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ABSTRACT

Nano catalytic sulphur removal processis surveyed inthis paper, experimentally. Qualification of Sulphur removal
fromliquefied natural gas processisinvestigated dueto catal ytic bed geometries which contains nano ferrite oxide
and operation conditions. The purpose of experiments is finding the conditions which lead to the lowest amount
of sulphur content in the out stream. Fraction of sulphur content in the outlet to the amount of sulphur intheinlet
isconsidered asthe operation criteria, in thiswork. The effects of operating conditions such as operating tempera-
ture and pressure, the amount of sulphur concentration in feed stream, size of nano catalyst, the bed diameter and

bed height are investigated.

INTRODUCTION

The earliest, widespread description of
nanotechnol ogy has been referred to the particular
technological god of precisely manipulating atomsand
mol ecul esfor fabrication of macro scdeproducts, also
now isreferred to asmolecular nanotechnol ogy!™. A
more generalized description of nanotechnol ogy was
subsequently established by the National
Nanotechnology Initiative, which defines
nanotechnol ogy asthe study and application of fine
particleswhich aresized from 1 to 100 nanometresin
al of thesciencefieldg?.

Sulphur compounds in fuels such as liquefied
petroleum gascause problemsontwofronts: they rdlease
toxic gasesduring combustion process, and they damage
metalsand catalystsin enginesand fuel cellg3. They
usualy areremoved usngaliquid trestment that adsorbs
the sulphur compoundsfrom theliquefied petroleum
gas, but the processis cumber someand requiresthat
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the hydrocarbon be cooled and reheated, making the
fuel lessenergy efficient!®. To solvethese problems,

researchershaveturned to solid metal oxideadsorbents,

but those havetheir own sets of challenges®. While
they work a high temperatures, diminating the need to
cool and re-heat thefud, their performanceislimited
by stability issues. They losetheir activity after only a
few cyclesof usd®. Sulphur compoundsand sulphurs
in hydrocarbon and petroleum cutslead to environmenta

pollution and corrosion problemsin pipdinesand sorage
tanks. So it is necessary to decrease sulphur and
sulphurs concentrations in hydrocarbon cuts to
internationd standard levelsin petroleumindustries. For
thispurpose, DM D process has been developed asa
desul phuri zation process providing the possibility of

desulphurization of different hydrocarbon cutseven
crudeoil asafeed. Previousstudiesfound that sulphur
compounds adsorption works best at the surface of
solid metal oxides™. So, theauthorsset out to crestea
materid withmaximum surfacearea Thesolution seems
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to betiny grainsof ferrite oxide nano particles, uniting
high surfacearea, high reactivity and Sructura integrity
inahigh-performance sul phur adsorbent’®. Ferriteoxide
has been numerously used for removing of sulphide
compoundsfrom liquefied petroleum gas streamsin
processeslikereforming®?, integrated gasification
combined cycle® and fuel cell*?. Although, Fe203
hasbeenwell eva uated with sul phide compoundsfeed
stocks, the performance of ferrite oxide nano structure
with different operating conditions and structural
characterigticsin sulphur remova hasnot been specidly
evaluated in details. Thiswork is devoted to using
experimental design methodology to identify the
optimum conditionsfor sulphur remova by nanoferrite
oxidecatalysts. Clearly, the nano-sized Fe203ismore
reactivethan thesamematerial inbulk form, enabling
compl ete sulphur remova withlessmaterid, dlowing
for asmaller reactor. The nano particles stay stableand
active after several cycles®. Thermal Swing
Regeneration isacommon industry processused for
desul phurization process. In that process, chemical
sponges called sorbentsremovetoxic and flammable
gases, such asrotten-egg smelling hydrogen sulphide
from natura gas. Theliquefied petroleum gasmust first
betreated with asolution of chemical sorbentsthat are
dissolved inwater. That solution must then be heated
up and boiled to remove the sul phide compounds, in
order to prepare the sorbent for future use. Oncethe
sul phide compoundsareboiled off, thesorbent isthen
cooled and ready for use again. The repeated heating
and cooling requires a lot of energy and markedly
reducestheefficiency of the process, scientistssay. In
the adsorption process by nano Ferrite oxide,
sweetening of liquefied petroleum gasisoccurred with
minimum heet flux comparing with theother sveetening
methods. Also, approximately, 70 to 80 percentage of
theinitid amount of sulphur isremoved fromtheligquefied
petroleum gas by the proposed adsorption process.
Also, Ferriteoxidecatalyst isproduced duetofeasible
method and is ot expensive comparing with the other
cataysts. So, thismethod isbeneficia. Undoubtedly,
theferrite oxide nano particlesas sorbentshavelarge
activesurface. So, they can bereused againand again.
Thismethod will be devel oped assoon aspossibleand
will beappliedinindustrial scae.

Inthiswork, afixed bed reactor isset upwhichis

equipped by nano ferrite oxide catalysts. Some
experiments have been held to investigatethe effect of
different operating pressure, temperature, catalyst
diameter, bed height on the performance of sulphur
removd.

MATERIALSAND METHODS

Themateria sand methodswhich areusedin this
work isinvestigated in thissection.

Synthesismethod of nano-sized Fe203

Using 0.01 M ferric nitratewhichis prepared by
dissolving Fe(NO,) -9H,Oindistilled water. After 15
min duration of ultrasonicthesolutionisrest for about
15 min. Then, Hydrazine monohydrate with
concentration of 0.5M isadded dropwiseto thesolution
under sonication (600 W, 20 kHz) for about 2 hours
and the pH value of reaches about pH= 5. Black
particlesareprecipitate after cooling thesolution. Then
the solutionis centrifuged and washed using distilled
water and acetone, respectively. Nano powder is
reached after 5hdryingtimeat 70Cinair.

Set up description

Onelaboratory cylindrical vessdl equipped withthe
nano-sized Fe203 catal ytic fixed bed is applied for
sul phur adsorption process, inthiswork. The process
temperature is adjusted by one steam jacket around
thevessd. Liquefied petroleum gas stream from atank
reservoir ismixed by sulphur andisfed into the bed
containing ferrite oxide nano particles. The inside
diameter of bedisdesigned 15t040 cm andtheheight
of the vessel is 70 to 100cm, respectively. All the
instrumentsand equipmentsaremade of stainlesssted.

RESULTSAND DISCUSSION

Anyoneknows, thesul phidecompoundiscorrosive
andtoxic, severely. Meanwhile, thiscomponentisin
severa industrial. We know the current technologies
use hugeresources of energy for removing the sulphur
component. Therefore, theresearcherstry to enhance
the performanceof sweetening process. So, inthispaper
the ferrite oxide are applied as nano catalysts for
removal of sulphur. Thismetal oxideisnot expensive
comparing with the other metal oxides. Several
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experiments were held to determine operational
conditionsthat would optimizethe amount of sulphur
removed from gasin order to gas sweetening. Some
major parametersare considered experimentdly inthe
gas desul phurization process by nano particles. The
effectsof operating conditions, propertiesof catalytic
bed and ferrite oxide catalyst areinvestigated on the
process performance. Theratio of sulphur concentration
inthe product stream on theinitial concentration inthe

input stream (C/C,) represents the process

performance. The purpose of the experimentsisto
decreasetheamount of sul phide compoundsbelow the
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4 ppmintheoutlet stream. Experimental resultsare
presentedinthefollowing Figures.

Theeffect of operatingtemperatureand pressure

Theincreaseintheamount of operation pressure
from 6 atm to 9 atm at temperaturesof 82 Cto 88 C
decreasesthe amount of C/CO. For higher amounts of
pressure from 12 atm to 15 atm the increase in the
amount of temperature from 86 C to 90 C decreases
the amount of C/CO. The strange behavior in the
decreasing trend of C/CO isobtained at temperature of
90 Cwhichthehigher amount of C/COisobtainedat 9
atm comparing with 6 atm. Also, the equa amounts of

Far cylinderical particles, heigth
of bed is 7em, diameter of bed is
S 2.5cm, C, is 58ppm, diameter of
particle is 77/nm
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C/CO areobtained at 12 atm and 15 atm and at 90 C.
Theamountsof concentrationswhich areobtained at
15 atm are higher than those are obtained at pressure
of 12 atmin rangesof temperaturesfrom 86 Cto 90 C.
Figure 1 showsthechangesintheamount of C/CO due
to the changesin temperaturesand pressures. Results
indicate the optimum amount of pressure and
temperature is 12 atm and 66 C which leads to the
amount of 0.061 ppm.

Theeffect of bed characteristics

The height and diameter of catalytic bed and also
catalyst diameter are considered asthe shapeeffectsin
thissection. Bed lengthischangedintherangeof 6, 7
and 9 cm. Also the bed diameter changesareinrange
of 1.25, 1.8and 2.5 cm. Theeffect of bed characteristics
areinvestigated on the amount of sulphur remova. The
optimum amounts of height and diameter of thenano
catalytic bed are studied in this section. Operating
temperature and pressure is adjusted at 86°C and
12 atm), respectively.

o Effect of bed diameter

Theé€ffect of changesin diameter of bed on sulphur
remova isshownin Figure2. Theincreaseinvaueof
bed diameter provideshigher masstransfer areaand
asoleadshigher rate of masstransfer. So, the decrease
trend is obtained with higher values of bed diameter.
Thediameter changesfrom 1.25cmto2.5cmandthe
ratio of C/CO changesfrom 0.0481t0 0.04.

CONCLUSIONS

Nano catalyst development in various areas
proposesto perform many processeseconomicaly and
efficiently. The optimum operating conditions and
reactor characteristicsfor sulphur remova with Fe203
nano catdyst areinvestigated experimentdly inthiswork.
The process performanceisintroduced astheratio of
the outlet concentration of sulphur per the inlet

concentration and is presented as value of C/C,.

Experiments are done in the cylindrical reactor in
different temperature, pressure, bed height, bed
diameter andferrite oxide catalyst diameter to find the
best conditionto reach the valueof 0.04 for sulphur at
theproduct. The experimenta resultsindicatethat the

optimum adsorption performance is obtained at 86
Centigradedegreeand 12 atm operating conditionsusing
80ferriteoxide catdystswhen thebed height isfixed 7
cm and the bed diameter is30 cm.
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