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ABSTRACT

A method of removing sulphur from sour oil by nano catalyst is a novel method. ZnO nano catalyst of 45 nmin
diameter is used to treat the sour oil. Two types of heavy oil with density of 29.6 and 29.7 API are sweetened
catalyticaly. So, the different operating conditionswhi ch effect on the sweetening process of crude oil isinvestigated
in this paper. Results show 70 C and 1.2 atm are the optimum temperature and pressure respectively when ZnO is
applied as nano catalyst. Also, the optimum designed parametersfor diameter and height of bed are6 cmand 10 cm
respectively. Investigations show the efficiency of proposed processis very high. So, tests approve the sweetening

process of sour oil which can be replaced conventional process.

INTRODUCTION

Desulfurization of crudeoil isanimportant process
used in apetroleum refinery to reducethe sulfur con-
centration and production of fuel productssuch asgaso-
line, jet fuel, kerosene, diesd and heating ail¥, So, the
resulting fuels meet environmental protection stan-
dardg?.

Thechdlengeof fulfillingtheworld’s growing trans-
portation energy needsisno longer asimpleissue of
producing enough liquid hydrocarbon fue §°. Thischal-
lengeisinstead accentuated by acomplex interplay of
environmental and operationa issues. Environmental
issuesinclude societal demandsthat liquid hydrocar-
bon fuelsbeclean and less polluting®®. Theemergence
of new refining processesand theincreasing use of new
formsof energy production, e.g., fuel cells, exemplify
operational issues. Together, thesetrendsaredriving
the need for deep desulfurization of diesdl and jet fudls.

Desulphurization processes
In the past two decades petroleum refining has
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changed extensively and thefortunes of hydrotreating,
in particular, have witnessed a seachange®. Hydro-
treatersnow occupy acentral roleinmodernrefineries
and morethan 50% of all refinery streams now pass
through hydro-treatersfor conversion, finishing, and pre-
trestment purposes®”. Hydro-desulfurizationisthelarg-
est application of catalytic technology interms of the
volume of material processed. Onthebasisof usage
volume, HDS cataysts are ranked third behind cata-
lystsused for automobile emission control and FCC.
Commercid hydrotreating catalystsare, typically, Mo
or Zn. Mo, known for itshigh hydrogenation activities,
ispreferred asapromoter when feed stocks containing
high amountsof nitrogen and aromaticsneed to be pro-
cessed.

It seems, nano particles suchaasmeta oxidescan
promote the heating and cooling process®?. For ex-
ample, thenano substanceslike; metal oxidescan en-
hanced thethermd stability of someof material 9.

In this work, ZnO nano catalyst is applied for
sweetening processof sour oil. So, the operating and
geometrical parameters are evaluated in this paper.
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Therefore, the gained results can beinteresting for re-
lated industriesand can be applicablein process opti-
mizetion.

MATERIALSAND METHOD

Fgurel showstheoil sweetening experimental set
up. All equipmentsaremade up of glasssinceitisnon
corrosive material and makestheoil tracking in cata-
Iytic bed possible.

Storagetank isequipped 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 the reactor with an adjusted flow rate.
Feed oil isdistributed on the catal ytic bed by aglass
distributor.

Thereactor isavessd with 14 cmdiameter and 14
cmheght. Changingthehe ght of thecatdyticbed, 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
and amount of H_Sintwo types of sour ail.

TABLE 1: Charactristicsof oil samplesused in thiswork
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Preparingnano-sized ZnO

To prepare nano ZnO, onemolar zn 2+ ion solu-
tionispurified, then atype of surface-active reagent
(zinc acetate dehydrate) 0.05 M isadded. Under the
ultrasonic conditions 10% of ethanol isadded. Thepro-
duced solutionisagitated and homogenized for 25to
30 minutes. Same reagents are added to Na,CQO,, 1
M solution under the same conditions. Then another
surface activereagent (folic acid) isadded. The solu-
tionisagitated for 30 min again. After filteringand wash-
ing of thesolution severd timesby ethanol and distilled
water alternately under the ultrasonic action the pro-
duced substanceis heated to dry for fifty minutes at
80°C . Thenitroasted at 450°C for forty fifty minutes
to obtain zinc oxide nano particles. The obtained pro-
duced substance haslight yellow colour, and can been
characterized by SEM. Produced spherical particles
with the average diameter of 35-55 nm insizeare
observed approximately and finally thecrystal ispure
zinc oxidewith hexahedral structure. Figure 1 shows
SEM photo of produced nano particlesin the scale of
5 um.

RESULTSAND DISCUSSION

Experiments are conducted to show the effect of
operating temperature, pressure and al so bed height

Type of crude oil API Amount of sulphur (wt%) and bed diameter on the qua| ity of oil sweeteni ng by
Heavy Iraniancrude  29.6 2 catalyst. Below curves canintroducetheresults. The
Foroozan crude 29.7 22 quality of processisdetermined by thefraction of out-
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Figure2
let H,S concentration C ontheinlet concentration of
H.S, C,.
Theeffect of temperature
Figure 2 showstheeffect of moderatetemperature
variationsfrom50 °C to80°C onthevaueof C/C,.

Theamount of C/C, increaseswith temperature

elevation, higher than 60 °C for dl sampleshowever it
never becomeshigher than 0.1.

Accordingto Figure2, it seemsthe effective tem-
peraturein which theminimumamount of C/C; is

reached is70 °C for two samples.
Also, theeffect of initid amount of H,Sonthequality
of adsorption processisshowninFigure2.

Theeffect of bed height

After finding theoptimumtemperaturein H Selimi-
nation, the second parameter considered inthissection
isbed height. The height of catalytic bed is changed

from 2 cmto 10 cm. Although, theamount of C/C,

increaseswith theincreasein bed height, but al results
for light oil treatment, lead to the sweet oil specifica-
tion. Also, oil characteritic affect thedistribution of lig-
uid in the catalytic packed bed, so channelling is ob-
tained after 8cm. So, the amount of H_S adsorption
increasesintheoutlet for higher length of bed.
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Figure3: Theeffect of temperatureon the quality of oil sweetening
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Figure4: Theeffect of bed height on thequality of oil sweetening
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Clearly, lower API leadshigher oil density and this
increasesthechanndling probability in higher length of
bed. On the other hand, samples have higher initial
amount of H,Sandthisparameter also causesthehigher
amount of H Sintheoutlet.

Figure 3 showstheeffect of bed height on oil sSwest-
ening quality when ZnO is used in the bed. The
approprate bed height for Soroosh oil sweeteningisin
rangeof 6cmto 8cm.

Theeffect of operating pressure

The peroformance of catalyst at 70 C and in bed
with 10 cm diameter issurveyed in Figure4. Theopti-
mum 6 cm height isconsidered for using ZnO catalytic
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bed. The appropraite operating pressurefor sweeten-
ing of heavy oil andforoozan oil isinrangeof 1.2 atm
to 1.25am. Decreasing- increasing trend in theamount
of C/C, versus operating pressureis obtained for all
samples.

Bed diameter

Inthissection, considering the optimum conditions
which are obtained in previous experiments, the effect
of bed diameter and bed surface toward the oil stream
isinvestigated onthe amount of C/CO. Theincreasein
bed diameter from 5 cmto 12 cm decreasestheamount
of C/CO,with45nmZnOat 70 C, 1.2 atmand through

0.8
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1 hOpeLatin tem earéure isI 7O°C.ZB%d dizn&eterlis 1C(j)cm. Bed
0.6 eightis 6cm, Used catalystis ZnO and Catalyst diameter
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Figure5: Theeffect of operating pressureon thequality of oil sweetening
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Figure6: Theeffect of bed diameter on thequality of oil sweetening

4 cm bed height. The best diameter is10 cm according
toFigure>5.

CONCLUSION
Oil sweetening by nanocatal yst has been not de-

veloped indugtridly, yet. So, finding the optimum con-
ditionsof thisoperationisinteresting. Oil cataytic sweet-

ening isinvestigated experimental ly using45nm zZnO
catalyst. Two types of dense sour oil with 29.6 and
29.7 APl aresweetened. Theinitia amount of sulphur
in the crudes are 2 wt% and 2.2 wt%, respectively.
Experimentsare conducted to survey the effect of op-
erating temperature and pressure, bed diameter and bed
height on the amount of outlet H_S concentration. The
qudity of the sweetening processisshown by thefrac-
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tion of outlet concentration of H,S on the amount of
inlet H,S. Theoptimum conditionsobtained are 70 C,
1.2 atm, 6 cm height and 10 cm diameter of bed. Ac-
cording to the mentioned optimum conditions, the
amount of C/C decreasesin 0.0067 and 0.0082 for
heavy oil and Foroozan oil, respectively.
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