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Abstract

"Wis project comes as a respunse to the modern trends in the automotive world, which
esuld be summarized into main factor, namely, the growing intercsts in the protection of

is= emvironment,

This project aims at Evaluation of Performance for Catalytic Converter to Reduce Toxic
Emissions Exhaust from Internal Combustion Engines in Vehicles experimentally and
weasured cxperimentally using carbon monoxide (CO)sensors at the inlet and outlet of
exhaust gas from catalytic converter .Since these Sensors were not present in the vehicles

Sefore .and development of catalytic converter by injection urea to reduce NOx emission .
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Chapter One

General Introducti{m

* [Introduction.

¢ Project Background.

+ Project Scope.

e Project Goals and Objectives.
e Project Choice Justification.
=  Project Implementation Plan.

& Preliminary Budget,




1.1 latroduction

As a resull of development and technology that arrived 1o the world today and
sompete with another to impose its hegemony on the market for the hest in the
mdustry and marketing led to an increase n the number of vehicles largely, resulling
= wercased environmental pollution, so it must be found any way to reduce the
svironmental problems (emission control strategies) such as positive crankcase
vemtilation (PVC), exhaust gas reeirculation (EGR).fuel tank canister purge,
secondary air injection ,spark timing adjustment and two way and three way catalytic

semverier |1 ].

Smissions contain many compounds. the main of them are carbon moenoxide (CO),
swdrocarbons (HC), and nitrogen oxides (NOx), these compounds produced when the
sombustion is not completely, so when the fuel 15 burned, emissions gascs and
senpounds will be appearcd, these compounds are dangerous for health and
Emronment.

reduce these cmissions gases, a device will use to change its chemical

sonstruction; this device name is a catalylic converier.

' this project we will build an cxperimental sel up o measure the amount of a toxic
sxhaust pases exit from internal combustion engines by using sensors at the inlet and

sutlet for catalytic converter, and injoction urea (NH;):CO in exhaust belore catalytic

sonverter to reduce NOx |




.2 Project Background

= sutomotive catalytic converter is an emissions comtrol device which may be
sesrporated into the exhaust system of a motor vehicle between the exhanst manifold
# he muffler, The catalytic converter contains one or more catalvsts, such as those
Sl on platinum, palladiom, or rhodium, which reduce the levels of hydrocarbons
00 carbon monoxide (CO) and nitrogen oxides (NOx) in the cxhaust zas, thereby
wiacmyg the amount of these pollutants which would otherwise be emitted into the
smesphere lrom the vehicle. In a typical commercial catalytic converter, (HC) and
~ ) i the exhaust arc oxidized o form carbon dioxide (CO») and water, and (NO,,

& seduced Lo mirogen, carbon dioxide, and water.

1.3 Project Scope

" scope of the project is to build an experimenial setup for cvaluating the efficiency
W catalytic converter, towards redueing emission of carbon monoxide, hydrocarbons

wnd oxides of nitrogen. This includes the following main topics:

« Literature review of the industrial and component vperalion catalytic
converler.

= Reviewing the scientific background about the raw malerials, and prop-
erties of calalytic converter.

= Building experimental sctup ol carbon monoxide (C0Q) sensor at the inlet
and outlet of the catalytic converter to measure the proportion of toxic gas.

= Developed catalytic converter (o reduce the proportion of toxic gases by

adding some materials such as (uwrea and H;0) in the catalytic converter

and injeet this material mside calalytic converter by using suitable injector




« Ewvaluation of performance for catalytic converier to reduce toxic emis-
sions exhaust from internal combustion engines in vehicles.

« Studying about catalytic converter and comparing between the data sheet
of catalytic converler and resulting data when domng the cxpenmental

project.

1.4 Project Goals and Objectives

The overall aim of the projeet is to reduce the emission of regular pollutants, carbon
mesotide, hydrocarhons and nitrogen oxides by using improved catalytic converler

-

1.4.1 General Goals

Thes project rolates shoul many of goals aims:

To develop catalviic converter for reducing enmssion by adding some

materials such as urea and mject this matenial by using suitable injector that

operation al especial condition.

» To build experimental setup for evaluation of eatalytic converter.

» To da experiments to evalualion proportion cmission cxhaust from the internal
combusiion engine by using scnsor and to measure inlet and outlet toxic gas
by using gas analyzer .

« Towards reducing cmission and regulated pollutants carbon monoxide, hydro-

carbons and oxides of nitrogen.




1.&.2 Specific Objective

W project contains many specific ohjective, aims to:

» Smdying catalytic converter and comparing between the data sheet of catalviic
converter and resulting dala when doing the experimental project.

= Building experimental setup of carbon monoxide (COY sensor at the inlet and
exit of the catalvtic converter to measure the proportion of toxic gas.

= Retuce emission and regulated pollutants especially oxides of nitrogen by
adding some materials such as (wrea) in the catalytic converter and inject this

material inside catalviic converter by using suitable injeclor.

1.5 Project Choice Justification

As a resull of development and tochnology in the vehicles, 1t causes poliutants
that ¢iTeel on the human health and environmental so, many point is the most

mmportant justification:

* Increasing environmental problem, resulting from emission exist from
internal combustion engine.

¢ |t causes Greenhouse gas cmissions from vehicle exhausts more than several
times the permitted level according lo World Health Orgunization (WHO)
criteria, and this is a dangerous mdicator of mising pollution and maybe lung
disease and cancers of the Sense and harvesied thousands of people annually.

» Increase the number of cars and dramatically, withoul atlention to the harmful
environmental impacts of the most important causes of the problem.

+ Fuel specifications currently used cspecially dicsel, which contains a high

percentage of sulfur and carcinogenic effects with which to conflict with the

requirements of intcrnational standards that proiect the environment.




In addition to the ahsence of the catalytic converter in the old cars and some
modern and this conlnbutes to increase air pollution especially that of the
continuous monitoring of vehicles that emit smoke offense almast absent.

And loxie elements have become 2 real threat to human health the dangerous

zas pollation resulting from auto.

& Project Implementation Plan

= & project will be evaluating of performanee for catalviic converler and limit of

smeson sxhaust from intemal combustion engine and will be the tasks, goals and

Weectves, mn addition to the ume table. thus when they are achieved, and then the

et has accomiplishicd that level.

! Main Task and Actives

The munn tasks for the first semester inclode:

Selecting the project .

Plannmg and sething project concepts and goals.

Established scientific backpround.

Study the types of calalvlic converter,

Collect the data about the project from the library, boxes and internet.
Wite the data and format it.

Write the reference of the project.

Fmally print it.




24T Time Table

e e 1=ble for the first semester is illustrated in Table 1.1,

Table 1.1: The time table for *' vemestar
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W e second scmester, the following tasks were planned:

* Suwlding system include engine and exhaust system.

= Studyimg sbout catalytic converter and comparing between the data that write
on the catalytic converter and resulting data when doing the experimental
project.

* Installation calalytic converter between exhaust manifold and muffler.

* Suilding experimental setup of carbon monoxide (CO) sensor at the inlet and
=xit of the catalytic converter to measure the proportion of loxic zas.

= Evaluation of performance for catalytic converler lo reduce toxic emissions
cxhaust from internal combustion engines in vehicles.

Develop a catalytic converter to reduce the proportion of toxic gases by

2dding some materials such as (#rea) in the calalytic converter and inject this

material inside catalytic converter by using suitable injector.




senie for the second semester is illustrated in Table 1.2,

Table (1.2): The time table for 2 semester




LT Prslminary Budget

sy estimates are made for the project components as listed in table (1.3)

Table (1.3): Preliminary budger

Ttem Estimated Cost (S)
Catal yvlic Converler 200

Sensor CO "TGS" 200 X 2

Tirea | 50

Pump 25

Injector 30

Pressure regulator

Cost of printing and

imaging

Other costs




Chapter Two

Internal Combustion Engine

o Introduction.
+ Reactions that Occur in the Internal Combustion Engines.
o  Products ol the Reaction.

»  Emission Control,
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Sssreduction

e =icmal combustion engine s an engine in which the combustion of a fucl
Cemerally fossil fuel) oceurs with an oxidizer (usually air) in a combustion
Shemmber. [n an internal combustion enging the expansion of the high temperature
st pressure pases, which are produced by the combustion, directly applies force
» » movable component of the engine. such as the pistens or turbine blades and by

mwesemz it over a distance, generule useful mechanical energy,

The term internal combustion engine usually refers o an enging in which comb-
won 15 intermittent, such as the more familiar four-stroke and two-stroke piston

smemes, along with variants, such as the Wankel rotary engine.

& second class of internal combustion engines use conlinuous combustion: gas
w=senes, jet engines and most rocket engines, each of which are internal

sembustion engines on the same principle as previously described.

2 1 Reactions that Occur in the Internal Combustion Engines

=21 Combustion Stoichiometry

I sufficient oxygen is available, a hydrocarbon fucl can be completely oxidized,
e carhen is converted to carbon dioxide (C05) and the hydrogen is converted to
water (Ha0Q),

The overall chemical equation for the complete combustion of onc mole for
bambda, A= 1

C,H,, +12.5(0, +3.76N,) = 8CO, +9H,0 + 47N, (1)

5 1




=

ok The ratio between amount ol actual air and theoretical amount of air.

W semtains molecular mirogen Ny, when the products are at low temperature the

e = nat sigmificantly affected by the reaction, it is considered inert.
S complete reaction of a general hydrocarbon C_ H , with air1s:

! 7
EE, +a .,L%J.({J._, +3.76N,) = aCO, +£2-H1£?-.-".?{1[a+— |N (2.2)

The shove equation defines the stoichiometry proportions of fiel and air.
“sample: For octane (CgHg) at @ =8, §-18.

C M, +12.5(0,+3.76N,) = 8C0O, + 911 O+ 47N, (2.3)

T3e Swoichiometry mass hased air/fuel and fuel/air ratio is:

| E] fr,.+3.‘f‘{:{a+ﬁ1 :
. 41" .4
(FiA), oM.+ M,

(41F), = @2.4)

Sebstituting the respective molecular weights and dividing top and bottom by o
o gets the following expression that only depends on the ratio of the number of

Sedrogen atoms Lo carbon atoms (34 in the fuel [2]

[1+ ['ﬁf}J[Jz +3.76%28)
(4/F) :

T 12+(B/a)*

(2.5)

12




S amove equation only applies to Stoichiometry mixture.
Saroctane (CgHyg), pa=225 2 (A1) s =15.1

B methare (CH:), flo=4 =  (AF)s—172

+22 Fuel Lean Mixture

Sae-ar mixturcs with more than stoichiometry air, excess air, can bum. With excess
= wou get fuel lean combustion, the extra air appears 1 the products m unchanged

A

2

C H, +A(ax + ﬁ]{ﬁl +3.76N.) > al0O, +

7 H,O+dN,, + 0. (2.6)

Where for fuel lean mixtures have excess air so for lambda A> 7

Ssove reaction equation has two unknowns (d @) and we have two atom balance

smusnons ((J, V) so can solve for the unknowns.

= 2.3 Fuel Rich Mixture

Suel-air mixtures with less than Stoichiomelry air ¢an also burn. With less than
Sesctzomelry air vou gel fuel rich combustion, there is insufficient oxygen to exidize
% e C and H in the fuel to COs and H; 0. Gel incomplele combustion where carbon
menoxide (CO) and molecular Hydrogen (H;) also appear in the products [2].

CH, +i(u :—-‘1}}({}, +3.76N,) = aCO, +bH .0 v dN, +eCO (2.7)

W here [or el rich mixtures have insufficient air so for Iambda A< [

13




s=scnon equation has four unknowns (a, b, 4, &) and we onlv have two atom
sesstions (€, F1) so cannot solve for the unknowns unless additional
=hout the products 18 miven.
Consider a reaction of octane rich mixture with lambda equal 0.8.
e Saschiometry reaction is:

8, < (0.8%13.125)(0, + 376N, ) — 4C0, + 91,0 +4CO+10.5%3.76N,

C.H,, +12.5(0, +3.76N,) - 8C0, + 9H,0 + 47N,
Wi lambda <1

A/F = mass air /mass fucl
= 1441.4/114
= 12.64:1

3 Fraducts of the Reaction

setucts of the internal combustion enging are many Lype of gases, specially the
e oxides (NOx), hydrocarbons (HC) and carbon monoxide (CO).

Nitrogen Oxides (NO,)

Ww mctude nitric oxide (NO) and nitrogen dioxide (NO3) and  formed only at high
mseswares and the reaction rate 1s relatively slow

= 8 cezines the dominant component of NOx is NO forms as a result of diss-
s of molecular nitrogen and oxvgen.

e @e @ number of possible reactions that form NO. All the restrictions arc
smeasy occurring during the combustion process and immediately after. These
e but are not limited to:

14




0+N;= NO+N (2.8)
NIi(h- NO+O (2.9
N+OH- NO I H (2.10)

N0, in tumn can further react to form NOs by various means including

NO+ H:O—= NO:+Hs (2.11)
NO+0p—= NO,+ 0 (2.12)

-3.2 Hvdrocarbons

Swdrocarbon emissions result from the presence of unbumed fuel in the engme
=xhaust

However, some of the exhaust hydrocarbons are not found in the fuel, but are
svdrocarbons derived from the fucl whose struclure was altered due to chemical

==action (hat did not go to completion,

15




2.3.2.1 Hydrocarbon Emission Sources

® (Crevices: these are narrow regions in the combustion chamber inte which
crevices are located aronnd the piston, head gasket, spark plug and valve seats

and represent about 1 to 2% of the clearance volume.

e« (il layers: Since the piston mng is nol 100% effective in preventing ol
migration mito the cylinder above the piston, oil layers cxist within the

combustion chamber

s Deposits: With continued use carbon deposits build up on the valves, cylinder
and piston head. These deposits are porous with pore sizes smaller than the

quenching distance so trapped fuel cannol bumn.

o [Liquid fuel: For some fuel injection systems there is a possibility that liquid
fuel i= introduced into the evlinder past an open intake valve. The less volatile
fuel constituents may not vaporize (especially duning engine warm-up) and be

absorbed by the crevices or carbon deposits.

¢ Flamc quenching: It has been shown that the {lame does not burn completely
ta the intermal surfaces, the Hame extinguishes at a2 small but finmite distance

from the wall. Most of this gas eventually diffuses into the hurmed gas during

expansion stroke |2 ],




+2 Carbon Monoxide

_arbon monoxide appears in the exhaust of fuel nch running engines. For fuel rich
suxiures there is insufficient oxygen to convert all the carbon in the fuel to carbon

Soxide.

Amount of Emissions n Exbiaust Flow

]

i i
Q.8 o.5 1.0 1.7 T
Eguivariwnces Ratio, &

Fligure (2.1): Amount of emissions in exhaust and equivalence ratio in general.

Esmissions [rom an SI engine as a function of equivalence ratio. Fuel rich air-fuel
matio does not have enough oxygen fo reacl with all the carbon and hydrogen. And
soth HC and CO emissions incrcase HC emissions also increase at very lean
mixtures duc to poor combustion and misfires. The generation of nitrogen oxide
smission is function of the combustion tcmperature .Being greatest near
Stoichiometry condition when temperatures are the highest .Peak NOx emissions
sccur at slightly lean condition, where the combustion lemperature is high and

there 15 an excess of oxygen (o react with the nitrogen [2].

1F




~ & Emission Control

e serrent emission limits for HC, €O and NOx have been reduced ta 4% and 10%

W B mmcontrolled pre-values, respectively.

== Basic methods used to control engine emissions:

= Oxygen sensors and on-board computers.

*  Uptimizing the choice of operating parameters

*  Alfler treatment devices in the exhaust system - catalytic converter

table 2.1: Fffect and mitigation measures of air pollutants 2]

POLUTANT FFECTS EMEDY
Ddes of Increases susceptibility lo respiratorv Calalylic converter
mEDEcn infection
DL ) Increase airways resistance n asthmatics
Déereases pulmonary functions.
Cmone () Irmitation of the eves and nose Catalytic converter
Damage the lining ol the airways
Inflammatory reactions
Cx=hon Hinders oxygen transport from blood Catalytic comverter ]
memoxide tissues Emission standards set up
10) Cardiovascular discases
MNeurohehavioral effects
Saighur Aad deposition _ Reduction  of  sulphur
Smrkide Respiralory problems content in diesel
S0}

Disability and cven death

18




Lung damage

Diesel particles

Mutagenic

(Carcinogenic

Degrade aesthetic and material usage

through soiling

Cartalvtic converter
Reduction of sulphur
content in diesel

Emission Standards set

up

19




hapter Three

_Catalytic Converter

= [ntroduction

« Components of the Catalytic Converter
= Work of the Catalytic Converter

= Types of Catalytic Converter

» Basic Emission Control Systems

= [Installation

« Converter Operation

+ (Causes of Catalytic Converter Plugging
« Causes of Catalyst Fouling

» Catalvtic Converter Operating Efficiency
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Ssereduction

ssaivuc converter was invented by Eugene Houdry, a French mechanieal
== when the results of early studics of smog in Los Angeles were published,
¥ Secame concerned about the role of automobile exhaust in air pollution and
=L 2 special company, Oxy=Catalyst, 1o develop catalytic converters for gasoline
= But until the extremely effective anti-knock agent tetra-cthyl lead was
weed from most gasoline over environmental a concerns, it would "poison” the
“er by forming a coating on the catalyst's surfuce, effectively disabling it,
SEatic converter was later on further developed by John J. Mooney and Carl D,
& e Engelhard Corporation, creating the first production calalvtic converter in
W Ssulvtic converler is device used Lo reduce the toxicily of cmissions l[rom
el combustion engine, Catalytic converters are still most commonly used in
veicle exhaust systems,

Woc converters are also used on generator sets, forklifis, MINing equipment,
Puscs, trains, and other engine-equipped machines. A catalytic converter
Wies an environmient for a chemical where in toxic combustion hy-products are
Ssered 1o less-loxic substances.

Sl converters are one of the greatest emission add-ons ever to he installed on
e, By cleaning up the pollutants left over from combustion, they reduce tailpipe
ssmans of hydrocarbons (HC) and carbon monoxide (CO) to exiremely low levels.
WS svervthing is operating normally. But sometimes things do nol operate
Wsmatly. and when that happens engine performance may sufTer or the vehicle may
Sl = emissions test,

“ses shility symptoms such as a drop in fuel economy, luck of high speed power,
e die or stalling are classic symptoms of excessive hackpressure due to a lugged

eI,

Seaed HC and CO tailpipe emissions, on the other hand, are often symploms of a
Wit converter or a faulty air supply (bad or leaky air pump, diverter valve or pulse
W sstem). A fouled converter may not cause any increase in backpressure. 5o other

Wesieds of checking the converter are required for this type of prohlem,
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The smportant point to remember here is that converters don't just plug vp or die for
w sood reason, There is usually an underlying cause which must also he diagnosed
s corrected before the problem can be climinated. Diagnosing a plugged or fouled
et converter is only half the fix, Replacing a bad catalylic converter will onlv
emporarily restore things lo normal because unless the underlying problem that
“sesedt the original converter to fail is identificd and fixed, the replacement converter

w0 likely suffer the samc fate.
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Figure (3.1) Catalytic Converters

! ad and sulfur in the exhaust gas scverely inhibil the operation of a catalytic

sonverter (poison)
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Figure (3.2) Modern Catalyiic Converters

3.2 Components of The catalytic converter

1. The core or substrate, The core 1s often a ceramic honeycomb in modern
catalytic converters. bul stainless steel foil honeycombs are used, too. The
honey-comb surface increases the amount of surface area avalable to
support the catalyst, and therefore 15 often called a "catalyst support”, The
ceramic substrate was invented by Rodney Bagley, Trwin Lachman and
Ronald Lewis at Corning CGlass, for which they werc inducted into the

National Inventors Hall of Fame in 2002,

23




2. The washcout. A washeoat is used to make converters more efficient, often
as a mixture of silica and alumina. The washcoal, when added to the care,
forms a rough, irmegular surface, which has a far greater surface area than
the flat corc surfaces do, which then gives the converter core a larger
surface area, and therefore more places for active precious metal sites. The
catalyst i3 added to the washcoat (in suspension) before being applied to the
core,

3. The catalyst itself is most often a precious metal. Platinum is the most active
catalyst and s widely used. It is not suitahle for all applications, however,
because of unwanted additional reactions and/or cost. Palladium and rhodium
arc two other precious metals used. Platmum and rhodinm are used as a
reduction catalyst, while platinum and palladium are used as an oxidization
catalyst. Cerium, iron, manganese and nickel are also used, although each has
its own limitations. Nickel is not legal for use in the Buropean Union (due lo

reaction with carbon monoxide) |3].

- 0o o,
~ Oxidation: T N
C et (Ja

H‘-'-w} Ha0 + COs
0,

B 7

Figure (3.3)

Oxidation and reduction process into catalvtic converler.
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3.3 Work of The eatalytic converter

A culalytic converter is a metal hox with chemical catalysts inside it that sits
underneath your car. There's a pipe going into one end of the converter [rom the car
engine and another pipe going ovut of the other cnd of the converter to the car's
exhausl. The catalysts make chemieal reactions happen that convert the molecules of
pallution into simple, harmless gases. These are many safes o pass into the outside air

13]-

Figwre (a)
Catalyst as cut and prepared for Impedance Test

Figure (h)

Metal-core converter




Figure (C)

Cergmic-oore converter

Figure (3.3"%a,b,¢")

The catalytic converter uswally consists of 2 honeycomb structured ceramic monolith,
which is surrounded by matting. The malting holds the monolith securely in place and
provides a cushion against road shock and vibration. This is all cneased in a steel shell
to provide further protection. Another option is a steel monolith, which ig more
durable, The steel monolith we supply has a texture similar to cotton wool.

The catalytic converter is situated m the exhaust pipe, usually close to the manifold.
This is because the catalyst needs (o reach a certain temperature before it starts to
operale properly, so lhe closer it is to the engine the quicker it reaches operating

ICmpCranire.

->~ i\’-b-

Figure (3.4)

CO. HC and NO enter the catalyst
Carbon Monoxide (CO)
Hydrocarhons (11C)

Nitrous Oxide (NO)

C0,, HyO and N [eave the catalyst as fumes
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Carbon Dioxide (C03)
Water (H20) + (Cy)
Nitrogen (N}
The monalith is coated with platinum, palladivim and rhodium. These substances
cause a chemical reaction to take place as the exhaust fumes pass through the
monolith. The catbon monoxide is canverted to carbon dioxide, the hydrocarbons are
converted into water and carbon dioxide, and nitrous oxide is converted into nitrogen.

3.4 Tvpes of catalytic converter

There arc many types of catalvtic converter and the most imporlant is:

1 - Two-way Catalytic Converter
A two-way catalytic converter has two simultaneous tasks:
1. Ozxidation of carbon monoxide (¢ carbon dioxide:
200+ O — 200,
2. Oxidation of unburnt hydrocarbons (unburni and partially-burnt foel) to
carbun dioxide and watcr:

N
C.H; + :z+E (0, +3.70N }—1czﬂﬂ,+£ffﬂ+3.? a+—|."u'?
R 4 1 2 2 2 ‘!.J

This type of catalytic converier is widely used ondicscl cnginesto red-
uce hydrocarhon and carbon monoxide emissions.
When the two-way converter’s inability to control NOy led to its super session by

three-way converters.
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I-Three-way catalvtic converter

Threc-way catalytic converters have been used in vehicle emission control syslemns in
North America and many other counfries on toad going vehicles. A threc-way
catalylic converter has three simultaneous tasks:

1. Reduction of nitrogen oxides to nitrogen and oxygen: 2NO, = x0: + N;
2, Ouxidation of carbon monoxide to carbon dioxide: 200 ~ O, —» 2C0;
3. Oxidation of un bumt hydrocarbons (HC) to carbon dioxide and water

C.H, + f.s+E {Uj+3.?6N:)—mcu.+£i‘!,o+3,?{p c::+E N.
A 4 Ry A 4 :

(L y
(= B

Hilks
“Y——— o0
HE

N -
EM Cw  —— o
N A

Figure (3.5)

CO, HC and NO enter the catalyst
Carbon Monoxide {CO)
Hydracarbons (HC)

Nitrous Oxide (NO)

CO2. H2O and N _leave the catalyst as fumes
Carbon Dioxide (CO2)

Water (H2O)+(C02)

Nitrogen (N)
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These three reactions occur most efficiently when the catalviic converter receives
exhaust from an cogine nning slightly above the stoichiometric poinl. This 1s
between 14.6 and 14.8 parts air to | parl fuel, by weight for gasoline. The ratio
for LPG, natural gas and ethanol luels is slightly dillerenl, requiring modified fuel
system settings when using those fuels. Generally, engines fitted with 3-way catalytic
converlers are equipped with 4 compulerized closed-loop  fesdback fuel inje-
ction systerm employing one or more oxygen sensors, though carly in the deployment
of 3-way converters, carburetors equipped for leedback mixture control were used.
While a 3-way catalyst can be used m an open-loop system, NO, reduction efficiency
15 low, within a narrow firel/air ratio band surrounding stoichiometry, conversion of
all three pollutants is nearly complete. However, outside of that band, conversion
efficiency falls off very rapidly. When there 1s more oxygen than required, then the
syslem is said Lo be running lcan, and the system is in oxidizing condition. In that
case, the converter's two oxidizing reactions (oxidation of CO and hydrocarbons) are
favared, at the expense of the reducing reaction. When there is excessive fuel, then
the enging is running rich, The reduction of NO, is favored. at the expense of CO and
HC oxidation [3].

3.5 Basic Emission Control Systems

When the first emission controls were first introduced back in the late 1960s, they
were primarily "add-on" components that selved a particular enission need. When
posilive crankcase ventilation (PCV) became standard in 1968, the recyeling of
crankcase vapors climinated blow by emissions as a major source ol automotive
pollution. When Evaporative Emission Control Systems were added in 1971, charcoal
canisiers and sealed fuel systems eliminaled [uel vapors as another lactor that
contributed to air pollution. Exhaust gas recirculation (EGR) was added in 1973,
which lowered harmful axides of nitrogen (NOX) emissions. But the mosl significan|
add-on came m 1975 when the auto makers were reguired 1o nstall catalytic
converters on all new ears.
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The catalytic converter proved to be a real breakthrough in controlling cmissions
because it reduced both unburmned hydrocarbons (HC), a primary factor in the
formation of urban smog. and carbon monoxide (CO), the most dangerous pollutant
because il can be deadly even m small concentrations. The converter slashed the
levels of these two pollutants nearly 90%,

The early two-way converters (so-called because they eliminated the two pollutants
HC and CO) acted like an afterburner to re bum the pollutants in the exhaust.

An air pump or an aspirator svstem provided the extra oxygen in the exhaust o get
the job done. Two-way converters were used up until 1981 when three-way"
converters were introduced. Three-wav converters also reduced NQy concentrations
m the exhauost, but required the addition of a compulerized feedback fuel control
system to do so.

Unlike the earlier two-way converiers (hal could perform their job relatively
cfficiently with a lcan f(ucl mixture, the catalyst insidc a threc-way converter that
reduces MOk requires a rich fuel mixture. Bul a rich fuel mixture increases CO levels
in the exhaust. So to reduce all three pollutants (HC, CO and NOx), a lhree-way
converter requires a fuel mixtura that constantly changes or flip flops back and forth
from rich to lean. This. in turn, requires feedback carburetion or electronic luel
injection, plus an oxygen sensor in the exhaust to keep tabs on what is happening with

the (el mixture.

Like the carlier two-way converters, three-way converters also require extra oxygen

from an air pump or aspirator system, and some.
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NOx emission versus engine speed (with and withour catalytic converter)
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CO emission versus engine speed (with and withowt catalvtic converter)
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Figure (3.8)
HC emission versus engine speed (with and without catalytic converter)

three-way plus oxygen" converters are designed so air 1s routed right to the converter
itself for more ellicient operation [3].

3.6 Installation

Manv vehicles have a pre-catalyst located close to the engine's exhaust manifold. This
heats up quickly due to its proximity to the engine, and reduces cold-engine emissions
by burning off hydrocarbons from the extira-rich mixture used in a cold engine.
Many three-way catalytic converters utilize an air injection tube between the first
(NQ, reduction) and second (HC and CO oxidation) biscuits of the converter. This
tube is led by a sccondary air injection system. The injected air provides oxygen for
the catalyst's oxidizing reaction. These systems also sometimes include an upstrcam
air injector to admit oxyzen to the exhaust system before it reaches the catalytic
converter. This precleans the extra-rich exhaust [rom a cold engine. and helps bring
the eatalytic converter gquickly up Lo operating temperature.
Some newer systems do not cmploy air injection. Instead, they provide a constantly
varying mixture that quickly and continually cyeles between lean and rich to keep the
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first catalyst (NO, reduction) from hecoming oxygen loaded, and to keep the second
catalyst (CO oxidization) sufficiently oxygen-saturated. They also utilize several
oxygen sensors to monitor the exhaust, at least onc before the catalvtic converler for
cach bank of cylinders, and onc after the converter. Some systems contain the

reduction and oxidalion functions separately rather than in a common housing.

3.7 Converter operations

Under normal operating conditians, the converter should not have to work very hard
to accomplish its job. I im engine has good compression, is not sucking oil down the
valve guides, and the fuel, ignition and engine management system are all working
properly, there should he relatively little HC and €O in the exhaust for the converter
to burn (a few tenths ol a percent CO and less than 150 ppm of HC when the engine is
warm). In many late-model enginegs with multipoint fuel injection, combustion is so
clean that the converter has little to do and the difference hetween the inlet and outlet
temperalure may only be 30 degrees F at 2.500 rpm which is a lot less than the old
rule of thumb that says a good converter should show at least a 100 degree ©
difference fore and aft at eruise. At idle, the converter in many late-model vehicles
may cool off s0 much thal there's almost no measurable difference in fore and aft
lemperatures. S0 checking cxhaus| temperatures fore and all of the converter at idle
and 2,500 rpm may not be the most accurate way Lo determine if the converter is
working or not,

One thing temperature measurements, is if the converter is working too hard. An
mnfrared non contact pyrometer or a temperature probe if the converter is running
unusually or dangerously hot. If the converler autlet temperature is 200 or mare
degrees higher then the inlet lemperature, it means the engine is running rich and
there's a lot of CO in the cxhaust thal needs to be burned. A rich fuel mixture will
often produce a "rollen egg" odor in the cxhaust (the smell is hydrogen sulfide).
Underlying problems may include an engine management syslem that is not going
into closed loop (check the coalant and oxyzen sensors, or for a thermostal stick in the
open position), plugged PCV valve, or excessive fuel pressure (had fuel regulator).
High CO levels in the exhaust can also be caused by an inoperative air pump system.
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If the outlet temperature is a lot hotter (more than 300 degrees F) than the inlet
temperature, it indicates unburned fucl in the exhaust. The most likely cause would he
ignition misfire (fouled spark plug, shorted or open plug wire, crucked distributor cap,
arcing rotor or weak coil), or a compression leak (burned cxhaust valve). But other
causes may include lean misfire (check for vacunm leaks, leaky EGR valve, low fucl
pressure or dirfy injectors). A single misliring spark plug can cause an increase in HC
emissions of 2,500 or more parts per million, which can push the converter's operating

temperature well above its normal runge [3].

3. 8 Causes of catalytic converter plugging

Prolonged overheating or short term severe overheating arc the leading causes of
calalytic converter plugging. The underlying couse here is ofien fouled or
misfiring spark plugs, or a burned exhaust valve that lcaks compression and allows
unbumed fuel ta pass through the combustion chamber into the cxhaust.

The average light olT temperature at which the catalytic converter begins to function
ranges from 400 to 600 degrees F. The normal operating temperature can range up 1o
1,200 to 1,600 degrees F. But as the amount of pellutants in the exhaust goes up, so
does the converter's operaling temperature. If the temperature gets up around 2,000
degrees F or higher, several things happen. The aluminum oxide honeveomb begins to
degrade and weaken. The platinum and palladium coating on the honeycomb also
slarts Lo melt and sink into the ceramic substrate reducing its effect on the cxhaust.
This accelerates the aging process and causes the converter to lose efficiency.

If the overheating condition persists for a long period of time, or if the temperature
soars high enough. the honeycomhb itself may breakdown and melts forming a partial
or complete obstruction and causing a sharp rise in backpressurc. A complete
blockage will cuuse the engine to stall shortly afier starting, and will not allow
exhaust to exit the cngine.

Some degree of restriction inside the converter honeycomhb can also be caused by
accumulated deposits: phosphorus from oil buming and/or carbon [rom oil burning, a
rich fuel mixture or frequent short trip driving where the converter rarcly reaches
light-olT lemperature). Physical damage to the honeycomb as a resull of road hazards
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or severe jolts may cause the relatively bnttle ceramic honeycomb to break or
erumble inside the converler shell, A rattling noise when you shake or thump the
converter would tell vou there's loose debris inside. An undamaged monolith

converler should make no noise.

3.9 Causes of catalyst fouling

To clean the exhaust, the catalyst inside the converter must be exposed to the hot
cxhaust pascs. Lead, phosphorous and silicone ean contaminate the catalyst and
prevent il from working its magic. Lead used to be the most common contaminant,
but is no more sinee it was climinated from gasoline. Phosphorus is still a threat, and
comes from molor ail. So if an engine i1s buming oil because of wom valve guides or
rings, phosphorus will shorten Lhe life of the converter. Blue smoke in the exhaunst and
an emissions failure are pretty good clues thal the converter has been fouled with
phosphorus.

The new "SI" rated motor oils contain less phosphorus than earlier SH rated oils. The
difterence isn't much (about 20% less compared (o SH oils), but over time the lower
level of phosphorus reduces contanunation to extend the life of the converter.

Silicone can find its way inlo the exhaust if the engine develops an internal coolant
leak through a crack in a combustion chamber or a head pasket. Silicone will roin the
oxyzen sensor as well as the catalytic converter, so chances are 1f the converter has
heen fouled the O sensor will also need to be replaced. White smoke in the exhaust is
a cluc that there's an internal coolant leak.

3.10 Catalytic converter operating efficiency

If a converter is not plugged and passes exhaust normally, and there are no other
enging performance problems (lucl, ignition and compression all OK, and the

computer going into closed loop), but HC and CO levels in the exhaust are higher

than they should he, the converter may be louled. Most original equipment converters




are designed for a serviee life of well beyond 100,000 miles, so if the converter has
failed at low mileage contamination may be the culprit.

Checking converter operating efficiency can be done several ways, One "low tech"
method is to make the fuel mixture momentarily rich by disconnecting the MAP
sensor, or by creating excess HC in the exhaust hy disconnecting and grounding a
plug wire. Either condition should make the converter's operaling lemperature rise
sharply, with the outlet temperature rising several hundred degrees aver the inlet
temperature. No change in temperature would tell vou the catalyst is fouled and
nothing is happening. Do not mun this test for more than about two minutcs because
there's a nsk of overheating and damaging whal might be a good converter. Also,
disconnecting the MAP sensor will likely set a trouble code, and on OBDIl-equipped
vehicles pulling a plug wire may set a misfire code.

The better approach is to read the composition of the exhaust gases with a 4- or 5-gas
exhaust analyzer. Checking emission readings at the tailpipe will tell you whether or
not they are within normal ranges and help vou diagnose the cause if emissions are
high. Doing a "cold start" emissions check when the engine is first started will tell you
if there arc any cngine problems that nced attention. A cold start, in this situation, is
when the converter has cooled down for at least 20 minutes. Tt will take a couple of
minutes [or the converler o warm up to lighl off temperature, so during this time you
have a relatively clear window of what's coming owl of the engine. When the
converer reaches operating temperature, there should he a measurable drop in HC
and CO rcadings (thc amount will depend on how dirty the baseline readings were).
No change in readings would indicate a dead converter.

Another test is to create a momentary rich condition or a misfire (as described earlier)
to see if the converter can clean it up. As the converter starts to react to the axcess
pollutants, its operating temperature should go up as the tailpipe emission readings
come down.

Calalytic converler is a device used lo reduce the toxicity of emissions from an
internal combustion cngine. It is a stainless steel box mounted in the exhaust system.
Inside is a catalyst on a ceramic or metallic support protected from vibration and

shock by a resilient ceramic or metallic ‘mat’. The catalysts are combinations of

platinum, palladium and rhodium.
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4.1 Tntroduction

As the demand for autnmotive elactromic syslems grows, s0 does the need for accurare and
reliahle sensor eomponents that provide data for these svstems. Passengers today are benefiting
frorn comprehensive safety packages and a host of other convenient and practical features that all
rely on sensor technology,

Electronic sensors ensure that new wehicles are the safest cars on the road. Some cxamples of
sensor lechnology mclude. The number of senscrs used in antomobiles has risen dramatcally m
the Jast decade. Current vehicles can contain 50-100 of them and (his number is conlinually
growimg. The inlegraion ol these sensors allows vehicles to listen and react w0 the environment
and provides the driver with countless henelils. LThe advent of sensor-driven technnlogy has
created a pressing need for new standards o provide for interoperubility, compatibibty and
interchangeability [4]. Therefore, we will offer some of the sensors on the air streams entering
into the combustion chamber and exit of air from the exhaust stream in the car.

4.2 Sensor Concept

An electronic device used o measure a physical quantity such as temperature, pressure or
loudness and convert it into an electronic signal of some kind (e.g. a voltage). Sensors are

normally components of some larger electronic system such as o computer control and/or

measurcment system | 5

Analog sensors maost often produce a voltage proportional to the measured quantity, The signal
must be converted ta digital form with an ADC belore the CPU can process it
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4.3 Oxygen Sensors
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Figure (4.1)
Chovgen Sensors

The computer uses the oxygen sensor input to regulate the lucl mixlure. which is referred o as
the fuel "feedback control loop." T'he computer takes its cues {rom (he O sensor and responds by
changing the fucl mixture. This produces a corresponding change in the O sensor reading. This
is referred to as "closed loop” operation because the computer is using the 0s sensor's input to
regulate the tuel mixture. The resull is a constant Mip-Nop back and forth from rich o lean which
allows the catalytic converter (o operate at peak efficiency while keeping the average overall fuel

mixture in proper balance to minimize emissions, It is a complicated sctup but it works.
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When no signal is received lrom the (); sensor, a8 18 the case when a cold engine is first started
(ur the O; sensor lails), the compuler orders a fixed (unchanging) rich fuel mixture. This is
referred to as "open loop" operation beeause nu inoput 15 used from the () sensor Lo regulate the
fuel mixture,

If the engine fails to o into closed loop when the (3, sensor reaches operating temperature, or
drops out of closed loop becanse the Oy sensor signal is lost, the engine will mn oo rich cansing
an increasc in [uel consumption and emissions. A bad coolant sensor ¢an also prevent the system
from going into closed loop because the computer also considers engine coolant temperature

when deciding whether or not to go into closed loop.

4,3.1 How an oxvgen sensor works

The 0 sensor works like @ mimiatore generator and produces ils own voltage when it gets hol.
Inside the vented cover on the end of the sensor that screws mio the exhausl manifold is a
zirconium ceramic bulb. The bulh is coated on the omside with a porous layer of platinam. Inside
the bulh are two strips of platinum that serve as electrodes or contacts.

The outside of the bulb is cxposed to the hot gases in the exhaust while the inside of the bulb is
vented internally through the sensor body to the outside atmosphere. Older style oxvpen sensors
actually have a small hole in the body shell so air can enter the sensor, but newer stvle O sensors
"breathe” through their wire conneclors and have no vent hole. It is hard to believe. but the tiny
amount of space between the insulation and wire provides enough room for air to seep into the
sensor (for this reason, grease should never be used on (); sensor connectors because it can block
the flow of air). Venting the sensor through the wires rather than with a hole in the body reduces
the risk of dirt or water contamination that could [oul the sensor from the inside and cause 1l W
fail [5].

The difference in oxygen levels hetween the exhaust and owtside air within the sensor causes
voltage to flow through the ceramic bulb, The greater the difference, the higher the voltage
reading.

An oxygen sensor will typically generate up Lo aboul 0.9 volts when the fucl mixture is rich and

there is little unburned oxygen m the exhaust. When the mixture is lean, the sensor output
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voltage will drop down to about (1.2 volts or less. When the air/fucl mixture is balanced or at the

equilibrium point of about 4.7 1o 1, the sensor will read around 435 volts.
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Figure (4.2)

(Oxyeen sensor switching voltage

When the computer receives a rich signal (high voltage) from the () sensor, it leans the fucl
mixture 10 reduce the sensor's feedback voltage. When the O sensor reading goes lean (low
voliage), the compuler reverses again making the fuel mixture go rich. This constant flip-
flopping back and forth of the fucl mixture occurs with dillirent speeds depending on the fuel
system. The transition rate is slowesl on engines with feedback carburetors, typically once per
sepond at 2500 rpm. Engines with throttle body mjection are somewhat fagter (2 to 3 times per
second at 2500 rpm), while engines with multi porl injection are the fastest (5 to 7 times per

second at 2500 rpm).

The oxvgen sensor must be hot (about 600 degrees or higher) before it will start to generate a
voltage signal, so many oxygen sensors have a small heating clement inside to help them reach

operating temperature more quickly, The heating element
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4.4 Carbon Monoxide Sensor

Figure (4.4)
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Sensor Response
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Figure (4.5); Sensor Response

key Benefits

+ High sensitivity to CO (0.5 to 500 ppm).
* Low power consumption,

* Long lifetime.

* Small size for convenient installation,

* Long term stability.
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Tvypical Applications
* Carbon menoxide monitoring and leakage detection gases

4.5 Carbon Monoxide (1TGS) Sensor

Figure (4.6 TGy- 822

The sensing element of Figaro gas sensors is a tin dioxide (Sn()z) semiconductor which has low

conductivity in clean air. In the presence of a deteclable ag, the sensor's conductivily increases
depending on the gas concentration in the air. A simple electrical vircuit can convert the change

in conductivity to an output signal which corresponds to the gas concentration.

The TGS 822 has high sensitivity to the vapors of organic solvents es well as other volatile
vapors. It also has sensibivily Lo @ varicly of combustible goses such as carbon menoxide, making
it a good general purpose sensur. Also available with a ceramic base which is a highly resistant
to severe environment as high as 200°C (model# 1GS 822).

The fipure below represents typical sensitivity characteristies; all dala having been gathered at
standard test conditions (see reverse side of this sheet). The Y-axis is indicated as sensor
resistance ratio (Ra'Ro) which is defined as follows:

Rs = Sensor resistance of displayed gases at various concentrations

Ko = Sensor resistance in 300ppm cthanol
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4.5.1 Sensitivity Characteristics
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Figure (4.7): Sensirivity Characteristics
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4.5.2 Structure and Dimension
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Figure (4.8)! Structure and Dimension

| -Sensing Element: SnQ), is sintered to form a thick film on the surface of an alumina ceramic
tube which contains an internal heater.

2- Cap: Nvion 66

3- Sensor Base: Nylon 66

4- I'lame Arrestor: 100 mesh SUS 316 double EAuzZC

4.4.3 Pin Connection and Basic Measuring Circuit

The numbers shown around the sensor symbol in the circuit diagram at the right correspond with
the pin numbers shown in the sensor's structure drawing (above). When the scnsor is connecled

as shown in the basic circuit, output across the Load Resistor {VRL) increases as the sensor's

resistance (Rs) decreases, depending on 2as concentralion sensor,




4.5.4 Basic Measuring Circuit

GhND o

I

-

Figure (4.9): simple circuit sensor

4.5.5 Stundard Circuit Conditions

O

Table (4.1): Standard Cireuit Condilions

o

ltem Symbol Rated Values Remarks

Heater Voltage Vi 5.0<0.2V ACor DC

. s ARih DC only
Circult Voltage o Max_ 24 Pa<15mW
Load Reslstance AL Variable 0.45k0 min.
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4.5.6 Standard Test Conditions

T(38 813 complies with the above electrical characteristics when the sensor is tested in standard

conditions as specified below:
Test (qas Conditions: 20°+2°C, 65+5%R.H
Circuit Conditions: VC = 10,001V (AC or DC), VH = 5.0+0.05V (AC or DC),
Rl =4.0kf}=+1%
Preheating period belore testing: More than 7 days
Sensor Resistance (Rs) is calculated by the following formula:
Res=({(Ve/VRLY—1) x RL 4.1)

Power dissipation across sensor electrodes (Ps) is caleulated by the following formula:

Vel xis

Ps = TREL R (4.2)
CcO
RPM before (V) after (V) temp(C?)
PO cal.con. cat.con.

750 9.30 1.33 . 56.00
1000 10.20 1.28  76.00
1500 10.57 1.09 92.00
2000 11.47 0.93 _117.00
2500 10.90 0.87 143.00
3000 10.30 ~ 0.85 151.00
3500 10.20 1.10 197.00

Table (4.2): Voliage signal owt [rom TGS at different condition.
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Table (4.3): values of RS & PS at different condition.

RS | PS
RPM | before | after | before | after |RL(KR)| VC(V)
750 0.15 | 636 @ 60.75 | 19.74 | 0.45 12 |
1000 0.18 | 838 @ 6475 | 1549 | 045 12
1500 | 0.14 | 10.01 | 56.87 | 13.18 | 0.45 12
2000 0.05 | 1190 | 27.02 | 11.23 | 045 12
2500 0.10 | 1279 | 47.88 | 1050 | 0.45 12
3000 017 | 13.12 | 6283 | 1026 | 045 12
3500 0.18 | 991 | 6475 | 1330 | 045 12
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5.1 Background

Emissions of NOx and particulate matter (PM) are of primary concemn for both dicsel and
gasoline vehicles to meet future emissions standards. Diesel vehicles have significant advantages
over their gasoline counterparts including 8 more efficient engine, higher fuel cconomy, and

lower emissions of HC, CO, and CO;

Control of NOx in the vehicle is not a trivial task due Lo the high oxygen content of the exhaust
gas. Such high oxygen fuel systems are typically relerred Lo as lean burn systems, In such lean
burn systems, NOx control is more difficult because of the high (O concentration in the exhaust,
making conventional three-way catalysts imeffective. The awvailable technolpgies for NOx
reduction in lean environments include Selecrive Catalvtic Reduction (SCRJ, in which NOx is
continucusly removed through active injection of a reduetion over a catalvst and Lean NOx
Traps (LNT), which arc matenals thal adsorb NOx under lecan comdilions and must be
periodically regenerated by running under nich conditions. Technologies utilizing an ammenia
based reduction. such as agueous urea, have shown potential in achieving high NOx conversion

with mimmal fuel economy penalty.

Urea Injector SCR Convertar

SCR Control Unit —Urea Tank

Figure (3.1} previous application of urea injeciion in diesel vehicles.
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Selective Catalytic Reduction (SCR) with ammonia as the reduction has been used extensively
for stationary source NOx control. The high selecrivity of ammonia for reaction with NOx in
high 0 environments makes SCR attractive for use on diesel more than on gasoline vehicles,
Compared 0 ammonia, agueous urca 15 much casier for use onboard a vehacle, Although such
SCR catalysts show preal potential for NO , control, utilization of such catalysts are sdversely
affecied by the presence of hydrocarbons in a vehicle exhanst. Spevifically, hydrocarbons are

known to poison most SCR catalyses[7].

5.2 Urea structure and Application

Lirea CO{NII2)» , is an orgamc chemical compound which essentially is the waste produced
when the body metaholizes pratein. It is a compound not only produced by humans hut also by
many other mammals, as well as amphibians and some fish. {/rea was the first natural compaound

to be synthesized artificially using inorgamc compounds a scientific breakthrough.

Synthetic urea is created from symthetic ammoma (NH3) and carbon dioxide (CO2) and can be

produced as a liquid or a solid.

Lirea (CO{NH:)2) is easier to handle and store than (he more dangerous ammonia (NH;). In the

process it reacts like ammonia:

COMNHz)p: = HiO —— 2NH; +CO: (3:1)

[lrea is also the same organic compound found m unne, which has forced dovers (al least most
drivers) to pause for bio-breaks ever since the car was invented. It turns out that urea, which is
heing sold under the more marketable name “diesel exhaust fluid,” is also a chemically efficient

way to reduce nitrogen oxide emissions[#]
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In the fig (5.2) explain the main idea of work that previous application of Sefective Cataiviic
Reduction (SCR) in diesel vehicle

SCRCaralvm Exbauzt Gaz Ingector

- -

Filrer '
--——*. | .

Agueous LUrea Tank  enrrod Syarern

Eugine

Figure (3,2} previous application of wrea injection in diescl moior.

5.3 NOx Optimizer Injection of Urea CO(NH;),

8.3.1Features and Benefits

NOx is reduced by injection of urea imto the catalytic converter , Pulverized urca 1s fed with air
v the upper combustion chamber. The urea reacts with flue gases NO and NO2 producimy
nitrogen gas, vaponzed waler and carbon dioxide. The reaction speed and ellicicncy are highly
dependent upon the reaction temperature.

The reaction has a clear optimum at 950 - 1000°C. There is a passibility of NHy slip if the
temperature is lower than the optimum: while at higher temperatures the reaction efficiency

decreasas rapidly.
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The application of selective control reduction (SCR) has many benefit:

«  Optimum NOx reduction .

» NoNllyshp.

s  Minimum amount of wasted reactants _
« [asyto handle

«  No malodor problem.

» No requirement for secondary treatment

5.3.2 NOx Reduction Reaction

I'he most important cquation occurs in this system to reduction NOx i3
4NH, + 6NO ——» 5N; + 6H;0 (5.2)

ENH: +6NO: —— TNa ¢+ 1211;0 (5.3)

5.3.3 Urea Injection Requirements

The application of selective control reduction has many requirements must take into account:

« Inject sufficient ursa to convert NOx at maximum conversion rate,
* Avoid excessive urea to minimize NH; slip.

* Control urea mjection rate to match the NOx emission peaks and dips.

5.3.4 Solution Experiments

There are two way o solution of urea :
= Binary solution: UREA / Walter.

+ Ternary solution: URTA/Tthanol/Water.
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Chapter Six

Building P roject and Result

= [nfroduction,

= principle Work of Projecl.

¢ Electncal system for sensors.
¢ Dala and Signal Mandling,

= FEfficiency of Catalytic Converter.
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6.1 Introduction

In the selective control reduction (SCR) system has been applicd the system to diesel vehicle in
this project has been designed and applied on a gasoline vehicle (Hyundai Getz 2003)

to limit and reduce the concentrations of nitrogen oxides (NOx) from the exhaust outside.

After apply the system on the vehicle mentioned was aceess to good results up to 60% efficiency

using urca injection only.

Development the system by installed (CQ) sensors before and afler the converter lo measurc the
concentration of CO gas evaluate performance of catalytic converter. Since these SENSOrs were

not present in the vehicles before.

6.2 Principle Work of Project

This experimental work is based on installing gas analysis svstem {carbon monoxide sensor) at
lhe inlet and outlet of catalytic converter for measure the efficiency (performance) of the
vatalytic converter this would assist in sugwesting performance improvement measure . The
carbon monoxide (CO) sensars recond the voltage signals before and after calalylic converter, the
resulting data between inlet and outlet is deferent to decreasing this is indicator 1o the efficicncy

of catalytic converter . as shown in lifl side in the fipure (6.1 )-

Also to reduce toxic gas ol NOx, the urca is first mixed with waier shour 33% then it is purmped

using clectrical pump and pass through urea filter then the pressure is measured by pressure

HAlge.

The mixture injected inside catalytic converter by using injector controlling manually that mject
at pressure 3.7 bar, by pressure regulator is regulate pressure of  the system to mainlain the

system pressure about 3.7 bar ta avoid damage the system , the figure (6.1) explain idea work of

the project.
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Figure (6.1). flow sheet of the project
Component of System
1- Urea Tank 9- Urza Injector
2- mixture of Urea & water 10- Catalytic Converter
- Electrical Pump 11- gasaline Engine
4- High Pressure Pipe [ 2- Emission Pipe before Cat. Con.
5- Ulrea Filter 13- Emission Pipe before Cat. Con.
- Pressurc Gauge 14- C() Sensor before Cat. Con

7: Prossurc Regulator 15- CO Sensor after Cat. Converter

8- Return Pipe
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When urea mixture is injection it is vaporized then it dissociation to ammonia (NH:) and carbom
dioxide as equation (6.1) .

CONHop» + HoO —— 2NH; + CUs (6.1)

6.3 Electrical System For Sensors

In this project have been desipned and installed CO sensors on the mlet and outlet of the
vatalytic converter through which measured CO gas concentration to cvaluate the performance
of the catalvtic converter . Were connected the circuit and provide sensors supply voltage [rom

the vehicle battery as shown in figure (6.2).

A connection circuit drawing by circuit maker program of carbon monoxide (CO) sensor 1o
measure the concentration of carbon monoxide that exit from the internal combuslion engine
explain in the figure (6.2), and recard the signals of carbon monoxide {CO) scnsors before and
after catalytic converter expressed output signals and taken two devices voltmeter. The signal ]

indicate Lo signal out from sensor hefore catalytic and signal 2 indicate to signal oul from sensor

aller catalytic.
L:' el
Eignal 1 L E i'"
G K Figure (6.2);
= et Simple circuit
d: for carbon
monoxide sensor
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6.4 Data and Signal Handling

The output signals from carbon monoxide scnsors that it result when do the experiment side of
the project is explain in the rable (6.1) ; from this table were noted signal of carbon monoxide
sensor belore catalytic converter is high-value but signal of carbon monoxide sensor afler

catalytic converter is low-value, This result proves the cfliciency of catalytic converter

Table (6.1): CO signal versus engine speed (before and after catalytic converter)

Where temperature: indicator 1 room tetnp. sensorg

CO signal before | CO signal after 1)
HEM cat.g?:]nn(\«’) cat .ﬂﬂm Temp(Cs)
750 10.4 1.63 56
1000 10.2 1.28 76
1500 10.57 1.09 92
2000 11.47 0.93 117
2500 10.9 0.87 143
3000 10.3 0.85 151
3500 10.2 | 1.1 | 197
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14
== hefore cat. con.

=~ after Cat. Con. 12

s ‘“—0""'.’/"\“\"""‘""-———'
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500 1000 1500 2000 2500 3000 3500 4000

RPM

Figure (6.3): Signal of CO sensors (in volt) versus engine speed before and after cat. Converter

This curve shows the relativnship berween engine speed and a signal voltage that resulted when
it was done experimentally, also been abserved through the readings from the experiment that
the curve before the catulylic comverter is high but when we record the data after catalvtic

converter we notice that is low ,this explain the clficiency of catalytic converter.

6.5 Efficiency of Catalytic Converter

In this project was caloulated efficiency of catalytic converter by two method

6.5.1 Efficiency By Using Carbon Monoxide Sensors

The equation that expresses the elliciency of catalytic converter is:
ECOF(CO in-CO out) CO in)* 1007

Irom this equation we can calculate the efficiency of calalylic converier as shown in (he
table(6.2) .
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Fable (6.2): Efficiency of cai. Con. By CO sensors

| CO cat.con
RPM CO signal CO signal after Efficiency %
before (V) (V) :

750 10.4 1.33 87

1000 10.2 1.28 87 N
1500 10.57 1.09 90

2000 11.47 0.93 92

2500 109 0.87 92 gl
3000 10.3 (.85 92

3500 10.2 1.1 [ 89

The resulted data that outpul when doing the experiment as shown in the teble(6.3) below, notice
that the value of carbon monoxide, hydrocarbon and oxide of nitrogen before cat. con. is high-

value but aller catalytic converter is low-value _this explain the efficiency of catalytic converter |

Table (6.3): construction of emission { CO), (CO2)and (HC)

CO% | CO% | CO% | cope | HC | HC
REM ppm | ppm

before | after | before after | before | after
| 750 0.64 0.34 6.55 | 4.04 58 42
1000 0.51 0.21 5.53 5.81 55 38
1500 0.44 | 0.08 4.97 6.57 55 36
2000 0.59 0.09 536 | 8.44 56 T
2500 0.44 0.03 5.56 8.16 57 36
3000 0.4 0.04 6.06 | 847 54 41
3500 0.42 0.05 5.94 | 7.59 60 43
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From the wble (6.4) we can draw three carve as shown in the figure (6.4). (6.5) and (6.6)
respectively

Where; figure (6.4) explain the relationship belween engine speed and carbon monoxide
emission, figure(6.5) cxplain the relationship between engine speed and carbon dioxide emission

and the last figurc (6.6) ¢xplain the relationship betwesn engine speed and hydrocarbon.

From these figures we notice that the emission before catalytic converter is normally high but

after catalytic converter is low.

o7
——hefor
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0.4 -

CO%
A
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| RPIW

Figure (6.4).; CO emussion versus engine speed (before and after catalytic converter)
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gure (6.3): CO2 emission versys engine speed (before and after caralytic canverier)
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Flgure (6.0): 1TC emission versus engine speed (before and afier catulvtic converter)
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T'he table (6.5) is very important to explain the main idea of

the praject; this table explains how

lo reduce NOx emission by using the urca when injection it inside catalytic converter, we record

NOx emission using gas anal yzer before and after catalytic converter, the value o NOx belore

catalylic converte

converter is low nearly 40%.

Table (6,4);

injection urea)

r is normally high, but when mjection the urea the value of NOx aller caralytic

NO= versus engine specd (before and afier catalytic converter wio and with

NOx before cat.con. After cat.con.
RPM before without injection | with injection
cat.con(ppm) ured(ppm) ured(ppm)
750 320 187 48
1000 424 380 79
1500 520 430 146
2000 568 480 257
2500 690 414 352
3000 754 406 344
3500 793 215 116




900
—&—betore cat.con.

400

=8 o\w inection ureg
00 -

with injection urea
G0Q
500 -

L L

NOX ppm

300 4

200 -
100

o
500 1000 1500 2000 £500 30a0 3500 4000
RPM

Figure (6.7): NOr emission versus engine speed (before and after catalviic converter w/o and
with injection urea)

6.5.2 Efficiency By Oxide of Nitrogen

The equation that expresses the efficicncy of catalytic converter is:

EINOx)=((NOx in-NOx out)NOx in)*100%

From this equation we can calculate the cfficiency of catalytic converter a5 shown in the table
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N{ Ox cat. Converter | Efficiency %
after w/o | after with & i
o before | injection injection ;gdnhli:; m;i;;dd
urea urea '
750 320 187 48 42 85
1000 | 424 380 79 10 81
| 1500 | 520 430 146 17 o
2000 | 568 480 237 15 55
2500 | 690 414 352 40 45
3000 | 754 406 344 46 e
3500 | 793 | 215 | 116 73 85

Table (6.3): Efficiency of system with and with oul injection wrea to reduce NOx




Figure (0.8) sample resull data of the project by gas analyzer




Figure (6.10) Injection system of urea

o

T ,‘

Figure (6.11) Mixture Urea and water
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Chapter Seven

Conclusiﬂn and Recommendations
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7.1 Conclusion

Conelusions reached in this project included the following:

¢ Development the system hy installed (C0) sensors before and after the converter lo
measure the concentration of CO gas evaluate performance of catalytic converter. Since

these sensors were not present in the vehicles before.

¢ This experimental work is based on mstalling gas analysis system (carbon monoxide
sensar)  at the inlel and outlet of camlyvtic converter for measure the efficiency
(performance) of the catalytic converter this would assist in suggesting performance
improvement measure . The carbon monoxide (€O) sensors record the voltage signals
before and after calalytic converter, the resulting data between inlel and outlet is deferent

to decreasing this is indicator to the efficivncy of catalytic converter,

*  Also to reduce toxic gus of NOx. the urea is mixed with water about 33%, |
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7.2 Recommendations

The recommendation reached in this project ineluded the following ;

[

i

> othoe

Carbon monoxide sensor cannot withstand temperatures above 200 ° C

Using the injector of urea that withstands temperature ahove 700 ° C,

To be controlled m the njection of urea is electronically.

Enter the signal of carbon monoxide sensor to the electronic control unit{ ECTJ),

Pravide cooling for the carbon monoxide sensors.

controlled manually injector of urca leads to increase the proportion of urea within the

catalytic converter and causing it 1o produce NH, slip.
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Appendix A
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Dimensions
Chip si7e: 2x2 mm
Including header: O 10 mm, height: 11 mm

Operativnal Conditions
Operation temperature range: 250°C - 300°C

Typical vperation temperature: 270°C

Environmental Conditivns

Ambient temperature range: -407C - 120°C (lower than op. temp.)

Ambient humidity: 0-95% RH

Electricul Characteristics
Power consumption: 33 mW at 270°C

Typical sensor resistance during

operation in air (50% RH): 100 k2 range
Typical sensor resistance during

operation in 30 ppm CO (50% RH): 1 k¥ range

Signal output component: Resistance

Heater

Typical heater voltage: 23V for 270°C
Temperatare coefficient rel. (o R(20°0): TC A 700 ppm/K
Typical heater resistance at RT: 954

Sensiny Properties

Concentration range: Can withstand 1% CO in air
Sensitivily range: 0.5 - 500 ppm

1ypical response / recovery time: Seconds

Expected hifetime: Ycars

Urnss sensitivily: Limited cross sensitivity to water




Packaging Options
Slandard TO-39 (solid TO-5) package with proteetion membrane.

Pre-mould packages.

Chip on hoard solutions.

Restrictions:

Conlact of the sensitive laycr wilh liguids shall be avoided
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