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ABSTRACT

In a Fluidized Bed Reactor, which can be operated tillaximum of 500C, abatement of
Oxides of Nitrogen needs to be done. The bed material chosen is manganese ore. The main
fluidizing gas is compressed air and the oxides of nitrogen are fed as the secondary fluidizing
fluid. The oxides of itrogen are prepad in the Bboratory itselfAlong with the oxides of
nitrogen, sulphur dioxide is also fed as the secondary gas for some of the experiments to
check its effecon the abatement of oxides afrngen. Other than that temperature is also
varied to see its eftt. The residence time is another factor on wheality of fluidization

depends hence it is also varied to check its effect on the abatement of oxides of nitrogen.
Finally the characterization of the bed material befand after fluidization is donard
compared to confirm the reduction in the quantity of oxides of nitrogen from what is initially

fed to the Fluidized Bed Reactor.
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CHAPTER 1

INTRODUCTION
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I ntroduction

1.1 Abatement of Oxides of Nitrogen (NG)

There has been an enomsoexpansion in the emission of oxides of Nitrogen due to
agricultural fertilization andndustrialemissions. Mric oxide (NO), nitrogen dioxidéNO,),

and nitrous oxid€N,O) are included in the oxides of Nitrogen (NOTheir lifespann the
atmospheraanges from 1 to days for NO and N® NOy gasses are formed whenever
combustion occurs in presence of Nitrogdiiric Oxide is colourlesgastéess anddoutess

and is nortoxic, butwhenin contact with air it rapidlygets convertetio Nitrogen Dioxde.
NO, is a reddish brown in colour and haguangent irriating odour.Important component of

smog includes N©®

NOy emissioncontributes to the developmerdf fine particles and ozone smog that
causes illness deaths and environment problems.niinly impacts respiratory conditions
causing inflammation of airways, causing irritation, coughing and pain while taking deep
breaths. It can also cause inflammation, whglmore like the burn caused on skin due to
sun. Asthmagets aggravated and vulneralyilito respiratory iliness like bronchitis and
pneumoniaincreases Allergens response also gets aggravated by these oxilgate
particles and oxides of nitrogamduces visibility by locking the transmission of light

Repeated exposures may also cqesenanent damage alterations in th@ings.

Also, these oxides can have adverse effects on both terrestrial and aquatic ecosystem.
It contributes tasmogformation It is ground level ozone. WheMOy reacts with VOCsn
presence of sunlight and heat,&mis formed VOCs are volatile organic carborPeople
who come in regular contact with this are susceptible to adverse effects seducnin
function of lungs and lung tissue getting damaged. Vegetation may get damaged which

causes the crop yiekb reduce. Acid rairoccurs due to the presence of these oxides in the
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atmospherelts reaction with aeriasubstanceforms acids, and italls ionearth as rain, dry
particles, or fog. Acid raincauses deterioration and damage of buildings, historical
monuments and locomotives. Because of this water bodies becomes acidic, which makes it
inhabitablefor aquatic animalsThe chemical balance of nutrients which is used up by
animals and plants in water bodies gets upset by the presence of more nititzegerare

also greenhouse gasses, aadses a slow rise in the temperature of earthgets deposited

in the atmospheralongwith othergreenhouse gasses.

One of the newegechniquefor reducing theoxides of nitrogenn the atmosphere is
theFluidizedBed method. This project targets on this very technology, to abate, from the flue

gas that comes out as gaseous effluents, the oxides of nitrogen.
1.2 Fluidised Bed Technology

Fluidization isa process similar to liquefaction andtiee phenomenonin which solid particles get
transformed into a fluid like state through suspension in a liquid or gas. The bed particles behave
completely like fluidsAs the thickness of the bed can be changed by changing the fluid part,
objects with diverse densities similar the bed can, by modifying either the liquid or solid
fraction, be caused to sink or flodtluidized bedis widely used in variougdustries. The

technology of Fluidized Bed has variaawantages thawther methods

1.2.1 Advantages
The advantagesf havinga Fluidized Bed Reactor are:

1 1t gives a good fluiesolid contact.

1 Under isothermal operating conditions it gives a very good rate of heat and mass transfer.
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1 Circulation between two adjacent reactassfacilitated by the fluid like bedviour (for

exampleregeneration combinaticand catalytic cracking

1 Maintenance cost is low alsdre is no part which moveso the FBRs nota reactor which

is agitated mechanically

1 The reactor saves space as it is mountgtically. For a planstationed at a place which

has high land coshis aspect is particularly important.

1 It is acontinuous processo can process large volumes of fluikhd it is coupled vith

high throughput.

1 For reactions involving exothermic, heat sensitive mathermic reactionghe fluidized

bed is particularly suitable.

1 Even for large scale operatiotie system offers ease of control

1 1t canbe used a®eat exchangers witlow surface arean the bed due to the high heat

transfer within the fluidizetbed.

1 Multilevel operations aralsopossible. Sahe resistance time of the fluid and the residence

time of solidscan be adjusted to desired levels.

1.2.2 Applications

Fluidized Bed Reactor has manyindustrial applications as can be seen in the abov
mentioned advantages. It is usednietallurgy industrynuclear power plantgetroleum,
chemical,and bio-chemical industriesFluidizedBed Catalytic Cracking (FCC) idely

used and important process of refinery for converting less profitab&vyoils into more
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profitable gasoline and lighter productisr Petroleum industryit is largelyusedfor FCC, in

chemical operations likearbonization andasification of coaljron oxide reduction, sulhut
oreds roasting, fermakiezend&empusion mdnaratigpop n, gr
for formation plastic with the help atubber, inthe recovery of aceton@ ol yet hyl ene
formation, to convert hydrocarbonsdtyrenesandin pyrolysis and in physical operations i.e.

s o | drging such ashat of minerals that are crushgmblymers sand,crystalline products,
pharmaceuticalsandfertilizers, using plastic to coat metadsd particles iragricultural and
pharmaceutical industries, fesro | i d 6 s g rt@anspottationgdoaing aral nbdting of

water and in treatment of wastéec F| ui di zat i ondés commerci al anp|
clinker production, reforming, FCC, al umi ni
FisherTropsch processegeneratiorof catalyst, granulation (growng particles)and drying

of yeast fluid coking, waste water treatment by fwox i dat i on process,
transportation like slurry pipeline for coal andoxidation reactions involving solicatalyzed

gas phase reactions.
1.3 Objective of the Work

The objective of the presework is planned as follows:

1 To study the effect of variousystem parametefsemperature and residence tinog)
the abatement of the oxides of nitrogemhea Fluidized Bed Reactor.
1 To analyse the bed material before and dfierreaction.
1 To study the effect on fluidization on passage of sulphur dioxide as the reacting gas

with oxides of Nitrogen.
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1.4 Thesis Layout

The thesis has five chapters
1% Chapter It describes the introduction to research work.

2" Chaper: It gives the comprehensive layout of the abatement techniques used in different
industries for the abatement of oxides of nitrogen (N@ then talks about the selection of

bed material and the details about the bed material and its uses.

3 Chapter: This highlights the experimental sap, materials and methods used for the
abatement of oxides of nitrogen which has been prepared in the laboratory. It also gives the
complete procedure of how the oxides of nitrogen and sulphur dioxide were prepared in the
labaratory. This chapter also gives details about the fluidized bed reactor which was set up in

the laboratory and its various components.
4™ Chapter: The result obtained after the reaction are described ichhijster.

5" Chapter The fifth chapter dealwith the conclusion that have been drawn on the work

done and also gives details about the scope of future work.
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CHAPTER- 2

LITERATURE SURVEY
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LITERATURE SURVEY

Oxides of Nitrogen are a mixture of gasses which are composesygén andnitrogen.
Nitric oxide (NO) and nitrogen dioxideNO,) are the most toxically significant compound.

Oxides of nitrogen emission distributi¢hy.

Agriculture 2%

Industrial \
processes 3% \

Energy production
and distribution 21%

Non-road
transport 7%

Solvent and
product use 0%

Energy use in
— industry 13%

Road =
transport 40%

T~Waste 0%

Commercial
institutional and
households 14%

Fig 1.1 Emission Distributions of Oxides of Nitrogen (NG)

Researchers have developedny methoddor treatingthe flue gas (gaseous effluents) that
contains theoxides of nitrogenNone of the methods that have been found already are
extremelyefficient because of which the research to develop a superior ntetbodg down

the levels of oxides of nitrogen inglatmosphere is still going on.
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2.1. Different methods available for abatement of Oxides of Nitrogen

(NOy):

Various methods that are in uskat abatement of oxides of NitrogeA.summary of these

methods is given below:

2.1.1.Abatement with Hydrogen peoxide: For controlling NQ emissions several methods
are thereFor the treatment of NQone of the most common forisigas scrubbingwith the
scrubbing medium being sodium hydroxide. But it may produce waste water disposal
problem aghe NOy that isabsorbeds converted to nitrate and niei For effective removal
of NOx scrubbing solutions containing hydrogen peroxidewsed and can give advantages
not usable with sodium hydroxid&or exampleto the scrubbing solutiono contaminants
are addedoy hydrogen peroxidand hencdrom the processommercial productgan be
recovered. Mric acid is an example of such a produdditric oxide (NO) and nitrogen
dioxide (NQ), which are the chief components of oxides of nitrogem any industrial
source, are scrubbedtby nitric acid (3545 wt. %) andH202 (0.51 wt. %) 0.37 Ibs and 1.7
Ibs of hydrogen peroxide per Ib of N@nd NO are used. The reaction is fast wher8@OC

range of temperature is maintain@the reactions are:

3NO,+H,0- 2HNO,+NO é Eq.1
2NO+HNO,+H,0- 3HNQ, é Eq.2
HNO,+H,0, - HNQ,+H,O0 é Eq.3
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2.1.2 Selective Catalytic ReductionAt an approprite temperature range of (2d00) °C,
this mehod involves the reaction of NO and bl(@xides of nitrogesNOx ) with ammonia
gas (NH) within a catalytic bedThe species iNO, react with ammonia(NHs), and several

reactions takes place. The dominant reactions are given:below
ANO+4NH,+0O, - 4N,+6H.,0 é Eq4
6NO,+8NH, - 7N,+12H.,0 é Eqg5

In the flue gasNOy mainly containsitrogen dioxide NO,) although som@amount of nitric
oxide (NO) is also present. Ammonia is chemily acsorbed ort h e ¢ aacteelsyrface 6 s
sites, where from the gas phas®©Nreacts.Many catalysts are available based on the
temperature windowVanadium, molybdenum ddes, titanium and tungsten, which are
impregnated on ceramic or metallic substrate are the most conatalyst. TiO, and .05

aregenerallyused andometimesmall amounts dfieavy metals lik&VO; are added1].

2.1.3. Selective NoiCatalytic Reduction: This process is also called thermalNI®, In this
at high temperature of (9a1000) °C reduction ofNOy to N, or takesplace in the fluegas
by reaction withurea, (NH),CO, and ammoniaNHs). Since the process takes place at much

higher temperature,t do es ndt nlheeoderalireagtiorciagivenbsy st .
H,NCONH, +2NO+ %02 - 2N, +CO, +H,0 é Eq.6

In functional application NH3 added substance is infused into the flue gas closer to the
combustion zone than in the SCR process. The effectiventss SNCR methodology relies
on upon a few elements including the NOXx level, temperature, response time, -keagent

gas blending, and NH3/NOx proportifi].
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2.1.4. Fluidized Bed Method:Here, oxides of nitrogen existent in the flue gas are decreased
by passingthe gasthrough a suitable bed material whetlee oxides of nitrogen are
catalyticaly adsorbed on the bed materiBased upon the achievement of a predetermined
bed expansion the beds can be switched hadotocess can be conducted in paralieisu
connected by switching fluidized bed®r more reduction of oxides of nitrogdretprocess

can be done in continuous operation. And hence the oxides of nitrogen can be adsorbed

chemically on the surface of bed material or be reacted to form respeittates or nitrites.

Fluidized bed method is found to be more effective amongditfexent methods used
for the abatement afxides of nitrogenit is due tobettersolid fluid corntact and also due to
the numerous other benefassociated with therinciple offluidization. Solid metal particles

are reuired to be used in the hed this method

In both the chemical reaction and physical preegsgag solid fluidized beds have
been broadly utilized due ttheir superb gassolid contacting and genally uniform
temperature/ concentration profiles inside the bé@s soid circulating fluidized beds? 3]
find wide application in the chemical and process industries, such agzdlidatalytic
cracking (FCC) 4], combustion ], alumina calcining 6], and synthesis of fine chacals
like maleic anhydrided]. More recently, liquidisolid circulatingfluidized beds are also
finding applications in the process industries such as in the synthesis of aranahtlefinic

alkylates [9, 1D
2.2.Manganese Ore as a Prospective Bed Material:

Most of the works of NQand SQremoval focuses on process either for, 88noval or NQ
reduction only, very few for simultaneous reductiofschniques have been developed for
simultaneouDeSQ/DeNQ, and can be cagorizedinto 2gr ou p s 6 dryn anchedt vy :
techniquesln aqueous solutionodubility of nitric oxideis low. So, chemical scrubbings, as
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wet met hod, canot be wused. I n simultaneous
SO and selective catalyticeduction for removal of NQIs considered to be a promising
process [11] Natural Manganese Ore (NMO), which is composed of various metal oxides,
mainly manganese oxide, has the potential to be used as a sorbent catalyst in the simultaneous
removal of SGYNOy and has good abrasion resistance. Also it is low cost and does not need
any kind of pretreatment for its operatiofother than crushing)'he major equation involved

in adsorption of N@:

MnO+ NQO, - MnNG, é Eq.7

2.3 Utilization of Manganese Ore

The uses of NMO ar@) In the extraction of Manganese metal. (i) Removal odekic from
gunpowder using low cost ferriginious manganese ore[11] (ii) Used in Chemical looping
combustion Effect of steam gasification[1Z]jv)to abate fluoride from water[13]. The NMO

can also be utilized for reducing Nénd SQsimultaneously.
2.4 Composition of NMO

A typical manganese ore contains Mn, Si, Fe, Al, Ca, Mg, Zr, and Téte. typical
composition of NMO is given in tabl&(a) [11]. The compositionof manganese ora
different countries igjiven in table 2(b)Y14]. The typical propertis of NMO are given in

table 2(c).
2.5 Material Characterization Technique

In order to understand NMO characteristics, when it is fluidized in the reactor, above the
minimum fluidization velocity various samples are collected at different temperataoes

temperatures, 150°C (423.15K), 200°C (473.15K), 250°C (523.15K) and 300°C (573.15K).
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The reactor takes around 1.5 hrs to reach 300°C (573.15K). The[¥R[pattern of the
mater i al is analysed in a 2d rah$s[16/and20 U t c
Energy Dispersive »Ray (EDX) [17] are used to study the surface morphology and

elemental composition of the samples respectively using NOVA NANO SEM 450.
Tables

Table 2(a): Typical Concentration of NMO

Component Mn SIO, Al>,O3 Fe CaO MgO Balance
Oxygen
of Fe and
Mn

Wt % 51.83 3.13 251 3.86 0.11 0.25 38.31

Table 2(b): Characteristic of Manganese Ore from Different Countries

Exporting Weight percentage, % Standard
country i P/Mn  fraction,
Mn Fe P Si10, ALO; CaO MgO K,O min

Ukraine 21-32 1.5-3.1 0.13-0.21 38.0-40.0 3.4-40 14-29 1421 15-18 0.006 -

Ghana 30-40 1.2 0.06-0.1 10.7-18.7 24-2.6 4.1-45 3.0-32 0.7-1.2 0.002 6-80
Gabon 45-51 3.2-47 0.08-0.11 5.0-7.8 5.5-58 0.1-0.35 0.08-0.2 0.7-1.2 0.002 6-100
Australia 50-57 5-6 0.08-0.1 3.6-115 33-52 0.1-02 0.1-02 0.7-1.2 0.002 3-100

Republic
of South 38-51 5-16 0.02-0.04 3.0-6.5 0.3-09 4.0-11.0 0.3-0.6 0.02-0.1 0.0007 6-75
Africa

Brasilia 43-50 3.3-9.0 0.05-0.12 2.0-8.0 3.7-10.8 0.2-3.5 0.3-3.0 1.0-1.5 0.002 6-75
India 30-40 9.0-20 0.05-0.1 5.0-7.0 5.0-8.0 2.0-3.0 1.0-2.0 NA 0.002 6-100
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Table 2(c): Physical Poperties of NMO

Physical Property Value
Density(gcnt) 3.98
Surface Area(fy™) 20

Pore Volume(crig™)

0.0392(53000A)

Average Pore Diameter(A)

134.36
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CHAPTER 3

EXPERIMENTATION
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EXPERIMENTATION

The mangarge ore which was brought from ac&d supplier First the NMO brought are to

be reduced to the particle size which can be fluidized. Then the preliminary experiments are
carried out using a Perspex column which has the same dimension inside which the actual
reaction is intended to takeapé (Fig 3.). The minimum fluidization velocity obtained at a
particular flow rate is noted. Hence we now can carry the experiment in the actual fluidized
bed at a much higher temperature, using the min fluidization velocity in the Perspex column.
In the kboratory a stainless steel made Fluidized Bed Reactor has been designed. NMO of
definite size is selected as bed material and the change which occurs at the high temperatures
are studied. After that two sets of experiments were carried out where tretdap@repared

nitric oxide and nitrogen dioxide were allowed to mix with the fluidizing gas there by
fluidizing the bed material. In the first case only oxides of nitroggimth ammonia as
catalyst)are used as the fluidizing gas whereas in the secoedogades of sulphufSulphur
Dioxide-SQ,) is also mixed. (S®is also prepared in the laboratory). The bed materials are

fluidized using a compressor.
3.1 Experimental SetUp

The different components of the experimentalsptis shown by Fig 3.@-h) andschematic

diagram of the exgrimental setup is shown in Fig 3.3The compressor at a maximum

pressure of 2 kg is used to fluidize the bed mateFiad reactor and the pipes used to build

up the FBR is made up of Stainless Steel 316 grade and is fabingih the help of

Mechmomine Kolkata and is able to withstand pressures till 5 atm (506625 Pa). The length of
the reactor column in 20.506 (0.5207m) and t |
(0.009906 m) thickness. The reactor is bounded ih et sidesvi t h cones of 40

hei ght a nd ndemal dicdnetdr,0he Bhitknebaing same as the reactor column.
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The removable bolt joint between the cones anddahetor column is provided with iron heat
gaskets to prevent leakage. Aamic heater isonnected to the periphery of the FBR which
is capable of heating the FBR taraximum temperature of 500 (773.15 K).The baseof
the cones are provided with wired meshes of size approximately 40 microns -@Hi)x10
This wired mesh actssahe gas distributor in order to fluidize the bed materidis.reactor

is also provided with two gate valves and one globe valve. gitiee valve isused to
maintain the & flow rate from the compressoBeyond the globe valve there iRatameter
to measure the flow rate of the incoming air, which would fluidize the bed mafEnagate

valves are used to eithallow the gas to circulate or stop it at certain points.

3.2 Materials and Methods

3.2.1. Characterization of Bed Material
The bed materialhich is the NMQis obtained from a local supplieFhe gasses (N@vith
ammonia as catalyshd SQ) were prepared in the laboratory.
Air is used as the primary fluidizing medium for the experiment whereas the prepared
gasses are used as secondasy fhe air flow is maintained using a compressor aniibits
rate is measured using a rotameter.
The NMO sample is analyzed for knowing about different components present in it.
After experiments the bed materials are also analyzed to confirm thesreBudt various
elements present before and after the experiments are compared, and from these comparisons
we can say that the reaction has taken place, due to which the composition have changed.
Bed material, which acts as one of the reactants, is af gnportance without which
the FBR cannot be designédiMO with an average particle size of 360 microns is used. The
small particle size provides adequate fluidization for NMO bed and more surface area for

adsorption of the oxides of nitrogen.

17| Page



3.2.2 Mateial Preparation

The NMO which was brought in form of large stones needs to be made to powdered form for
it to be used as a bed material for fluidization process. Other than the particle size, density
plays the major role in deciding the fluidization claaeaistic. Hence the density of the NMO

was first calculated. The density was calculated by water displacement médthed.
procedure is as follows:

1 Beaker was filled with water up to its brim.

1 The amount of solid was weighed before immersing in the liquid.

1 Solid was then put inside the beaker.

1 The displaced water was collected in a tray.

1 The displaced liquid was taken in a measuring cylinder to measure its volume

1 Density was then calculated by: Density = Mass/Volume.

The density calculation observation aywen in table 3(a). The average value of density
comes to be 3.384 gm.¢m Now since the density comes to be 3.384 gni-cincan be a
Geldart B or Geldart D particle. Since Geldart D particle are not suitable for fluidization (it
may cause spoutinghaqual mixing etc.), we need to make the bed material a Geldart B
particle. The size should be between 40 to 500 microns.

The reduction of size takes place in two steps:

1. Crushing The solid manganese ore which is in the form of large stones are crushed
initially to make it smaller so that it can be grinded to make it a powder. ThHeecrus
used is Jaw crusher

2. Grinding The reduced size of the particles needs to be grinded to get to the required
size (40500 microns). A ball mill was used for shpurposeln each run 30 balls of
equal size are used and ball mill is run for 30 to 40 minutes in a single run. The

repeated runs brought the size of the particles to required size range.
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The powdered material obtained is then sieved to get the exacasgeA sieveshakeris
used for separating the particles according to their mesh sizes. It was observed that the
maximum amount of particles were found in the range of 220 to 500 microns. So this size of
particle is taken for the fluidization purpose.
3.2.3 Vadage Calculation and Calculation of Min Fluidization Velocity
For calculating the min. fluidization velocity from theory as well from the experimental set
up. Although the value calculated from experimental set up is to be used it will be useful to
compae the results when we calculate theoretically. To calculate theoretically we need to
have the value of voidage. The procedure for calculation of voidage is:

1 Weigh a mass of bed material

1 Put that mass of bed material inside the fluidized bed and caldslatdume.

1 From the equation mass = actual vol x density we can calculate the voidage
The observations and results are given in table 3(b).
From table 3(b) the value of voidage comes
fluidization velocity @mes to be 0.057 m/s.
3.2.4Preparation of Gasses
The gasses used in the experiments are nitric oxide (NO), ammonia as catal)saritiH
sulphur dioxide (S€). The experimental setup is given in Fig 3.4The preparation technique
for all three are givebelow:
3.2.41. Preparation of Nitric Oxide
Nitric Oxide is readily oxidized to Nitrogen dioxide when it comes in contact with air. This
experiment was conducted in a wedintilated area. Therpcedurefor the process is

1 Dilute ferrous sulphate solutionas put in a round bottom flask.

9 This solution was then acidified using dil sulphuric acid.

I The above solution was well mixed.
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1 Conc Sodium Nitrite solution was then added and on adding the solution turns dark
brown due to the formation of nitroso ferrousphate.
1 It was then heated in an electrical heater.
1 This nitroso ferrous sulphate on heating produces nitric oxide wiastcollected in
bladder. (Fig 3.b
The overall equation for the above process is:

2NaNQ +2FeSQ +3H,S0, - Fe (SQ), +2NaHSQ +2H,0+2NO  é Eq.8

3.2.4.2 Preparation of Sulphur Dioxide
Copper turnings when heated with conc sulphuric acid gives out sulphur dioxide. The
procedure for the process is:

1 A known and weighed amount of copper turning was put in a round bottom flask.

1 Conc sulphtic acid was then added to it.

1 Heat was supplied through an electric heater

1 The produced SQvas collected in a bladder through the upward displacement of air.

1 The bladder was sexd using a pinch cork. (Fig 3.5
3.2.5 Methods
First the NMO was fluitted for 2 hours in the Perspex column to remove the easily
breakable part to prevent the change in average particldrsite Perspex (Fig 3.2) column
preliminary experiments were carried out to understand the bed behavior when the bed was
allowed to fuidize with atmospheric air. Depending on the observations from Perspex
column experiments same amount of NMO is then fed into the Stainless Steel column to
study the effect of temperatures when the NMO was allowed to fluidize. Various
characterization ere also carried out on the NMO to support it. Depending on the results

obtained, two more experiments were carried out where the oxides of nitrogen (with
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ammonia as the catalyst), in the first case, and sulphur dioxide (along wi#nnd@mmonia
as the atalyst), in the second case was used as the secondary gas.

In the first experiment 500 grams of NMO (320%)0vas fluidized with a mixture of
air and NO produced in the laboratoAmmonia was also added with NO and is uasda
catalyst in the reactio The air was supplied by the compressor and NO ang viire
supplie throughgas bladderin the bladdethe prepared gasses from the laboratory were
stored. The bed 20w0a%E with h tesiderealtimeé af 3dinutes. Tha bed
material was collected aft&0 minutes and characterization was done. The temperature was
then increased to 300 and aresidence time was fixed at 30 minutes. The bed material was
then collected and characterization was again done.

In the second experiment 500 grams of NMO (320%Mas fuidized with a mixture
of air, NO with ammonia as catalyst and sulphur dioxide; S8 was also supd in gas
bladder prepared from the laboratoryhe bed material was collected after a residence time
of 15, 30 and 45 minutes. After that the characterization of the bed material wag dene.

similar procedure as the first expeent was carried out.
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TABLES

Table No 3(a): Density Calculation of NMO.

RUN NO WEIGHT OF | VOLUME DENSITY AVERAGE
THE ORE (gm) | DISPLACED | (gm.cm®) DENSITY
(ml) (gm.cmi®)
1. 250.410 74 3.384
2. 300.02 88 3.41 3.36
3. 275.56 82 3.36
Table No. 3(b): Voidage Calculation of bed material
Mass Circumference Radius of| Height | Area of Crosg Density | Voidage =
Taken of FBR = 2 x| FBR (r)| of Section (gm/cn?) | 1-(m/A x h x D)
(m) (gm) | 3.14 xr (cm) | (cm) fluidiz | (A)=3.14 x ¢
ed bed| (cnf)
(cm)
500 31.25 4.97 5 77.71 3.384 0.619
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Figures

(b) Fluidized State

(a)Non-Fluidized State

Fig. 3.1 Perspex Fluidized Bed
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(a) Front View of the Reactor Column (b) Top View of the Reactor Column

(c) Top view of the cone (d) Front view of the cone
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(f) PID Controller

(g) Compressor
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R

(h) Experimental Setup

Fig 3.2 Different Parts of the Fluidized Be reactor
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Fig 3.3 Schematic Diagram of the Experimental Set Up
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(a)At the start of the reaction

(b) After some time

Fig 3.4 Experimental Setup for the Production of NO and SQ
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Fig 3.5 Gas Bladder containing NO
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