveny Time Notes
M | AM
I 2-0/3/09 | 7:00 Start
» 20/3/09 ) T
3 303 l 7:00
4 303 2 4:00
I LI R 7:00
e | 3B 2 4:00
o (T N - e 7:00
s | L4 ‘Niee 2 4:00
T | 2/ =2 B 7:00
10 | 24 e es K 4:00
T 4/4 . No Work
12 4/4 -
l . e
13 5/4 198 | 700
b}' 5/4 L 400
15 6/4 b S —— e ] 7100
J 16 6/4 2 4:00

|
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Figure (4.12): Curves Shows Analyzing Results at the 3¢ o

; , and 14" days
respectively.

The x-axis of the coordinate represents the wave length A (nanometer), which
is a characteristic of a material which is here the absorbed gas, the y-axis represents

the concentration of the gas in the contaminated water.

It is noticed from the figures that there is a growth in the peaks whenever
the water is reused several times, and so, the contaminants are increasing
proportionally with number of water usage, and the water is saturated after day five,

and no other gases can be dissolved in the water due to the solubility limits.

And this is the main reason of the stripping process noticed at the waterfall
scrubber in Jealnco, when water duration cycle was about 32 days, consequently, the
factory was advised to change the water every weak at least, and so the result of that
was illustrated in the table (4.4). and for more details, see appendix[F].

70



ore results can be notice
d'by the obseryer eye since chan f the wat
l ges of the water

color appcars clearly as shown in the f0|lowing fi
1gure.

Figure (4.13): Color Changes of Water Samples.
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Chapter Five

Design and Building of Packed Tower

{ General Review of Packed Tower
510

packed tower is a well known absorption system that is used for controlling

gir pollutioR Jrow el Hn.is bull according to the counter-flow principle; thus
the i 1 - - .
s stream travels upward meeting the water which flow downward in its way, this
gase
) hown in the figure below. In addition the main components of packed tower are
is §

; 12
chown in this figure 12

ocutlet air

& distributor
B packing (structural)

pacling support

Figure 5.1: Packed tower components and flow rate directions.
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oked tower can handle g
P.uk' . ‘. € Strong flow fluctuations, ideal for tackling
cncy situations, and provides high efficiencies with

cmel a well structured packing,

ing t o )
g the cfficiency of the existed pollutant removal
min Eagleflex factory, or that system m

«« considered for improv

ay be replaced with packed tower.

, Final Design of the Packed Tower

n
<

packed tower design depends mainly on the inlet concentration of a given
polhltﬁm and the molar flow rate of gas stream. The type of tower material that is to
he used for implementation is Acrylic pipe, as it resists both the corrosion and
erosion, can't be broken easily, and fulfills scientific purposes. In addition the type of

packing material has to be chosen, the main packing material types and some

information about them ase mentioned in appendix [I].

Ammonia gas is considered as the base of the design in this project because:

o lts c‘oncentration is the highest, see appendix [D].

e Itis the main gas that causes the bad smell in the work site.

« VOC concentration was high also but it consists of different compounds,
while NH; is a single gas; thus it becomes easier to perform design

calculation considering it.
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Desipn calculations are (e

hecording 1o (he

Haplefl data that were obtained from
. . | \ .

ield visits 1o Eagleflex (ump""y

¢

(0 L i x Mtthe previous semester including the
ary modifications. The inle
eSSl

L pa

e . B8 Mow 1age was 0.05398 m'/wec and the
nconuﬂli““ of NHy was nearly 10 70,9 pPpm, ¢e

0

_ tamic Rasching ring, of 25mm size
| ‘-nn.\‘idc'c(l as a packing materigl althougly
18

‘ © used packing material is plastic
ching ring because of their lower cost and
Ras

7

< 2.1 Design Procedures !

Applying the mass balance principles at both points 1 & 2 shown in figure
(5.2) gives the output NHj concentration in gas and water, and the

gas and water
flow rate:

out
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promomass balange

oneEntration i gas (v,

{ [
‘.!'.'.r\“‘ /“.”’ |"I-

Vi YU\ / ().ln ' | )
(5.1)

o P00/ Q7000100 Ly an 10
T of ficiency assumed to he 0o,
) L= (Vow/Yin)
iy QICS that Yot = 7.08+ 10°
vow: Yo Vin/ (1= Vi)
Vo= 708107/ (1 =708+ 10%) == 7,084 10
Where:
y: Mole fraction of N3 in gus.
y:Mole Ratio of NH3 in gas.
n:Tower ef ficiency.

Then the molar gas flow rate will be ,

{using gas density=1.42Kg/m*which will be calculated later at equation (5.10)}
Gy= (Gas flow » Gas density)/molar mass (5.2)
Gn= ((0.05398) m¥/sec » (1.42) Kg/m’) / 17(g/mol)
Gy = 4,508 » 10” Kmol/sec

And Gs = G * (1 - Yin) (5.3)
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srtainty .another way 1o ¢
¢ Cetle
mor

o (4508 * 1()‘) . (] - 70“ - I() “) - 4'}0() & ]” 3 K"l’)l/.’icc
(s =

aleulate Yin.Y

ot

= )’i" * G”
en:In [ccd

So;

And

Then:

infeed = 7.08+107% 4,508 , 17 Kmol/sec = 3.19. 107 Kmol/sec
Removed = 1 * (in feed) (5.4)
Removed = 0.9 3,19 » 107 Kmol/sec = 2.871 » 107 Kmol/sec
Remaining = (1= n) *in feed (5.5)
Remaining = 0.1x3,19 % 10" Kmol/sec = 0,319+ 107 Kmol/sec

Gr =Gt - Temoved

(5.6)
4.508  10” Kmol/sec - 2.871 « 10" Kmol/sec
(n= 4
= 4.509 * 10° Kmol/sec
(5.7)
y» = NHj (remaining) /G,

; =7.08+10°
319 x 107)(Kmol /sec )/(4.509 * 10*)Kmol/sec
y2= (0.
Ya=y2/(1 - y2)

Y,=7.08 =10
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To find the value of X»* Henry low win be used :

e H Vin= x*H ) while His e

yim -
07614 (dimensionless)
)y =

1
I

nry constant for NH;

it = 7.08 * 10-5/0-7614 = 9.298 * 105
fhett

ind X *= x*f(1 —x*)

nich gives that X* = 9.299 x 10
W =

here G and L are the gas molar flow rqte and liquid flow rate respectively.

rhen: Slope = (Y=Y 1)/ (0 — X¥) (5.8)

= (7.08* 10°°-70.9 x 10%)/(0 - 9.299 10%) = 0.686

nd Slope = Lsmin / Gs min (5.9)

Then: Ls = 0.686 * 4.509 x 10 (Kmol/sec) = 3.09 + 10* Kmol/sec

Assuming that Lt operating =

1.5 Ls min, and this is acommonused factor.
Then:

L= 1.5%3.09 * 1073 (kmol/sec) = 4.63 x 10'3 Kmol/sec
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. meﬂlm—ﬂumm_mmm

Jthad been chosen that ¢ operating = 0.5 ¢

[looding
To get G flooding:
p=12atm =12+101 = 121.2 KPa
Water density pl = 997 Kg /m?
Assuming ideal gas:
Gas density (pgas) = P  molar mass / (T R) ' (5.10)

Where R is the gas constant which equals to 8.314 [Kpa « m*/mol = K]

pGas = (121.2 [Kpa] + 29[Kg/Kmol])/(8.314[Kpa * m*/mol » K] » 296[K])

Then: pGas = 1.42 Kg/m’

After finishing the design calculations oof the gas inlet and water outlet , then the wate:
(out flow rate) will be:

L11=L12+NH; (removed)

LT1 = 4.63 * 10'3("l°’) + 2,871 % 10-7(Kmol /sec)

sec

= 4,64 » 10~ Kmol/sec

mwH,0 = 18g/mol
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— mw* L
Act

L= L' = 18(Kg/Kmol) x 4,64 ,

Ac

3
10 (Kmol/sec) = 0.0835 Kg/sec

| Gas (outlet flow rate) will be:
And P
mw(air) = Oin* MWNH3) + ([1 - i)+ mw gas)

5
o(air) = (7:08 107+ 17(Kg/Kmol)) + ([1 - 7,08 + 10%] » 20(k g/

}"mal)) - 28.9Kg/Kmol

Teo= Gr¥mw(air)

o= G'= 4509+ 107 (""‘"‘) * 289 (—L) = 1303 Kg/sec

sec Kmol

Then :
1'/G'* (pg / (pL — pg))™’
= [0.0835(Kg/sec)/0.1301(Kg/sec)] * [1.42(Kg/m?)/(997(Kg/m®) —
1.42(Kg/m*)H1*° = 0.024
Then from the flooding curve in appendix [I], where 0.024 is the point
on X-axis, reading the value of Y-axis with the point 0.024in X-axis gives that:
(G* Cf +uL™ + J)/(pg * [ pL — pg] * gc) =034
For Rasching rings (25mm):

Cf =155,gc=1,] =1,uL = 1%10° N x sec/m’
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y

.xh('”:

P ]\’(]/SCC) ¥ [()()7 K 3
34 1.42 (K¢ (Kg/m?y —
(0 ) 1-42(1{9/1713] ) /(165 % 1+ (107"

A\' ’ _\‘l"./"r)]

\
, 18(Kg/sec vm’) = Gflooding
6 pperating = 0.5 G’ flooding

Al

rh-na'ope"““'"g = 05%2.48 =1243(Kg/sec « m?)

Gn(Kg/sec) = G' x Area
(5.11a)

yrea = GT* molar mass/G'
.\[7:1

L~

—_— -3 |
Area = (4508 x 107(Kmol/sec) « 28.9(Kg/Kmol) /1.243(K g/sec » m?)
= 0.1048 m2

A =n(D/2)? |
Then: D¢ = (4% A/m)"°
Dc = (4 * 0.1048(m?)/3.14)"S

Then the tower diameter will be D = 36.54cm
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o Estimationof packing height (7¢

stimation o .
) £ f number of gas phase mass transfer unit (Nog)
: 06

by using Henry's constantfor NI H = (0.7614)

Since the gas concentration is diluted, the following case of Nog

is acceptable (call it Eq.12):

Vog = (Yin—Yout) [([Yin-Y xin] -[Yout -Y * out]) *In ([Yin—VY *
n]/[Yout — Y = out])

Thus: Y'in = H*Xout (5.12.a)
Y'in = 0.7614 x 9.229 x 107 = 7.08 x 10°
Y out = H*Xin (5.12.b)
y'out = 0.7614% 0 =0

Nog= [(70.9 * 10 —7.08 * 10%)/([70.9 * 10° ~7.08 + 10%)-[7.08*10°
—0]) * In([70.9 x 10°~7.08 + 107%]/(7.08 * 10°-0])]

Then: NOG =2.2 (dimensionless)

2) Estimation of the height of gas phase mass transfer unit (Hoc).

Hoo = G /[Ky.a*(1=)*m] (5.13)
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. Atthe butome ofthe towey

(e Gn/Area
e oAn Aege X
(= 4508+ 10 ("""’U“"‘-‘)/U.](Mllm’ = 0,043 Kol /m’s noe

Molar mass (mw) of gas assuming the yegt of gases v alr
= 289 Kg/Kmol

them
¢ =G~ (mw) air (5.14)
¢ = 0.043(kmol/ms sec) » 28.9(Kg/Kmol)
= 1.24 Kg/m*« sec
md:L'= LT1* (mw)water /Area (5.15)
L' = 4.64 % 10°(Kmol/sec) x 18(Kg/Kmol)/ 0.1048m?
= 0.797 Kg/m*x sec
Then:ky.a = 0.059 x G"*"x L% (5.16)
ky.a = 0.059 x (1.24Kg /m® sec)*™ (0.797K g /m*+ sec)*®
= 0.065
And: kx.a =0.152 * 1'% (5.17)

kx.a = 0.152 * (0.797Kg/m> sec)"™?
= 0.126 Kg/m?* sec

Then the slope at point (6.42 ¥10°, 7.08 » 10); m= 99
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4

SRS (1/ky.a) 4 (m/kx,a
het” s ) (4,1H4)
1/,‘.",‘ a ™ ( I/".()(’!;) | (l)‘l)/”.'v)‘ﬁ)

'\".'u 2 ().(H 064 ’\'H/.‘.'m,' ..,"‘9

V(2) appendix (11 (1« y+
”(,,nmh" (2) ”’ l l'l E N Y )ow at point (642 410,708 « 10*)
(0006, then by applying (Kq 5,13);

YA PRI
o = 0043KG/m7e s0¢)/ (001064 (K /e » m’) + 0,996)
= 4.()5(‘

o Atthetopof the tower:
0 = (;.I.I/Arca
G = 4509« 10? (Kmol/sec)/0.1048m?

= 0,043 Kmol/m* sec

1

Then recalling equations (5.14,5.15,5.16, and 5.17) glves that:
G' = 28.9(Kg/Kmol) » 0.043(Kmol/m® sec)
= 1.247 Kg/m*s sec

Md: I = 4.63 » 10 (Kmol/sec) » 18(Kg/Kmol)/0.1048m?

1l

0.795 K g/m*+ sec

Md:ky.a = 0.059 « (1.247 Kg/mzw sec)0'7m (0.7951(g/m2* sec)"?

il

0.0648 Kg/sec » m?

Md: kx.a = 0,152 « (0.795K g /msec)"™
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—~ 0.1259 Kg/sec » 12

,\-,-mi“”"y the slope at point 0,7.08 + 10
At ‘

. 'llh’y.(l = (1/ky.a) +(m/kx_a)
rhem:

Jism=9g

/Kv.a ( g/ m N ' ‘?( »

Ky.a = 0.01072 Kmol/sec « m?

le (2) in appendix [I] (1 — y*,
table ( Y =y*ym at point (0,708 » 10%)

from
= 0.99 and by applying (Eq 5.13 again);

Hog2 = 0.043(Kg/m?*« sec)/(0.01072 (Kmol/sec » m?) * 0.99)

= 4.051

nd: Hoc @ = (Hoa1+Hoc2)/2

Hog ave) = (4.056 + 4.051) /2

Then: Hog=4.01

—_——

And now the tower height is;

Zt =HOG*NOG
Zt = 4.01%2.2
Zt =8.1m

By approximation Zt = 8m
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power = AP = gas flow rqte
AP from appendix |
v 16"+ (pg | (PL = pg)™* = 0,024
A
G cf* nL™ =)/ (pg » [PL - pg] « gc) =0.34,Now it is used that
G+ Cf * L' *))/Cpg + [ pL - PGl * gc) = (0.5) that for flouding
_ 0.34/4 =0.085
e AP from appendix I at point (0.024,0.085)
AP =100 Pa/m
then OPT= AP » Zt
APr= 100(Pa/m) x 2.2 m‘ = 220 Pa

then Q =(Gm *R*T)/P

0 = (4.508 x 10° (Kmol/sec) * 296[K] * (8.314[Kpa * m?/mol *
K]/ 121.2 [Kpa)) N

Q = 0.09153 m®/sec

220 (Pa) * 0.09153 (m’/sec)

Now  Power
= 20.137 watt
If overall ef ficiency of fan and motor is approximately = 55%

Then Power = 20.137 (watt) /0.55 =36.6watt
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) pesign Results and Concluglong
¢

It is found that the pollutant removy| process occurs at a region of the tower
. ' - : ° ,
ot 1S 37em diameter and 8m height, by j needs additional p

arts to be combined
Ay in order to form a complete
with

towe -

' er, thus the designed tower has reached a height
, ind this is not aceeptable fo .

8 med 1 r packed towers to be implemented at the

piversitys 0 the solution was to build packed tower with just 4m height, and this
pase 18 acceptable for a various concentration; because the calculations of the design

mntrollcd by the concentration of the inlet gas which is 100 low (70.9 ppm).

It was also found that the input gas concentration, the efficiency, are the main

parameters for designing packed towers, adjusting any of them will appears as a
result of tower height.

If the efficiency of the implemented packed tower becomes high then it will

be quite enough to serve the factory, thus if both the waterfall and the packed tower
are combined together, the efficiency will be duplex.

If the concentration of the inlet gas becomes high then the height of the

packed column will decrease and become more comfortable and acceptable.
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Ivmrli(‘nl Building of Packed Toyyg,
¢

«ion results have s \
Design 1€ howed that Packed bed of d0em dinmeter and 2m

. aeeful for 20% removal elMiciene y
h(.igm is USe ”“W"w a8 described in the previous section. In

ition Rasching rings must be installed in (his zone whe
adt '

jer 10 increase the contact area betwee
0“

re the process occurs in
nthe gas and the water.

\ were v e d .
Two models were made at the beginning, in order to make the building of the

rower casier, and these models are shown at (he following pictures:

Figure(5.6): The Models of the packed tower.
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The theoretical design depends o, the Ceramic rasching rings, but according
una\'ail“b“ity of them, and thejr high cost (1m? costs ne
Vthe

K

arly $500), they were
. by plastic rasching rings, which are cheaper and ava
wlacet o
wf

ilable locally.

The implemented packed tower as whole reached a height of 4m since

d'tional parts were installed and combined, and so it consists of three main parts:
dar i i .
’ operl part, the middle part, and the lower part, and are described in the following
the U

yhsections-
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v

3l

i e

o Par
|,|.|“,||ppn Part

his part of tower is in the shane wf

[ | ‘ ¢ shape of cone and i made of steel as sl [

e ies connected with the migqie part L slect as Sowhl
)y

ing main parts: flanges and contains the

Gas outlet: the cle .

. an gas stream flows upward and releases fi I

cone opening at the top of the tower es from the
b

or inlet; is i .
e Walc is a thin cylinder that the water source pipe is connected

with in order to supply water into the tower.

o Distributer: distributes the washing water to cover a maximum
sectional area of the tower in order to guarantee that maximut:n o::mss
parts to be washed. gas

o Flange: it plays a role of connecting the tower parts together, it has eight
holes, four of them are connected directly with the lower flange using

screws, and the others are used to connect the support bars between the
upper and the lower parts.
¥ [Pt

!;; wy plane
!Hy/ plang

¥
!:'4 2x plany

» 35 PartBody

Figure 5.7: The Upper part of Tower (Cone).
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he Middlc Part
, The
Iz
- f tower is a holl .
his part © ollow Acr :
' full of packing mat ylic cylinder of 40cm diameter and 2m
’ ud“ and 18 erial; the Process occurs at this region of the tower

s flanges At both sides to be connected with the other tower parts. Figure (5.8)
jematic drawing of
(st ates @ 8 g of the implemented tower including the connection of

o  and the other parts; the middle part consists of the following:

. Acrylic hollow cylinder: is the outer body of the process region

. Flanges: two flanges at both sides to connect this part with the other
parts and are the same as described at the previous subsection.

o Packing material: plastic Rasching ring of (25%25*2 5)mm size to
increase the contact surface area between the gas and the water.

o Support: carries the packing material and is holed to allow the washing

water to pass downward into the lower part

-8 pot5 (Parth.1)

| i:

Fig 'EUY@ (5. 8) Schematlc Drawmg of the Tower Shows the Middle Part.
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),crﬂ”“"s within Building Prgeg
01
4

y operations were m

Man ade till the tower was built

and some of theses
ade by the team s nra ’
ade Dy of the project, by other operations were made in

ocal factorics:
(he

pdustria! Processes that have been made in the Building process:

| The Operations carried out on the iron sheets,
2_()pcrations carried out on the Support plate,
.. The Operations Carried Out on Flanges.

‘ _The Operations Carried Out on Plastic.

_Qther Operations

wn

54.1The Operations Carried out on the Iron sheets

A - Sourcing and bringing the sheets.

B - The Storytelling and Composition
" C-Welding

D - Grinding

E-Hole Center Determination

F- Galvanization
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rcing and bringing the sheeq
sot

ome at standard scales (i.e., 2
s b

Rt .
Shee s and cut by cutting tool.

mdl"d )

* .
Im), which have been brought from local

Figure (5.10): Iron sheets

B-Cu“i“g and Configuration (Bending)

The iron sheets have been cut and bent at the required dimensions, which
have made 1t difficult for the build to be performed directly; as the output data from
design calculations has been done previously, and not based on the normative

dandards in the market.

Cylinders with a diameter of 40cm and 25cm high were bent at the bending

machine to form three cylinders as in figure (5.11), these cylinders will be welded at

the flanges, the function of them is to install plastic sheet in it, which will be installed

within the cylinders.

An Tron sheet has been bended up to the diameter of 48 cm and a length of

0emto form a cylinder, which will welded with the dome, which is available in a
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Figure (5.15): Welding machine.

D-Grinding:

The process of grinding is performed by a grinding tool, the grinding process
3 sed for removal of unwanted material that is bad for the external appearance of
2= %er or has an impact on joining of the parts to each other, as in figure (5.16).
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Figure (5. 16a)

£ Hole Center Determination

rm.nin
BY dete .] g Ce.ntel‘ Of the hOIeS WhiCh Wi“ be used ill the jOi"i“g the
ﬂangeSt gethef, 1t was dlﬂi:ult to do that as the ﬂanges‘ dimenSiO b
0 ns was too lg

bout 60cm, as the local turning machine doesn't take more than 40 cm di
m diameter.
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after the manufac_tun'ng process has been done on the parts the

y . ation process had taken place, to prevent the corrosion process due to some
Losive contaminants, such as (HS), which appeared in the qualitative evaluation

e waterfall scrubber in chapter four.

In an electrochemical cell, chemical energy is converted into electrical

plished by using a spontaneous chemical reaction to generate

ergy- This is accom
iric current, which we can simply define here as electrons traveling though a

an elec
wire.
| cell two half-reactions will be set up in

To create the electrochemica

ners. In one, an oxidation reaction will be used to generate a source of

different contai
electrons. These free €

tainer and will cause the

lectrons will travel, through an external circuit, to the second

reduction reaction to occur. The final requirement for

con
be a salt bridge that will permit i

our complete electrochemical cell will ons to flow
ctrically neutral solutions.

petween the two half-cells, thus maintaining ele

\-i‘;_'..

il e

il‘fﬂ”J} ﬂ"s'f.';‘/:

| 0 :J_ 7_!] f

t"\ui = l“L' o

Ay = |
Z!‘(S)-’Zn"(aq)ne' Cu (aq)+2e-oc.u(s)
Anode  owidation Cathode  reduction

Figure (5.16b)
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42 operations Carried Out Oy g),, Support syst
v System

{here Are three Sections of the suppont of

\ - A billar of Internal Packing Material

Pillar was brou : S
The ught with a thick iron sheet and was cut in a circular shape,

and then several holes have been piercing on it distributed in full sh

ape by milling
machine, then the removal of unwanted materia] was by filings operation , at the
University workshop.

Figure (5.17): Support Drilling Figure (5.18): Finished support

B - Bars of the Tower.

Which were brought of 16 mm diameter columns, and 210 cm height, and
were threaded on both sides by the turning machine, the function of them it is to

carry the static load of the column (to make the columns bear the entire pregnancy).
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Figure (5.19): 3y of the load support

¢ - The Support of the Tower:

Manufacturing of the pillar to carry the tower has been made

ay the corresponding
figure, and after that the painting process takes pl

ace,

Figure (5.20) : Tower Support.
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43-The Operations Carried Oy on Flay
Ll Bes

r flanges with 0.5 em thice
Fou £ em thick for the upper flanges and 1.5 ¢m for the lower

nd the following operati o
fange®:® Perations were carrieg out
A - Cutting

g - make the flanges straight

.
.

= Installation(fixing).
D= perforating

E - Grinding

F - Welding

A - Cutting:
Flanges been cut in a circular motion over diameter of 60 cm by a special
cutting machine, furthermore, three inner diameter of flanges were cut 38cm, and the

other was 47cm to fit with the standard cylinder and dome, which was stated before.

B - Make the Flanges Straight:
Flanges have been made straight as a curvature of the outer structure

appeared after the cutting operation.

C- Installation:
Four flanges have been place on top of each other and then were to be

installed together for drilling process, to drill a holes in all pieces for identical

dimensions, in order to install the columns for supporting the tower.
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Figure (5.21): making the flanges fixed

D.Dﬂ.“ing:
Eight holes were made after determining the places of each hole in the flange
ihe four flanges were welded together), four holes for the screws and the others are

for columns.

Figure (5.22) : Flanges drilling.
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fnding

T (i
[anpen have hee

N prinded
' or Je ,
Moval of the unwanted materials by the

pranives the prinding process may b danger oy i

allt CTous it the fine particles wed
’””““"H wore inhaled particles produced from
(he B

Figure (5.23) : Grinding operation.

I - Welding,
The four Flanges were welded, each one with the peace (cylinder) allocated to it by

CO, welding,.
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44 The Operations Carried out oy Plastic sheets

Bring OfYers Available:
\- £

pringing the Orders prices of plastic sheets ang a transp

| . arent plastic cylinder, but it
Las ot available in the local market, and |,
Wl

as not been possible to manufacture it
1‘\;‘;\".\"

Transparent offer is available only at the supply company (Shakov Plast) in

+Tel Aviv" and the cost of the offer was $ 1000 for cach transparent cylinder of 40

«m diameter and 2m height, and thickness of 4 mm, so it has been, and to begin the

«osting of plastics available in the local market,

B- Making Experiments and Tests

The lack of clear transparent plastic cylinder has encouraged the team for
thinking of a new methods of bringing the desired transparent plastic cylinder with
the same specifications (40 cm diameter , length 2 m) as in figure(1), but in the form

of two separated sheet , experiments were done with the use of different ways to

form a cylinder, and these tests:

1 - The experience of exposing plastic sheets in oven for hot air for an hour,

but it did not succeed, due fragmentation of Plastics.

2 - Another experiment to bend plastic manually and install it with the
aluminum as in fi gure(2) , but this way also did not succeed, because of plate
thickness of 4 mm, it was too difficult to bend it by hand, if this method had applied
(bended it by hands) this led to the rupture and broken plastic.
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. The experience of expoe! .
3- 1 ' XPosing plastics to heat, this method successfully

astic broken, but . .
astic the absence of considerable (big) heat machine for the
XPOSINg part and then part to he

W thout o

qhof  2m, has been e _
|en® at and bend immediately

Jfler exposure to heat, but the output shape is not the shape of accurate cylinder.

Fig(5.24a) Fig(5.24.b)
C - The Selection of the Appropriate Type:

The lack of success on the test panels of the thickness of 4 mm, it was
inspired to bring the 2-mm thick plastic panels and are bended manually and installed

with special screws without the need for heat or hot air, this method was successful.

{148

AL

Fig(5.25)
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. other Operations and Acct‘ssorics

velding of moffa of 3 "y;
a-The ! ® diameter at the water exit as in figure(2),and a

pble of 4" diameter at the entrance of the 8as as in figure(1)

Fig(5.26a)

Fig(5.26.b)

B - The screws were 16 mm in diameter, to install flanges together by them.

C- Joining the distributors of water with T-pipes and other special parts.
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5 Casket was brought and place

d at the link between F

: lange :
B rough it anges to prevent leakage of
| 'O

Fig(5.28)

E- Kalkal were brought and placed between the plastic and iron sheets cylinders

when joined together in order to prevent the leakage of gas or water

Fig(5.29)

F- NH, Cylinder

It will be used instead of the pollutant gases that exhausted from the factory.
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o1 The Final Picces before Fing) g
uilding
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55.2 Actuators Used in the Projecq

The actuators were bro

ught ‘
.on_and so, the fan and 8 according to th "
desigh, 5 and the pump wer € power calculations in the column

and 110 L/s , respectively. ¢ available locally, with flow rate 111 L/s

Fig(5.30): Fan

Fig(5.31) : Pump
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hapter Six

Img lementation Of

C ontrol and

Monitoring SX\ 'étem

Introduction.

Required Sensors for Control and Monitoring System.
Control and Monitoring Processes.

Implementation of Control and Monitoring System.
Control and Monitoring system in Eagleflex Company.
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Chapter Siy

Implementation of Contro| and Monitoring System

0.1 Inlroductinn

This chapter discusses the control and monitoring system in this project. The

qain aim of this chapter is to show the way of thinking for building the control and

monitoring system.

As the data collected from the factory by measuring the concentration of
pollutants using measurement devices for gases; the results showed that the problem
n the factory comes mainly from three gases which are NH;, HCN, and VOCs and

then the control and monitoring system will be based on them.

6.2 Required Sensors for Control and Monitoring System [14.131

Design of packed tower is based on NHj gas as explained in chapter five, so
its concentration has to be measured at the entrance and the outlet of the tower to
find out the system efficiency, and to compare it with the assumed efficiency. NHj

£4s concentration has to be detected using NHj gas sensors put at both sides of the

tower, [sce Appendix J].
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[he sensing process of g Sensor depe
nuu”-‘““"“"” company of the
:lu‘ ensing Process, which is that (he Se
st e faken at, the reading is voltage

pecame in the form of conce
W

vide asheets, this is g in
(e IO ided dat this 1s shown in figure (6.1),

physical Sensor
shenomena >

Voltage
output

nds on the type of sensor and the
SEnsor. almogt gl sensors have the same strategy in
nsor would be at the place that the reading
output and needs a calibration process 10

ntratios ' i '
" Outputin part per million (ppm) according to

S

N\

process

Calibration

Gas \
concentration

Figure 6.1: schematic flow diagram shows the sensing process.
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“on
“’_‘ (

jescriptions of the implemented contro|
des

o ON\OFF control system has been implemented

as m

(rol and Monitoring Processes

his section discusses the mai
This es the main control and monitoring approaches and

and monitoring system for this project. It is

, and was preferred to be simple

uch as can be done.

63.1 Control and Monitoring Approaches

There are many ways to control a system whatever its components, it mainly

depends o the status of the input, the process, and the output, and can be achieved
using one of the following:

1) PC computer and DAQ (data acquisition):

2)

This way is very complicated and advanced for using in this problem, since

as said it is just on/off control.

PLC (Programmable Logic Controller):
This way is much easier than the previous one, cheaper, has the ability to deal
with analog and digital form of signals. But in the other hand there is a

limitation for using PLC so it can't be used widely as the first one.

Microcontroller:

This method is the suggested one to be used in the control an monitoring
system that would be built in the next semester. It is chosen for many reasons;
first of all it is the cost since it is very cheep, available and very accurate.

Other reasons is that the PIC18F4550 series (the controller type that was
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ed) has gotten a good f,
used) e aceepting analog input such that it has an

log input pins, that { S
ana g . put p o‘ Say 1t is not needed to convert the sensor reading
into digital form to be an inpyy for the microcony 11
oller,

6 12 Dcscription of COHtI‘Ol and Monitoring PrOCCSS

The suggested sensor to be used in the design of control system is NH3
«ensor; the control and monitoring system block diagram is shown in the following

figure. Each block has tacitly included components and is illustrated in the following

points, assuming the NH; sensor is available although it was replaced by

potentiometer in order to apply the idea of taking readings, display the results, and
the sequence of operation under control and monitoring system.

Reference valus
(Allowable limit of NH;)

I.D‘pllt W:cracontrotiar
s

Driving Aztugters Plant
N —
Cirzuit

v

Sensor

Figure 6.2: block diagram shows control system components.
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1) Inputs include the following;

Allowable limit of NH, pag i the atmosph
cre.

user input which i
”([)'};:CF p ich is an ON\OFF switch turns the system cither ON or

The NH3 sensors readings at both sjges of the tower

2) Microcontroller: PIC18F4550 of 40 pins

3) Driving circuits include the following;

Four 12V relays for each output.

Four optocouplers (4n25) switch between the microcontroller and the

relays, since the microcontroller provides 5V output, and 12V input is
required to operate the relays.

Two contactors to operate the pump and the fan, the enable signals for
each one come from relays.

4) Actuators are:
Water pump.
Fan.

Electrical valves.
5) The Plant is the packed tower as whole.

6) Outputs include:
Pump is ON\OFF.

Fan is ON\OFF.

Electrical valves ON\OFF.

LCD screen displays the concentration of NHj at the inlet and outlet.
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7) NHj gas sensors at e

a8 —
BAs entrance and the £as outlet of the tower, to

make a comparison betwee

n both concentrati :
. entrations ain the
system efficiency, ‘ and to obtain

.4 puilding of Control and Monitoring System

The control and monitoring system method and components (hardware) are

siscussed at the previous section, in this section the processes sequence and the
omponents connection will be discussed briefly.

6.4.1 Processes Sequence of Operation

Figure (6.3) illustrates the system operation flow chart; the sequence of

operation is also highlighted in the following main points:

¢ The dominant input signal is a switch that can be tumed ON and OFF
manually by the user.

o If the switch turned ON, the pump starts working.

s After a delay of 10 seconds the fan goes ON also; this delay allows the
water to flow through the tower before entering the gas stream, which

guarantees washing the gas at the beginning of the process since the gas

flow rate is higher the water flow rate.
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o —

lines, 16 characters each.

allowabl .
T}.]e troll e ;-alue °f NH, in (Ppm) is installed within the
icrocontrotier chip program, and it is alsg programmed to compare the

output reading with the input one, Thys if the output signal is greater than

m

the input signal, water make-up System works to replace the washing

water with fresh water, if elge then the absorption process works properly.

If water make-up system starts working, the fan is tumed OFF until the

water is replaced, after that they starts working again automatically.

Whenever the switch is tumned OFF, the whole system components go
OFF.

Switchis ON by the user

¥ Input sensor
takes reagings

N

Outpwt

v

Pumpgoes ON

reading >
input
reging

Ouzput sensor
takes reagings

y

Yc; No

Y

Water make- |«

10 z sronds up pfocess
cgelay ‘L

K LCD

§

Fangos: ON

Figure (6.3): Illustration of Processes Flow Chart.
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Figure (6.4): Control and Monitoring System Hardware Connection Circuit.
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ntrol and Monitoring sy,
¢ Contrt YEMin Englenex ¢
) ex Company

el Control System in Eaglefiey Company

In Eagleflex factory all the industrial processes are based on PLC control

qstem. when the temperature of the oven 185 " afyer 19 hours of baking process, the
soils switched off and a valve is opened but the fan stills working. After 24 hours the
packing process Will be finished, the worker opens the oven gate slightly; the seven
aages of baking process are programmed on the PLC control system of the oven.

6.5.2 Monitoring System in Eagleflex Company

Also there is a conditioning system to guarantee that the temperature within
23 and 25 degrees Celsius, that’s because materials used in the industrial process

must be kept and used within this range of temperature summer or winter.
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-oposed Contro)
5.3 Propose and M -
0.5 onltoring System for Engloflex Company

The project team proposes

. i control system for the factory; this system will
pase O using Sensors in the

factory for the polluted gases which will be distributed

. the work site in some arranpement « , ‘
in the 1gement such that the process can be casily monitored
and controlled.

For controlling the process in the factory there is a thinking of using sensors

close to the nozzle in order to measure the gases concentrations, since there is an idea
of closing the nozzle and using a plastic pipes instead of the existed tin pipe line,
pecause of an important feature of gases which is the diffusion, this problem can
cause a really serious problem effect the workers at the factory, because of the bad
health effect of the produced gases of baking process. So that sensors can be

connected to an alarm in order to monitor if there is diffusion of the gases.

Another control system can be suggested for the factory related to the water

used in the gas treatment method there, and it is known that water can dissolve gases
in it for a limit, and after this the reveres thing wpu?d happen such that the gas will
take things from the water, thus to prevent this a scnsor\at-thc outlet of gas from the
water full take readings in order to monitor the concentration of the gas ( let it for
example NHj gas ) , if the concentration is increasing comparing with the inlet that’s
mean that there is a problem and the water must be changed so a clean water must be
interred to the scrubber by opening an electrical valve and through that another

valve must open to get rid of the dirty water.
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C hapter Seven

Concluding Remarks
Recommendations and
Future Work

¢ Concluding Remarks
* Recommendations

* Suggested Future Work

122



Chapter Seven

Concluding Rcmarks, Rccommcndations and Future Work

In this chapter, the main concluding remarks of building packed tower, and

nplementing control and monitoring System are previewed together. with suggested
uture WOrK.

7.1 Concluding Remarks

The followings are the main concluding remarks:

o The baking of cut-off wheels results in main air pollution problem, and

causes various environmental impacts due to the toxicity of the exhausted

gases from the baking process.

» The exhausted gases from the baking of the cut-off wheels are identified to
include at least VOC, HCN and NHj. Their levels in the exhausted gases

(referred to the allowable standard).

* The existing treatment process in the Eagleflex company seems to be useful
in treating some of pollutant gases with low efficiency, that decreases with

time; due to water saturation with pollutants.
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spectro ter devies o b o .
o spectrophotometer device analysis indicated that pollutant content in water

increases with time until approaching full saturation, and thus no further

removal of gases,

There is a need for installing an engineered absorption process; such as

packed tower, for efficient gas treatment process.

* A practical packed tower is built, and is shown to be a practical method for

treating the pollution problem.

7.2 Recommendations

For the improvement of the treating process in Eagleflex company, it is

recommended that:

o Water duration cycle to be reduced in the range of five to seven days, and
water replacement must be done with fresh water.
o It is recommended to Close the nozzle that collects the gases from the ovens,

in order to prevent gases from diffusion out side the nozzle to the working

environment.

o A monitoring system is recommended to be installed, so that it can release an
alarm to the workers when the concentrations of gases have exceeded the
allowable standards, and then operating a ventilation fan.

o The existing treatment process should be examined every period of time to

make sure that no corrosion happened, and no leakage of water from pipes.
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7.3 Suggested Future Work

The main project goals and activities have been achieved within the project

period. and a complete packed tower has been built. a logistic problems and

constraints were faced, thus in the following points a suggested and recommended
future works are mentioned:

It is recommended to perform detailed gas detection on real time
operation in the factory for obtaining actual removal efficiency with time.
Investigating a treatment method for the used water in the absorption
process before discharging into surrounding system.

Using the NHj gas cylinder instead of the exhausted gases from the oven,
for the educational purposes.

It is recommended to close the open nozzle in order to prevent the
diffusion of gases into working environment.

It is also recommended to use a more effective distributer in the built
packed tower.

Based on new data, other gases (other than NH3) may be considered for
packed tower design and for monitor/control system.

It is recommended to obtain and install the gas sensor for monitor/control

system.
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Table [2.1]

Appendix
(A)

Health Effect

Air Pollutant Sources Health Effect
- * combustion of sulfur High level
containing * impairment of
fossil fuels respiratory function
Sulfur dioxide * power plant * aggravate existing
(802) * marine vessel respiratory and cardiac
* motor vehicle illnesses
* increased morbidity and
mortality rates
Low level
* chronic respiratory
diseases
» power plant Long term exposure
* motor vehicle * lower resistance to
: » fuel combustion respiratory infections
Nitrogen Oxides
* space heating * lung development
(NOx) . .
impairment
* aggravate existing
chronic respiratory
diseases
Volatile Organic » building material » toxicological effects on
Compounds * cleaning agent the central nervous
(VOCs) * cosmetics, wax system, liver, kidney and

128




* carpe
pet blood

* furnishj irritati i
hing * eye irritation: burning,

* laser printer photocopier | dry, gritty; watery eyes

printing materials s throat irritation: dry

* adhesive, sealant throat

\/’/- * paint varnish and solvent | « respiratory problems

o hnp;//wwW.cleanair.hk/eng/appendix_f,pdf

The world Health Orge[xlr}ization has compiled the following international guidelines
for airborne pollutants ',

Pollutant Guideline Value|p g/m°) Averaging Time ‘l
Carbon Monoxide 100 000 15 minutes
60 000 30 minutes
e
30000 1 hour
—
10 000 8 hours |
J—
Lead 0.5 l year
Nitrogen Dioxide 200 1 hour
40 1 year
i Ozone 120 8 hours
Sulphur Dioxide 500 10 minutes
r ' 125 24 hours
50 1 year

(1] http://www.wunderground.com/heaIth/pollutionfaq.asp#intst
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Appendix
()

I'he Oven

. O\f Height(em) | Length(cm) Depth (cm) Inner |
No. Outer Inner Outer Inner Outer Inner V(zlu;:c

| m

— | 200 186 190 | 133 140 | 120 29
—5 | 242 186 185 135 154 133 3.4
—3 | 242 186 185 135 154 133 3.4
— | 242 186 185 135 154 133 3.4

ﬂﬁ{(’fl) : the outer and inner dimensions of the ovens

The Volume of Ovens
~ Oven NO. Internal Volume of Empty volume
volume(m3) | fibers(m3)
1 2.9885 0.988 2
2 3.402 0.59126 2.81074
3 2.9885 0.59126 2.39724
4 3.402 0.9238 2.4782
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Appendin

(©)
The Waterfall
l)imcnsion of Waterfall serubber
Uit ma '
LTI E' '
- II._Q’})~|3 "‘“ n

“'""]IT.'.'.'\
|

155 fean
Dow

F 1°0) ean ““4
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Appendix

(D)

Measuri
casuring pollutang 84as concentration and ch

)
Table of percentage of gases for nop working condition

[IME: 11:15 AM

arts

TEMP. 16 C°
PRESSURE: 1 atm
TRAIL
GA 1 2 3 4 5
CcO 0 0 0 0 0
H,S 0 0 0 0 0
0, 20.9 20.9 20.9 20.9 20.9
LEL _ 0 0 0 0 0
voC 1 1 1 1 1
NO, 0.2 0.1 0.1 0.1 0.1
NH; 0 0 1 1 2
50, 0 0 0.1 0.1 0.1
HCN 0 0 0 0 0
0, 0 0 0 0.01 0
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T Gas measurement —
P ] nent fy — _ o —
f" ()vcn](pp‘{(,,,m(;"ﬁ Gas measurement from
G || 23] 4| Ay ﬁ‘r'“‘zﬂ"’iﬁ(lnl’ﬂ!)@'ﬁl‘_’l 1
»ﬁ/ T3 (37 -T‘"T““-——-—l‘—- 5106 |7 | Ave
4{‘ 0 0 0 0 TTJ“L—S—- 4 4 A ._.4,...
0120, 120, 1200 [ ettt -0 | 0 [ 0 [ 0 |07
0: |9 9 | o | o [209]4) 2020120120, 20.|20. |,
o=t 49191919 9|9 |9 [*
oc |15 20 | 22 | 18 | 187 40
V/_’ 5 35137138 | 27|29 | 32 {325
0. 0.12 —
, 01101 o,
/1\’02/ 2 : 5 {01101 01 02010101 \0‘;‘
6 7 i 11
NH3 | 46 3 31721635 57 4 |02 ]72|53) 73|65 \ %
50, [ 0 g g 0 10 olo[olo 010
l@jﬂ%— S (0’ 0O 1o0lololololololo
[0y 1O O lojolololololo | 0|
'ﬁ;ir Gas measurement from ) Gas measurement from
| Oven2 door(ppm)@185C Waterfall [scrubber] (ppm)@16C°
Gas | 2 3 4 5 |Avg | 1 2 3 4 \ 5 \ 6 \Avg
—__ 13 [
co [55] 57|80 | 5 {133]924] 00|00 \0 \
Hs |0l 0] O0 0] 0 0O {olololololo \
19 [ 20. | 20. | 20. 20. | 20. | 20. | 20. 20. 20.
O |70 s |3 |3 [292]292] % 919 |9 |9 |9
L};L slalele]l 7154lolololololol o \
0
voc [ 40139 155172 | 315 1 aso {10 10|10 10| 10] 11 10.2\
418101 8 |
NO, Si 32114115] 09 |242]02(01101]01]01] 0 \'0.1\
NH, | 20] 20 | 201201\ 500 | 200 | 44 | 42 | 42 | 40 | 40 | 40 | 413
0l 0|00 i
S0, g 061071061 09 ]06]01]01]01]01]01]01] 0.1
HeN[10]1a |11 12| 10 (uajolojololofol o
0, lololololololo]ofO0OjoOo]0]O} O
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Trai
il Gas measurement from the outlet of
Gas —I\W%lcrfa“(ppm)@l 85C°
) 3 4 Av
O D O I -
Hogs 20 0 [0 : 012
LEL% %9 20T.9 2%9 2%-9 209 | 209
NO, 0 [ o1 101 0 04
Ses 11811162 | 143 | o8 1456
SO, [ 0202 [o01 [ o1 0.16
HCN 1 0 0 ot
Os 0 0 0 - 0 .
- Trail Gas measurement (ppm)
n-
0% WI;Iroking Olv :8 (330@ Nozzle Ol\g%@ Waterfall Outlet
cO 0 3 4 92.4 0 1
H>S 0 0 0 0 0 0.2
0, 20.9 20.9 20.9 20.2 20.9 20.9
LEL% 0 0 0 5.4 0 0
VOC ] 18.75 32.5 459 10.2 17.8
| NO; 0.12 0.125 | 0.114 2.42 0.1 0.4
NH; 0.8 63.5 70.85 200 41.3 145.6
S0, 0.06 0 0 0.6 0.1 0.16
HCN 0 0 0 11.4 0 0.2
03 0.002 0 0 0 0 0
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(2)

as mea . ,
1] R — ‘Mﬂrallon (ppm) from: The Oven.
Temperature: 15C°
</ - ﬁ Pressure: atm, Time:10:45 AM
] 2 3

. st e s | 9 |0 A
1 [ ¥ 70 69 72 73 63 65.7
WS [ O 0] o0 0 | o | o 0 0 0 0 0
1202|2022 0.1
| O 20. ‘ 021 202 | 201 20.1 20.1 20.1 20.1 20 23'
—]

LEL% | 6 7 7 6 7 7 7 8 7 8 7
voc | 422 |1 631 1 761 | 727 | 918 | 712 | 812 | 665 | 668 | 667 638'
' NO, | 24 | 21 | 18 1.6 1.7 1.5 1.3 1.1 1 2.3 1.68

NH; | 200 [ 200 | 200 | 200 | 200 | 200 200 200 200 200 200

50, 0.4 0.5 0.7 0.8 0.9 1.1 1.1 1.2 1.3 1.1 0.91

HCN 8 9 10 10 11 12 12 13 12 13 11
+f

0; 0 0 0 0 0 0 0 0 0 0 0
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P e e o

Gas mensure

maent Cnl\c.(:‘i-\.li'.l-lii

) on (ppmY from: nside the fnpal
mm”""""*!'«"--’-'5.'&5_!!1!!.‘_‘1'1‘_9!_’!*.‘,l!c v)mn':f:;':.lll.nm o
Icmtululm‘c: 15 ¢C° Pressure: ntm Time:10:68 M:'.1
Gos [T T et 10052
[ 2 T
[ S W—— _-,_:_‘,_ 4 S O 7 AV,
"o 0 2 B D
O L1203 20o0] o] o |
e | em—t———
LLEA I I A R B O 0
0; [ 20912091209 | 209 | 209 209 | 209 | 209
vOoC | 15 | 46 | 45 24 17 | 35 32 | 30.57
NO; 0 03 | 0.2 0 0 0 0 0.0714
f— 3
NH; | 59 | 66 | 67 | 50 | 57 | 70 | 73 |63.143
SO | 07 | 0.1 1 02 | 02 |02 02 | 02 | 0257
HCN ] 1 1 1 1 1 2 1.143
(o)) 0 0 0 0 0 0 0 0
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———

GRS Measurement e —
il |- "“—“'""“‘~—-:TT‘__‘_(‘m_k_\m“m'i“" (ppm) from: Outlet from waterfall.
‘ amperature: 23 (Y I
s l,‘l‘,“.‘(._(__*.__*___ Pressure: atm, Time:11:00 AM
W '"“ﬁ*—--....___1 —
2 3 ‘

L’ __'h > 0 7 8 0 10 | Ave
oL LYY et | T2 2 1 | 09
s 0 v . 0 0 0 0 0 0 0 0
o 0.9 | 20.9 20.9‘ 209 | 2009 20.9 20.9 20.9 20.9 20.9 20.9
K AU I 2 O O 0 0o | 0
) 1
e | BB 2 2 |22 s 16 17 19 21 | 200
- //.—r
Ww. | 031027102102 o1 | 06 | 07| 06 | 04 | 03 [036
A’/'—(

WH: | 67 | 68 | 68 | 67 | 69 | 62 | 66 | 70 | 76 | 79 | 692
sl B
. [ 02021021 02|02 0210203 ]| 03 | 03 |023
'/"—7
yon |1 1 1 1 1 2 2 2 2 2 1.5
Jiashlll
0. 0 0 0 0 0 0 0 0 0 0 0
L
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Trail _ main |ocmir;?:]:::;;']‘fm"f“i(m (Ppm) from the three
The water eyl i from é!fnf'ig‘r’]‘:l‘::fﬂlll and outlet,
Gas Y dueto 10™-Fabuary
\
The Oven The Nozzle The Outlet [:‘)i;:f;l;/lt:: )t(hoﬁ,
/-—C—(—)f 65 7"‘\1~\.\ Nozzle & outlet
L — | 09 10%
o [
OZ 20.13 209 209 O**
p—— \'\
LEL% 7 0 0 *
VvOC 698.3 30.57 20.0 34.57%
\
NO; 1.68 0.07143 0.36 403.99% ***
NH; 200 63.143 69.2 9.50% *»+
SO, 0.91 0.257 0.23 10.5%
HCN 11 1.143 1.5 31.23% **=*
0; 0 0 0 *

* :Not measured at either in the inlet or outlet of the waterfall.

** :No reduction as the percentage in fresh air is normal.

***: Means that the percentage of gas has increased not reduced, and this is related
to the large duration cycle of the used water in the cleaning process.
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(3)

ot from the Oven: Concentration of £38 (ppm) vs, Time (*10'5)
i o s

Hstppm) o gor o | ——
colppm) | HS(ppm) :
I e S HCN (ppm)
P I ;‘ - -
X X S———— "
Y P [._;_.,--c,,_..___* o
Mt — § 1t
0 —— ‘ [
(< | e
0 p—e ¢
o4 Li32 i
¢ terrrrr——— . l g
ror o7 1 or o7 g BR S R R PR LN R
B L

Lower NO, (ppm) NH; (ppm) $02 (ppm)
Exposure R — = 1
Y 13 i
Limit % l —
13 . 7
R g as 1/‘
; l Ty t cz l
k-mv'!’i ! 2 8 7 5 I 5§ 8 7 @ l":""”"":

! o l
| VOC (ppm) :

| e

i i

[ T

| .z 4 4 st LI
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gre for €88 concentration from the Nozzle,
,'.1_”.5 N -

~ /'—ﬂl — S ;
co | HS(ppm) a Oxygen 502 (ppm)
i e 20 c.1
R A ) & ) 7
}l 7,,_’»—— 28 . iy \
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4_— o
S | ez : el \
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Thes

» data charts are taken from the

outley
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Appendix

(E)

Flow and Density Measurements

(1)
o B W2 \Y
—mlet_| 127 1 016 | 20 | 42 1743 | 0.1026 | 0.0051 |
2 @inlet 175 | 016 | 1586 | 50 | 52 [ 0.1407 | 0.0089 |0.0078
amet | 179 } 016 | 15 | 49 | 51 | 0.1440 | 0.0096
j@outlet 132 | 016 | 2.01 | 42 | 43 | 0.1062 | 0.0528 |0.0525
s@outlet | 130 | 0.16 2 41 | 42 | 0108 | 0.0522

v=nr ¥ L

Q=vit

L Length of the cylindrical bag.

R: Radius of the cylindrical bag.

W1: Weight of the Nylon bag before filling.

W2: Weight of the Nylon bag after filling.

V: Volume of the bag.

Q: gas flow rate.

The average gas flow rate at the inlet is 0.007867 m’/s

The average gas flow rate at the oulet is 0.0525 m'/s
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Nylon Bag

()
P i
L Contour | Time | W1 W2 \" Q

Nylon P
,Ezgi (m) (m) (sec) | (gn) | (gn (m®) m'/s) | (gm’)
1

I@inlet | 1.76 0.75 8.59 19 40 0.07878 | 0.00917 266.5
S

2@inlet | 1.76 0.75 9 20 40 0.07878 | 0.00875 | 253.87

3@inlet | 1.76 0.75 6.9 1030 | 1052 | 0.07878 0.0114 279.25

Avg. 0.00977 | 266.54
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jent imME calculations:
~ sl L
lt\i

| vol. displacement
AYUE

562 m?

[(FY]

405t 12=2,

. .0.0075>s=314.16 sec  One oven
AT

001525 157.08 sec Two Ovens

\
v ~0.0225 2s=104.72 sec Three Ovens
\.=003 >s=78.54 sec Four Ovens
0.5Cm
12m
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Appendix
(F)
\V:\ler Sample Tcs(

king the pol :
et racking the polluted water frop the water flow, which the gas has been cleaned

ith duration .
by- and with of 10 days of cleaning the results of the pollutant gases were as

fol Jow:

. . (these results were take - .
Note: (th 0 at energy and environment research unit -ppu-):

rhe PH scale of the p‘olluted water was 9.3, which indicates that the water has base

eﬁ.ﬁctr

gut for the clean water that was taken from the unit at the same temperature and
me device has a scale of PH=8.2

NO;: Solvent gas in the polluted water is very large; as it has been indicated as

1.1grl

50, : it has been indicated that the polluted water has got 450mg/l of S04 and the

nllowing procedure was followed in measuring its percentage:

3
1- 10 ml of fresh water mixed with 1 cm of polluted water.

% |
2- Then 10 drops of S04  has been added.

then one spoon of S04 has been added

Water samples analysis
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Gase

Gases Propertics

Appendly

(G)

S Propertie
perties ang Allowable cocentration

Gins M\S'C‘;ﬁ;“t"f (frifi'c}{l‘"’ Boiling point [ Gas density
Bn points (1,013 bar) (1.013 bar)
Dry air | 28.95 g/mol | 1)-140.5°C | -194.5 °C 1.202 kg/m’
2)37.71 bar
CO | 2801 gmol | 1)-1403°C | -191.6°C 4355 kgym’
2)34,987 bar
3) 301 kg/m’
NO; 46.05/mol 1)157.8°C 21.1 °C 3.4 kg/m’
2)101.32 bar
SO2 | 64.06 g/mol | 1)157.6°C -10.1 °C 3.049 kg/m’
2) 78.84 bar
H2S | 34.08 g/mol | 1)100°C -60.2 °C 1.93 kg/m’
2)89.37 bar
HCN | 27.03 g/mol - 26°C 0.94 kg/m’
NH3 | 17.03 g/mol | 1)132.4°C -33.5°C 0.86 kg/m’
2)112.8 bar
VOC |16.043g/mol | 1)-82.7°C | -161.6°C 1.819 kg/m’
(CH4)
2) 45.96 bar
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qolubility of gases in Water (%)

\} Solubility

Gas T\)‘
NH3 | 654904
m“m

s | o
03 | 064

_\ .

— 92 | 006
€O__| 004308 |
CH4 | 0.03865

- Cld_ | 0.03865

%‘RET;\CT\S

ot

L_HCN_ | Available |

(*)hup://encyclopedia.airlj uide.com/encyelo edia.as
Solubility Carves

Solubility of CO in Water

Solubility of H2S in Water
v.es

*1 ]
_ 0,043 1 l} )
£ !
Fobe N L ;
j=d § g
= 0,035 : :
2 { E

c.03 - £
: }\ -
4 2
S 0.02% 2
<
g2 o2 . i
3 |

0.01% . -

ETENE R ';a.,o-lmr‘l ‘ |
1
0ot + v

» o lO e 8 Viawr Temperaturw qoe g C)
Water Temperature (deg C)
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GEWBIYy (g G99 per vq wiler)

Solubility of Nis ia Wateq

Solubility of 02 in Water

|
L R S—

| | i
200 ¢— .
100 + : : { \

B 1
1 5 | TNgneenn g Wi eam

O ——— ' [ a8 Tl A 20 Y]
° " 20 0 “ 01-‘-— S DU [ .- S |

R e [ "o 3 & s e

Water Tempe
persture v G Water Temperature (deg C)

Solubility SO, in Water

8/ .

N

\

&

g
/

/

Solubllity (g gas por kg water)

engineenngloaibox com
1 1

L] 10 20 30 40
Water Temperature (deg C)

152



oy ! ' .~
Henry's Law Constang

‘NI '.\ ll.\\. C\'“\ ’L l“l‘ l“t(' l“d”"‘n““l("ll ‘ o « . ‘

. ant temperature) as
. !‘" . perature) ¢
where p is the pnrtial Pressure of (e « 1

is a constant with the dimensiong of :0 e
constant, known as the Henr b essure

15 the concentration of the solute and ky
Y's law conet;
the temperature, constant,

divided by concentration!" The
depends on the solute, the solvent and

some values for y for gases dissolved in wa
ater

at 298 kelvins include:
I e
"ECT' 105063 ———— | units Ref.
’E T1s L:atm/mol 1
’6;' A —— L-atm/mol 2
™o, | 1.0x107 ———— | Latm/mol = —
W e mol/atm 3
---------- 2

%%T 3.8122 L-atm/mol 2
[_6: e L-atm/mo! 4

. . L-atm/mol 2

(1) http://en.wikipedia.org/wiki/Henry%27s law

[2] Page 334

Handbook of Environmental Engineering Calculations
Bv C. C. Lee, Shun Dar Lin

Edition: 2, illustrated, revised

Published by McGraw-Hill Professional, 2007
ISBN 0071475834, 9780071475839
1772 pages

[3] http://www.isws.illinois.edu/nitro/terms.asp?lpg=glossary&lsec=&term=NSpecies

(4] page 60

Cyanide in Water and Soil: Chemistry, Risk, and Management
By David A. Dzombak, Rajat S. Ghosh, George M. Wong-Chong
Edition: illustrated

Published by CRC Press, 2006

ISBN 1566706661, 9781566706667

602 pages
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GAases Allowable

~Gas | Allowable | Average m =
ppm (Minutes) ppm (I‘If,::lgc Allowable | Average m
rs) ppm
ol B L @ e |
’.—\"6;"’5 15 T 8 0.2 1 ]‘a
<02 | 02 10 T — 0.053 ] 7
s |10 10 | 20 8 0.03 1 2
HON |47 15 T 8 0.23 1 2|
’_\(ﬁ?_r 35 15 25 2 0.2 1 2
voc| 5 10 25 T e
[1] http://www.coheadquarters.com/colimits1.htm '
[2]httg://www.atsd r.cdc.govl
(3]http://www.ec.gc.ca/nopp/DOCS/consult/2-Methoxyethanol/en/rms5.cfm
vOC Types
http://www.tpub.com/content/altfuels08/5364/53640050.htm
Types of VOC Air Releases
— o Emission Type Quanifiable g
Hichiss Anzerobic Digestion Fugitive No Z%
Acttaldebyde Fermentation/Product VenvFugitive Yes —fg_
Storage/Boiler g
Acetic Acid Fermentation Fugitive No -‘
Fomic Acid Fermentation Fugitive No 3
Propionic Acid Fermentation Fugitive No '5:
Formaldehyds Boler Vent Yes
2-Furfural Pretreatment Fugitive No
Ethyl Alcohol Fermentation/Product Storage VentFugitve Yes
Lsopropyl Alcohol Fermentation/Product Storage Fugitive No
N-buty) Alcohol Fermentation/Product Storage Fugitive No
N-propyl Alcohol Fermentation/Product Storage Fugitive No
S-butyl Alcohol Fermentation/Product Storage Fugitive | No
1soouzy] Alcohol Fermenttion/Product Storage Fugitive No
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Gas Constant

Substance Formula Molar mass R (gas constant)
Carbon (kg/kmol) (KJ/Kg)
gt Co
| ___monoxide 28.011 0.2968
Hydrogen HaS
Sulfide 2 34,08 0.029 j
Oxygen 0 32 0.2598 J
Volatile '
Compounds '
Nitrogen
Dioxide ] NG, 46.05 0.18054 J
Ammonia NH, 17.03 04882 |
Sulfur Dioxide SO, 0.1298 J
| Hydrocyanic
Acid HCN 27.017 0.3077 ‘\
Air o 28.97 0.287 J

R=R, /M ,R,=8.314 kl/Kmol.K universal gas constant, M is the molar mass

PPM = (mg/m’) *( 22.4/ molecular weight)
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Appendiy
)]

Needed Data for Packed Tower

Type Of Packing materials

FPlastic super
Intalox anddle

1
24 oo il & %

LT &

= ;;’, .‘.\‘)L )

S 7 e

Plastic Flexiting Metat Biatechki 1ing
ool SLLZN
a,‘e;rv}v £ P _)’\ b
&y
s A‘_“"’"ﬁ’

telal Cascade Metal Top-pak

Nini-ring (CHMRY

fe=—05

s

-,
Plactic Telleratis Plsstic Hackortt Plastic Hifiow ring iatal VSP ring
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No.

Table ]

Paking type
Raschig Rings

Tynes af .
ypes of packing materials:

Ap lication features

Earliest type. a
Usur.my cheaper per unit cost.

Available in widest variety of materials.

Very sound structurally,

Usually paf:kcd by dumping wet or dry, with
larger 4-6-inch sizes sometimes hand stacked.
Wall thickness varies between manufacturers.
Available surface changes with wall thickness.
Produce considerable side thrust on tower.
Usually has more internal liquid channeling,
and directs more liquid to walls of tower.

o

Berl Saddles

Intalox Saddles’

Low efﬁciency.

Morf: efficient than Raschig Rings in most
applications.

More costly.

Packing nests together and creates “tight” spots

in bed which promotes channeling but not as
much as Raschig rings.

Do not produce as much side thrust.

Has lower HTU and unit pressure drops with
higher flooding point than Raschig rings.
Easier to break in bed than Raschig rings.

and Other Saddle-
Designs

One of most efficient packings, but more
costly.

Very little tendency or ability to nest and block
areas of bed.

Gives fairly uniform bed.

Higher flooding limits and lower pressure drop
than Raschig rings or Berl saddles.
Lower HTU values for most common systems.

Easier to break in bed than Raschig rings, as
ceramic.

Pall Rings

Lower pressure drop (less than half) than
Raschig rings.

Lower HTU (in some systems also lower than
Berl saddles).

Higher flooding limit.

Good liquid distribution,

High capacity.
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Metal Intalox 1y
'k Chempak

Spival Rings

‘,(‘h‘h‘il\}‘, Ril\p“\'

'ty .

. ddernble gide thrust on column wall,
vinllahle 1y metal, plastic and ceramic,

Hiph ciiciency,

Low pressure drop,

teportedly good for distillations
}!N\lllll)’ installed ns wtacked,
Faking ndvantage of internal whirl of gas-liquid
nlnd Offering extra contact surface over Raschig
ring,

Lessing rings or cross partition rings.

Available in single, double and triple internal
spiral designs,

Higher pressure drop.,

Wide variety of performance data not available

Not much performance data available.
In general slightly better than Raschig, ring.

¢ Pressure drop slightly higher,
, . - * __High side wall thrust
8 Cross-Partition * Usually used stacked, and as first layers on
Rings support grids for smaller packing above.

*  Pressure drop relatively low.

*  Channeling reduced for comparative stacked
packings.

B *  No side wall thrust,
0, Grid Tile * Available with plain side and bottom or
serrated sides and drip-point bottom.

e Used stacked only,

e Also used as support layer for dumped
packings.

e Self supporting.

' e No side thrust.

e Pressure drop lower than most dumped
packings and some stacked.

e Lower than some Y% inch x 1 inch and ' inch x
2-inch wood grids, but greater than larger wood
grids.

¢ Some HTU values compare with those using 1 -
inch Raschig rings

10. Teller Rosette ¢ Available in plastic.
(Tellerette) e Lower pressure drop and HTU values.

]

Higher flooding limits than Raschig rings or
Berl saddles.
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]

-

~ Spraypak

Panapak

e ——

Very low unit weight.
Llow side thrust.

L]
———

e ———

Compared more with tray type bcrfurm;mcc
than other packing materials.

Usually used in large diameter towers above

about 24-inch dia, but smaller to 10-inch dia
available,

Metal only.
Available in metal only.

Compared more with tray type performance
than other packing materials.

fi\bout Same HETP as Spraypak for available
ata.

Used in towers 24 inches and larger.
Shows some performance advantage over
bubble cap trays up to 75 psia in fractionation

service, but reduced advantages above this
pressure or in vacuum service.

13.

Stedman Packing

Available in metal only.

Usually used in batch and continuous
distillation in small diameter columns not
exceeding 24-inches dia.

High fractionation ability per unit height.
Best suited for laboratory work.

Conical and triangular types available.

o Not much industrial data available

Sulzer, Flexipac,
and Similar

N

e High efficiency.
e Generally low pressure drop.

Well suited for distillation of clean systems.
Very low HETP.

15.

Goodloe Packing
and Wire Mesh
Packing

Available in metal and plastic.

Used in large and small towers for distillation,
absorption, scrubbing, liquid extraction.
High efficiency.

Low HETP.
Low pressure drop.
Limited data available.

16.

Cannon Packing

Available in metal only.
Low pressure drop.
Low HETP.

Flooding limit probably higher than Raschig

rings.
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18.

19.

.

Wood Grids

s—t—— Very low cost,
Dowpac FN-90

*  Not mych literature data available.
[ ]

. cemi-plant
Used Mostly in small laboratory or semi-plat
Studies,

* Verylow pressure drop,

Low efficiency of contact.
High HETp or HTU,

: : - s or
Best used in atmospheric towers of square
rectangular shape.

Plastic packing of very low pressure drop (just
greater than wood slats).

Transfer Coefficients about same as-2-inch
Raschig rings,

Most useful applications in gas cooling SYS‘C‘“j
or biological trickling filters.

Poly Grid

* Plastic packing of very low pressure drop.

Developed for water-air cooling tower
applications.
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Fable 23 Doy 1,
Dot fy O e

IYpes of paeking mnterialg, 1)

No | Packing materin) Sizo
type (in) th‘h'.h Sutfnee | Vold acking
nren, o J y '
'y | :::'f:.‘,““" 1‘;\‘"/‘;:‘:
IR packing
i | Rasching | Ceramie " - volume
ring and \ :;; 14 05 550
porcelain | | 1y, “',) SH 70 155
2 1'}; 36 :1'). 05
bl | %
stee R VICE T a— o A— :
l/‘-.ll/{i‘zz 1(7) :28 B | 300
)3 92 15
2. | Berl ceramic 2;”“‘ 38 131 92 57
>l e N I 7 B S T
saddles v, 54 15 (’)4 240
2 ;: 79 08 10
3. | Intalox plastic ] }, Zi ;S‘ ::‘)
saddles 2 3.75 33 93 20
__ |3 325 |27 94 15
ceramic | Y 54 300 75 T
a 45 190 78 200
1 44 78 77 98
. 2 42 36 79 4()
4. | Pall rings | Plastic 5/8 7 104 87 07
1 5.5 63 90 \52
2 4.5 31 92 25
metal 5/8- 38 104 93 173
0.018
thick :
1% - |24 39 95 28
0.03
thick
5. | Tellerettes | -=-===---- 1 1.5 55 87 40
2 3.9 38 93 20
3 5 30 92 15

[2]: Joseph and Beachler 1981.

Table 3: Equilibrium data table.
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_ Y |
\

0 . \
0.017469 0.013335 \
10.021137 0.01605 \
0.0529 0.04324

0.074114 0.06292 \
0.09553 0.086425 J
0.1082 0.10144 \
0.15875 0.1875 J
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Table 4. Som

1¢ calculations,

/’__ﬁ
X Y y* "
(1-y*)ei (y-y*) Fly)
\4
0 7.08*10° 0
0.99 7.08*10°¢ 139*10’
/( “\
071*10¢ | 1.77*10° ©
1 1.1*10 0.993 1.66*10° 59.8*10’
P
+10°° *405 :
2.139*10 2.83*10 2.15*10°® 0.994 2.615*10° 38.01*10° J
*1n° %15
32127107 | 3.834%107 | 3.9*10° 0.997 3.574*10° | 27.8*10° J
I
-6 -5 |
4.281*10 4.956*10 4.25*10° 0.997 4.531*10° 22.01*10° X
5.35*10° 6.018*10° 5.32*10°® 0.996 5.486*10° 18.16‘103J
6.42*10° 7.08*10° 6.41*10° 0.996 6.439%10° 15.47*10°

Henry constant for NH; = 0.7614 =H

(1-y)m= (y-y*)*In((1-y*}/[1-y]

fly) =(1-y)sim/[(1-) *(y-y*)]
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Figure 1: Flooding and pressure drop curve of packed tower

AD GO VO

),

o B y v (1-Y)im y-y*)( \ Fly) J
o0 7.07*10° 0 0.99 7.07*10° \ 140*10‘J
4233*107 | 1.76*10° 0.55*10° 0.993 1,705*10° \ 58.24*10;\
*1078.535 2.83*10° 1.075*10° 0.999 \ 2.723*10° \ 3668‘103J
1.279*10° 3.89*10° *10°1.6 0.997 3.73*10° \ 2673‘10’j
1.705*10° 4.95*10° 2.125*10° 0.997 4.737*10° \ 21.05*10‘J
2135*10° | 6.017*10° *10°2.66 0.999 5.751*10° \ 17 37*10‘J
*10°2.562 7.08*10° *10°3.205 0.999 6.76*10° \ 14. 73'103J
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Appendix
(1)

NI, Gas Sensor

1) Electrochemical NJ13 Gas Sensor (NEMOTO NT-N13)

Specifications NT-NH3
» Detectable gas: Ammonia
o Detection range: 0 - 100 ppm

Maximum range (short periods) 200 ppm

e Output current: 40 +/- 12 nA/ppm

¢ Reproducibility: +/- 10%

e Zero in clean air: <+/-10ppm.

e Output drift in air: < 2%/month.

e Response time (T,,,): <90 seconds.
Temperature drift (zero) <15ppm (-20to +50°C).

o Expected lifetime >2 years.

Operating conditions:

e Operating temperature: -40°C to + 40°C.

e Humidity range (constant) 15-90% RH.

e Humidity range (intermittent) 0-99%% RH.
e Pressure: 0.9 -1.1 atm.

¢ Recommended resistor: 10 ohms.

* Bias voltage: Not required.
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e Recommended Storape temyp (
\ ) .'.)-()lc(\
e Storape time 6 months .

2) Semlconductor Ny
VRensor (138 82
" 0)

o The Calibration Process:

The figure below represe

l“ﬁ ie ONeitivg
typical Sensitivity characteristics; all data having

been pathered at standard tegy conditions (s
s (se

c reverse side of this sheet). The Y-axis
Rs/Ro) which is defined as follows:

0 o A .
[ displayed £ases at various concentrations
Ro = Sensor resistance at SOppm of ammonia

is indicated as sensor resistance ratio (

Rs = Sensor resistance

10—
ol 1 o
= N W ;| )
5 T
Alr -
T BRI _\__ 1
S S— °::‘*:':”-i:"” “““ l{
) N R
e | I T~ ] lsobutane) o
& E— — 55 =T Hydrogen ! %_:3
T~ 0
S Amonial
- = ‘\‘\ 9 \
— L

Rl

10 100 1000
Concentration (ppm)

Figure H.1: Sensitivity characteristics.

Temperature/Humidity Dependency:
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The figure belg
w e W
PREREtS typlenl tempernture and humidity dependenc
characteristion, Apaly, '
‘

the vy |
Cremds e indiomted ws sensor gesistanee 1ato
(Rs/Ro), defined py followy:

Rs = senwor  resfutngee

at 50
temperature/humidity,

ppm of  ammonia ot Yarious

Ro = Sensor rey "
istance af SOppm of ammonin at 207C and 65% 111,
10.0
‘[\ T . - . ;:m‘m
1.0 it PO =7 7t ;

BN

30 20 10 0 10 20 30 40 50
Ambient Temperature (°C)

Figure H.2: temperature and humidity characteristics.
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3- Anemometer code
sinclude <pl 814550 h>

he
sinclude <adeh

sinclude <dclays.h>

#include "gamclcd‘h"

spragma config FOSC=INTOSC_HS
#pragma config WDT=OFF
#pragma config LVP=OFF
#pragma config DEBUG=0ON

#pragma config PWRT=0OFF

int volt, Q, S;

Void main (void)

{

Led_init();
TRISA=0b11111111;
TRISD=0b00000000;

ADCON 1=0x00;

OpenADC(ADC_FOSC_64 & ADC_RIGHT_JUST & ADC_2_TAD
S . _2_TAD,

ADC_CHO & ADC_INT_OFF & ADC_REF_VDD_VSS, 00);

while (1)

{
SetChanADC(ADC_CHO0);
ConvertADC();

While(BusyADC());
volt=ReadADC();

PROTC=vo h.,
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PRoTD =Read ADC();

S$=1.9661*volt+1 9294,
Q=S/1000;

qransmit(volt);

pelay! 0KTCYX(100);
Dclayl OKTCYX(100 ):

Led_gotoyx(1,1);

Led_putrs("speed=");
Lcd_gotoyx(1,8);
Led_puti(s);
Led_gotoyx(1,12);

Led_putrs("m/s");

Led_gotoyx(2,1);
Led_putrs("Flow="),
Led_gotoyx(2,8);
Led_puti(Q);
Led_gotoyx(2,12);

Led_putrs("m3/s");

}//While

}/main
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3) More Specifications:

Model number
Torget gasey TGS 628
Typical de!ectbnm Ammoria
— 30 ~ 305 ppm
_ [Heatervoiege [y, ,
Standard circuit or 5020.2v CCIAC
. V-
conditions t voltage Ve |Max. 26V oc swy | Po g 15m
Loa 3
Sresstance | Ri|  Voriabis Ps £ 1SN
Heater resistance | R 3013 ot room temp
Heater
Eiectneal i curent | & 167mA
charactanstics sater power P :
under standard test |Consumption 823mw Vi =50V 0C
conditio
i Sensor resistance | Rs - 5020-190&9
PPM ammonia
Sensitivity
. Bs (1%0gom}
{change ratio of Re) 05520.15 Rs (50ppm)
i . P
Yest gas condions at 2042:C. BE45%RH
Standard test ) Ve =5.0:0.01V DC
conditions Circuit conditions Vh = 5.020.05V DC
Re = 33k021%
Cenditioning period
before test ¥y

Sensor Resistance (Rs) is calculated by the following formula:

Vc
—(—_1)+RI
s (VRl 1) *

Power dissipation across sensor electrodes (Ps) is calculated by the following

formula:

_ Ve XRs
pS - (Rs + RL)z
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TGS 826 Pre-Sorted Groupings

The TGS 20 $0500 has A wide specincat

o raed vaue i S0ppm of NHy .\;dpes(e'tso?fg;i?m? :::[:3“ :;g:
~ 150ppm of N3/ Rs m S00pet OfNHI) To fagittate usdge of
ns ensor TGS 825 15 shipped in pre-sarted groupings of 20
2 Pef DO WAN €3Ch DI Marked vith 0ne of he Iotiowinyg
groun nUmbers WhICh IGICANE A More NATOW range witha the
e i AT

Plaase be adveed tnat the sensor 15 produced 1) meed e
ovetall specricabon range-producton of specly, Groupgs
VNN NG $06¢ cannolbe Gone AS A resull, €2 uset (equests
A 5peeic group(s). he sensof €an e mage avadatie at an
200tenal €harge, Ll fo Quaraniee €an be cered 35 19
avalabity for shipment  The manemum cefwery time for specal
QIoup Setection shauld be considered at 8 weeks MIVum

Group # Rs in 60ppm of NH3 (kQ)

Rs (in 15
Rs (in 50ppm of NH3)

1-A 20 ~ 30

04-05

1-B 20~ 30

05-~06

1-C 20~ 30

06~07

2.A 30 ~ 40

04~05

2B 30 ~ 40

05~06

2.C 30~ 40

06-07

IA 40~ 53

04-05

1B 40~53

05-~06

3-C

40 ~ &3

06~07

4-A 53~70

04-~05

4-B 53~170

05-~06

4.C 53~170

086-~07

':.:D-A 70 - 85

04~05

5B 70~85

05-06

5C 70 ~ 85

06-07

04-~05

B-A

85~ 100

6-B

85~ 100

05-~06

85 ~ 100

06-~07
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