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ABSTRACT

Theimportant feature which isconsidered isto improve the adsorption efficiency of hydrogen sul phide from hydrocarbon fuels
such as petroleum oil by applying the zinc oxide as nano catalyst. Totaly, the optimum conditions to eliminate the hydrogen
sulphide from petroleum oil are evaluated in this paper, experimentally. In this paper, zinc oxide nano particles are synthesized
and are contacted with flow of sour petroleum. A method of removing sulphur from sour oil by nano catalyst isanovel method.
ZnO nano catalyst of 35 NMin diameter is used to treat the sour oil. The useful correlations are presented to predict the

optimum conditions for sweetening of crude oil by ZnO as nano catalyst.
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INTRODUCTION

A more generdized description of nanotechnology
was subsequently established by the National
Nanotechnology Initiative, which defines
nanotechnology asthe study and application of fine
particleswhich aresized from 1 to 100 nanometresin
al of thesciencefieldg!.

Sulphur compoundsin fuel ssuch aspetroleum oil
cause problemson two fronts: they releasetoxic oiles
during combustion, and they damage metal sand cata-
lystsinenginesandfue cdls They usudly areremoved
using aliquid treatment that adsorbsthe sul phur from
the petroleum oil, but the processis cumbersomeand
requiresthat the oil be cooled and reheated, making
thefuel less energy efficient’?. To solve these prob-
lems, researchers have turned to solid metal oxide
adsorbents, but those havetheir own setsof challenges.
Whilethey work at high temperatures, iminating the
need to cool and re-heat thefuel, their performanceis
limited by stability issues. They losethelr activity after
only afew cyclesof use?.

Previous studies found that sulphur adsorption

worksbest at the surface of solid metal oxides. So, the
authorsset out to create amateria with maximum sur-
facearea. The solution seemsto betiny grainsof zinc
oxide nano particles, uniting high surfacearea, highre-
activity and structural integrity in ahigh-performance
sulphur adsorbent. Zinc Oxide has been numeroudy
used for removing of hydrogen sulphidefromoil streams
inprocesseslikereforming!, integrated ailification
combined cycleand fud cdl®8, Although, ZnO hasbeen
well eva uated with hydrogen sulphidefeed stocks, the
performanceof zinc oxide nano structurewith different
operating conditionsand structural characteristicsin

H,S remova hasnot been specially evaluated in de-
talls. Thiswork isdevoted to using experimental design
methodology toidentify the optimum conditionsfor H,S
remova by nano zinc oxide cataysts. Clearly, thenano-
sized ZnO ismorereactive than the same material in
bulk form, enabling complete sul phur removal withless

material, alowing for asmaller reactor. The nano par-
ticlesstay stableand active after several cycles.

MATERIALSAND METHOD
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Figure 1 showstheoil siweetening experimental set
up. All equipmentsare madeup of glasssinceitisnon
corrosive material and makestheoil tracking in cata-
Iytic bed possible.

Storagetank is equipped with ahot water jacket
and adtirrer toincreasetheoil temperature uniformly,
moving easily through the set up. Surely, temperature
and pressureiscontrolledin feed tank, necessarily. The
oil ispumped upward and passesthrough afilter and
thenisfedinto thereactor with an adjusted flow rate.
Feed oil isdistributed on the catal ytic bed by aglass
ditributor.

Thereactor isavessdl with 14 cm diameter and 14
cm heght. Changingtheheight of thecatdytic bed, there
are some catalytic sectionswith 2 cm height which can
belocated into the reactor vessel. A hot water jacket
keepsthereactor temperature at the adjusted experi-
mental temperature. TABLE 1 showstheAP! density

TABLE 1: Charactristicsof oil samplesused in thiswork

Typeof crudeoil APl Amount of sulphur (wt%)
Heavy Iranian crude 29.6 2
Light Iranian crude  33.4 137
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Figurel: Schematic of proposed sweetening process

Hot water jacket

and amount of H_Sinfour typesof sour oil.
Preparingnano-sized ZnO

To preparenano ZnO, onemolar 7, ionsolution
ispurified, then atype of surface-activereagent (zinc
acetate dehydrate) 0.05 M isadded. Uunder theultra-
sonic conditions 10% of ethanol isadded. The pro-
duced solutionisagitated and homogenized for 25to
30 minutes. Samereagentsare added toNa,CO,, 1M
solution under the same conditions. Then another sur-
faceactivereagent (folicacid) isadded. Thesolutionis

agitated for 30 min again. After filtering and washing of
the solution severd timesby ethanol and ditilled water
dternately under the ultrasonic action the produced sub-
stanceisheated to dry for fifty minutesat 80ec . Then
itroasted a 450°c for forty fifty minutesto obtain zinc
oxidenano particles. The obtained produced substance
haslight yellow colour, and can been characterized by
SEM. Produced spherical particleswith the average
diameter of 35-55 nm insizeare observed approxi-
mately and finally the crystal ispure zinc oxidewith
hexahedra structure. Figure 1 aand b shows SEM
photos of produced nano particles.

RESULTSAND DISCUSSION

We know the current technologies use huge re-
sourcesof energy for removing the hydrogen sulphide
component. Therefore, theresearcherstry to enhance
the performanceof sweetening process. So, inthispa-
per thezinc oxide are applied asnano cataystsfor hy-
drogen sulphideremoval. Thismeta oxideisnot ex-
pensivecomparingwiththeother metd oxides. So, sev-
eral experimentsare designed to eval uatethe perfor-
mance of sweetening processin this paper, operation-
aly and economically. These experimentsweretested
to determine operational conditionsthat would opti-
mizethe amount of H2Sremoved from oil in order to
oil siweetening.

Somemgjor parametersare cons dered experimen-
tally inthe oil sweetening processby nano particles.
Theeffectsof operating conditions, propertiesof cata-
lytic bed and zinc oxide catalyst areinvestigated on the
process performance. Theratio of H,S concentration
inthe product stream ontheinitia concentrationinthe
input stream (C/C,) represents the process perfor-
mance. The purpose of the experimentsisto decrease
the amount of hydrogen sulphide below the4 ppmin
theoutlet stream. Experimental resultsare presentedin
thefollowing Figures.

Theeffect of temperature

Asobtained experimental results, the correlation
numbers 1 and 2 are represented. The regression of
thiscorrdationiscaculaed, dso. Thiscorrdation shows
theeffect of variationsin moderatetemperaturesfrom
50°c t080°c onthevaueofc/c,.
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Figurelb: SEM photo of produced zincoxidenano particles

(C/Cq)ignon =0.0003T? —0.0405T +1.3709 (1)  (C/Cy), g = 0.0188H* —0.2709H +0.9123  (5)
R? =0.9878 @ R* =0.937 (6)
(C/Co)remyor =0.0005T2 —0.0657T +2.3946  (3)  (C/Cp )yeqyoy = 0.0168H* ~0.2612H +0.9956  (7)

R2 = 0.9781 (4 R? = 0.9975 (8)
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Thiscorreation statethe effectivetemperaturefor
reaching to theminimumamount of C/C, is70°cC .

Theeffect of bed height

After finding theoptimum temperature correlation
in hydrogen sulphideremoval process, the second pa-
rameter whichisconsidered inthissectionisbed height.
Theheight of catdyticbedischanged from2cmto 10cm.

CONCLUSION

Oil sweetening by nanocatal yst has been not de-
veloped industridly, yet. So, finding the optimum con-
ditionsof thisoperationisinteresting. Oil cataytic sweet-
eningisinvestigated experimentally using 35nmZnO
catalyst. Respectively, four typesof heavy and light oil
with dengity of 29.6 and 33.4- pp; aresweetened cata
Iytically. Theinitial amount of sulphur inthelight and
heavy crude oils are 1.37 wt% and 2 wt%, respec-
tively. Experimentsare conducted to survey the effect
of operating temperature and pressure of sour oil, bed
diameter and bed height on the amount of outlet H,S
concentration. Thequdity of thesweetening processis
shown by thefraction of outlet concentration of H,Son
theamount of inlet H,S. Theoptimum conditions ob-
tained are 70°c as operating temperatureand 6¢cm as
helght of bed. A ccording to thementioned optimum con-
ditions, theamount of C/C decreasesin 0.0067 and
0.0036 for heavy and light oil, respectively.
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