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ABSTRACT

Gas sweetening is abasic processin the gas refinery complexes. Undoubt-
edly, mixing of nano, sweetening and gas fuel can make revolution in the
separation industries. Nano catalysts are adapted in this paper to vanish

H ,Sas the toxic, corrosive and pyrophoric contaminant. The important

feature which is considered is to improve the adsorption efficiency of hy-
drogen sulphide from hydrocarbon fuels such as methane gas by applying
theAl203 as nano cataly<t. Totally, the optimum conditionsto eliminatethe
hydrogen sulphide from methane gas are evaluated in this paper, experi-
mentally. In this paper, A1203 nano particles are synthesized and are con-
tacted with flow of sour methane. The synthesized nano particles are char-

acterized by SEM and TEM. The process performance of H,S removal

from methane gas on Al203 nano particles is illustrated by the ratio of
outlet concentration per feed concentration. The effects of operating con-

ditions such as operating temperature and pressure, the anount of H,S
concentration in feed stream, size of nano catalyst and the bed diameter are

investigated in this paper. Thiswork studies the adsorptionof H,S from

natural gaswith an emphasis on the influence of the operating and geomet-
ric parameters on process efficiency.
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INTRODUCTION

Desul phurization of gasisanimportant processused
in agasrefinery to reducethe sul phur concentration
and production of fuel products such asgasoline, jet
fuel, kerosene, diesel and heating gasand oil*2., So,
theresulting fuel smeet environmental protection stan-
dards3.

Thechdlengeof fulfillingtheworld’s growing trans-
portation energy needsisno longer asimpleissue of
producing enoughliquid hydrocarbon fud 49, Thischd-

lengeisinstead accentuated by acomplex inter play of
environmenta and operationa issues®. Environmenta
issuesinclude societal demandsthat liquid hydrocar-
bon fuel sbeclean and lesspolluting. The emergence of
new refining processes and theincreasing use of new
formsof energy production, e.g., fue cells, exemplify
operationa issues. Together, thesetrendsaredriving
theneed for deep desul phurization of diesel and jet fu-
els. Nanotechnology (sometimes shortened to
“nanotech”) is the manipulation of matter on an atomic
and molecular scae. Theearliest, widespread descrip-
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tion of nanotechnol ogy has been referred to the par-
ticular technological god of precisely manipulating a-
omsand mol ecul esfor fabrication of macro scaeprod-
ucts, also now is referred to as molecular
nanotechnology. A more generalized description of
nanotechnol ogy was subsequently established by the
National Nanotechnology Initiative, which defines
nanotechnol ogy asthe study and application of finepar-
ticleswhicharesizedfrom 1to 100 nanometresindl of
thesciencefidds.

MATERIALSAND METHODS

Al203 nano particleisacommoningredient and
hasahugevariety of applications. Zincisan essential
minerd and isnon-toxicinlow concentration.

Synthesismethod of nano-sized AI203

TheAl203 nanopowder inthiswork was obtained
viaprecipitation method usng AICI3-6H20 (Merck),
Al powder (M.A. University), HCI (Merck) and
NH40H (Merck). TheAl powder hasaspherica shape
with an average diameter about 37.5 um. Aluminum
chloridehexahydratewasfirgt dissolvedinaqueousHCI.
TheAl powder wasthen gradually added to the solu-
tion. Theratio of theraw material swas chosen under
the conditionsthat werefound to betheoptimuminthe
work of Shojaie-Bahaabad. According to their work,
themolar ratios of Al/AICI3and HCI/H20 were 1.81
and 0.18, respectively. The precursor solutionwasthen
continuoudly stirred at 100°C for 4 h to completely dis-
solvethestarting materials. NHAOH was added to so-
lution and the pH value of the sol ution was adjusted at
9. Theobtained precipitatewaswashed using distilled
water toremovetheanionimpurities, and finaly dried
at 80°C for 48 h. The obtained dried precipitate was
ground into powder, and then the powder was calcined
at different temperatures. For more comparison, one
pecimen was prepared viasol—gel method. The crys-
talline structure of the sampleswas determined by X-
ray diffraction (XRD), using Philips X-pert modd with
CuK-aradiation. Differentid therma analyses(DTA)
and thermo gravimetry (TG) were used with arate of
10°C/min with the STA 1460 equipment. The powder
morphology wasinvestigated using aPhillips XL30
scanning el ectron microscope (SEM). Fourier trans-
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formation infrared spectroscopy analysis (FTIR) was
carried out inaNicolet Nexus 6700 for studying the
chemical groupsof thedried precipitate and calcined
powder. The obtained produced substance has light
yellow colour, and can been characterized by SEM and
TEM. Produced spherical particleswith the average
diameter of 40 -60nmin size are observed approxi-
mately and finally the crystal is pure Al1203 with
hexahedra structure. Figure 1 shows TEM and SEM
photos of produced nano particles @) in the scale of
50nmand b) in the scale of 500nm.

<%

Figurel-a): TheTEM picture.

Figurel-b): The SEM picture.
Set up description

Onelaboratory cylindrica vessd equipped withthe
nano-sized Al203 catalytic fixed bed is applied for

H,S adsorption process, in this work. The process
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Figurel-c): TheSEM picture.

temperatureis adjusted by one steam jacket around
thevessd. Methanestream from atank reservoir ismixed

by H,s andisfedinto the bed containing Al203 nano

particles. Theinsidediameter isadjusted between 2to
6 cm andtheheight of thevessdl ischosen 10to50cm
respectively. All theinstruments and equipmentsare
madeof stainlesssted. Figure 2 showsbriefly themen-
tioned adsorption experimental setup constructed to
remove hydrogen sul phidefrom methanegasby using
Al203 nano catalyst.

Methane gas flow rate is controlled by the flow
meter and adjusted by valve after passing afilter, then
ismixed by the adjusted amount of hydrogen sulphide
and compressed to thereactor. The bed height of cata-
lyst can beverified by some separate smaller metallic
beds which arelocated in the vessel. Measuring the
hydrogen sul phideconcentrationinthefeed and thedis-

Steam out Steam in

1 #5 X

5
Qo Gl Compressor

I

chargeflow, definesthe performance of the process.
RESULTSAND DISCUSSION

Anyoneknows, the hydrogen sulphideiscorrosive
and toxic, severely. Meanwhile, thiscomponentisin
severa industrial. We know the current technologies
use hugeresources of energy for removing the hydro-
gen sul phide component. Therefore, theresearcherstry
to enhancethe performance of sweetening process. So,
inthis paper theAl1203 are applied as nano catalysts
for removal of H,S. Thismeta oxideisnot expensive
comparingwiththe other metal oxides. So, severd ex-
periments aredesigned to eva uate the performance of
Swesetening processin thispaper, operationa ly and eco-
nomically. Theseexperimentsweretested to determine
operationd conditionsthat would optimizethe amount
of H2Sremoved from gasin order to gas sweetening.

Somemgjor parametersare cons dered experimen-
tally in the gas sweetening process by nano particles.
Theeffectsof operating conditions, propertiesof cata-
lytic bed and A1203 catalyst areinvestigated on the
process performance. Theratio of H,S concentration
inthe product stream on theinitia concentrationinthe
input stream (C/C,) represents the process perfor-
mance. The purpose of the experimentsisto decrease
the amount of hydrogen sulphide below the4 ppmin
the outlet stream. Experimental resultsarepresentedin
thefollowing Figures.

Theeffect of operatingtemperatureand pressure

Figure2: Theschematic of process.

CHEMICAL TECHNOLOGY

Au Tudian Yournal



CTAIJ, 10(5) 2015

Farshad Farahbod et al.

175

—= Pyl Paper

T  Pressureis "
o5  Bam. e C/Ca = -5E-05T% - 0.0005T + 0.3874
: = Pressureis 2 -
Satm R’ = 0.9688, P=3atm
0.25 1 Pressure iis .
Tatm \\ C/Co = 2E-06T" - 0.0062T + 0.4908
024 Pressure is R*=0.9671, P=5atm
g 9atm
[& = Poly. (Pressure _
015 is 3atm) C/CO = 0.0002T° - 0.0203T + 0.6739
— Poly. (Pressure \ \\ R® = 0.8826, P=7atm
0.1 is Batm) . . 2
—Poly. (Pressure > CICo = -3E-05T* +0.00297 + 0.0071
0.05 - iis 7atm) R™ = 0.4206, P=9atm
— Poly. (Pressure : . 4
: Cp 15 100ppmy, nanoparticles size
is 9atm) i .
0 - - . . ; . ¢ 40nm and diameter of bed is 2em
0 10 20 30 40 50 60 70 80
Temperature ("C)
Figure3: Theeffect of temperatureon C/CO (40nm).
045 =5 Pressure is 2
C/Co =-0.0002T" +0.0103T + 0.2723
04] 3am N R? =0.9937, P=3atm
= Pressureis \ \ - EeEel e !
0.35 1 Satm 2
Pressure is \ ‘\ C/Co=7E-05T" - 0.015T + 0.8032
031  7am R® = 00946, P=5atm
Pressure is
= 025 4 gatm .
S 0o ] Poly. (Pressure| \ \ CiCo= —BME-DGT - 0.0009x+ 0.154
' is 3atm \ \ \ R’ = 0.9888, P=0atm
0.15 4 = Poly. (Pressure A
is 5atm) _;\.¥ -\\ C/Cq=0.0002T" - 0.0215T +0.7106
0.1 1 _POIV‘ (Pressure & R? = 0.9666, P=7atm
is 7atm
0.05 { == Poly. (Pressure A Cy is 100ppm, nanoparticles size is
0 is 9atm) i . : 60nm and diameter of bed is 2em
0 20 40 60 80

Temperature (“C)

Figure4: Theeffect of temperatureon C/Co (60nm).

Both, temperature and pressure are two important
parametersin separation processes. Five 30ec , 40ec,
50ec , 60°c and 70°c areexamined during different
pressuresand theamount of C/C, ismeasured. So, to
find the best operating temperature, the operating pres-
sureischanged from 3atm to 9atm using 40 and 60 nm
indiameter catalyst. Thefeed contains 100ppm H,S
with 1.67 um* /s flow rate and the reactor has a bed
with 50cm height. Figure 3 and 4 showsthat the 3atm
operating pressureisnot effectiveeven at 70°c tem-
perature, sincetheamountsof C/cC, arehigher than
0.04. Also, theamount of c/c, reachesbe owthe0.04
just whentherange of operatingtemperatureisadjusted
between 30°cto 70°c and 7atm is the operating
pressure. The operating pressure 9atm decreasesthe
amount of c/c, near the0.05 not below the0.04 at all
experimental operating temperatures. So, running the
process under 9atm seems to be more feasible. Ac-
cordingtotheresultsin Figure 3 and 4, providing oper-

ating temperaturesabovethe50°c isjust effectiveon
decreasing theamount of hydrogen sulphideat 7atm.
Although the outlet concentration isthesameat 30°c
and 70°c , but the consumed energy in steam jacket to
providethe operating temperature of 70°c ishigher
comparingwith 50°c . So, thetemperature of 50°c
and pressureof 7 atm arepreferred asthe best operat-
ingconditions.

Figure 3 and 4 shows the decrease in the outlet
H,S concentration by the temperature augmentation.
Temperaturevariesfrom 30°c to 70°c . Theadsorp-
tion progressisobtained by temperaturerise. Theval-
uesof C/cC, arechanged from 0.22t00.034 and from
0.184t0 0.0028 when catalyst with 60nm and 40nm
indiameter areused a 7atm, respectively.

CONCLUSIONS

Low temperature gas sweetening applying nano
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catalyst hasbeeninvestigated and hasnot commercid-
ized yet. Nano catalyst development in various areas
proposesto perform many processeseconomicaly and
efficiently. The optimum operating conditionsand reac-
tor characteristicsfor hydrogen sulphideremova with
Al203 nano catdys areinvestigated experimentdly in
thiswork. The process performanceisconsidered as

theratio of theoutlet concentrationof H,S pertheinlet

concentration andispresented asvalueof C/C, . Ex-

perimentsareheldinthecylindrica reactor in different
temperature, pressure, bed height, bed diameter and
Al203 catalyst diameter to find the best condition to
reach the C/CO vaueof 0.04 (gpproximately) for H2S
at the product.
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