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ABSTRACT

Nano catalysts are adapted in this paper to vanish H ,Sas the toxic, corrosive and pyrophoric contami-

nant. The important feature which is considered is to improve the adsorption efficiency of hydrogen sul-
phide from hydrocarbon fuels such as methane gas by applying the zinc oxide as nano catalyst. Totally, the
optimum conditionsto eliminate the hydrogen sulphide from methane gas are evaluated in this paper, experi-
mentally. In this paper, zinc oxide nano particles are synthesized and are contacted with flow of sour
methane. The synthesized nano particles are characterized by SEM and TEM. The process performance of

H,S removal from methane gas on zinc oxide nano particlesisillustrated by theratio of outlet concentra-
tion per feed concentration. The effects of operating conditions such as operating temperature and pres-

sure, the amount of H,S concentration in feed stream, size of nano catalyst and the bed diameter are

investigated in this paper. This work studies the adsorption of H,S from natural gas with an emphasis on
the influence of the operating and geometric parameters on process efficiency. Finally, results introduce the
amount of pressure 12 atm, temperature 80°C , bed height 70 cm, diameter of catalytic bed 20 cm (for
nanocatalysts with 35nm) and 40 cm (for nanocatalysts with 55nm) and 35 nm in diameter nano zinc oxide

as the optimum basic properties. Therefore, the amount of C/C, is decreased to 0.024 for 35 nm in
diameter zinc oxide and 0.033 for 55 nm in diameter zinc oxide, respectively. In addition, thisis confirmed

that the increase in the feed concentration of H,S, aso the decrease in the diameter of zinc oxide catalyst
enhances the process efficiency. © 2014 Trade ScienceInc. - INDIA

INTRODUCTION tion of nanotechnol ogy has been referred to the par-

ticular technological god of precisely manipulating at-

Nanotechnology (sometimes shortened to omsand moleculesfor fabrication of macro scaleprod-
“nanotech”) is the manipulation of matter on anatomic  ucts, also now is referred to as molecular
and molecular scale. Theearliest, widespread descrip-  nanotechnol ogy™. A moregeneralized description of
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nanotechnol ogy was subsequently established by the
National Nanotechnology Initiative, which defines
nanotechnology asthe study and application of fine
particleswhich aresized from 1 to 100 nanometresin
all of thesciencefieldg?.

Sul phur compoundsin fuel s such asmethane gas
cause problemson two fronts: they rel easetoxic gases
during combustion, and they damage meta sand cata-
lystsinenginesand fuel cellg¥. They usualy arere-
moved using aliquid trestment that adsorbsthe sulphur
from the methane gas, but the processis cumbersome
and requiresthat the gas be cool ed and reheated, mak-
ingthefud lessenergy efficient!d. To solvethese prob-
lems, researchers have turned to solid metal oxide
adsorbents, but those have their own sets of chal-
lenges®. Whilethey work at high temperatures, €limi-
nating the need to cool and re-heat thefuel, their per-
formanceislimited by stability issues. They losetheir
activity after only afew cyclesof use®.

Previousstudiesfoundthat sul phur adsorptionworks
best at the surface of solid metal oxides”. So, theau-
thorsset out to cresteamateria with maximum surface
area. The solution seemsto betiny grainsof zincoxide
nano particles, uniting high surfacearea, high reactivity
and structural integrity in ahigh-performance sul phur
adsorbent®. Zinc Oxide has been numerously used for
removing of hydrogen sulphidefrom gasstreamsin pro-
cesseslikereforming®9, integrated gasification com-
bined cyclé™ and fudl cedll™1233, Although, ZnO has
been wd | evd uated with hydrogen sul phidefeed stocks,
the performanceof zinc oxidenano structurewith differ-
ent operating conditionsand structura characterigticsin

H,S removal hasnot been specially eval uated in de-

talls. Thiswork isdevoted to using experimenta design
methodol ogy toidentify theoptimum conditionsfor H,S
remova by nano zinc oxidecatdysts. Clearly, thenano-
gzed ZnOismorereactivethanthesamematerid inbulk
form, enablingcompletesul phur removd withlessmate-
rial, allowing for asmaller reactor. The nano particles
stay stableand active after several cycled™?.

Therma Swing Regenerationisacommonindustry
process used for sweetening natural gas. Inthat pro-
cess, chemical sponges called sorbentsremovetoxic
and flammable gases, such asrotten-egg smelling hy-
drogen sulphidefrom natural gas.
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Thegasmust first betrested with asolution of chemi-
cal sorbentsthat are dissolved inwater. That solution
must then be heated up and boiled to removethe hy-
drogen sulphide, in order to prepare the sorbent for
future use. Oncethe hydrogen sul phideisboiled off,
the sorbent isthen cooled and ready for useagain. The
repeated heating and cooling requiresalot of energy
and markedly reduces the efficiency of the process,
scientistssay.

In the adsorption process by nano Zinc Oxide,
sweetening of natural gasisoccurred with minimum heat
flux comparingwith the other sweeteningmethods. Also,
about 70 to 80 percentage of theinitial amount of hy-
drogen sulphideisremoved from the Methane by the
proposed adsorption process. Also, Zinc Oxide cata
lyst isproduced dueto feasible method and isnot ex-
pensive comparing with the other catalysts. So, this
method isbeneficia . Undoubtedly, the zinc oxide nano
particlesas sorbentshavelarge active surface. So, they
can be reused again and again. This method will be
devel oped as soon as possible and will be appliedin
industrid scale.

Inthiswork, afixed bed reactor isset upwhichis
equipped by nano zinc oxide catalysts. Some experi-
ments havebeen held to investigate the effect of differ-
ent operating pressure, temperature, catalyst diameter,

bed height on the performanceof H, S remova. Also,
the capability of nano catalysts is surveyed toward
changing theamount of H, S infeed stream and also
changing feed superficia velocity. Theresultsareillus-
trated astheratio of outlet H,S concentrationper in-

letH,S concentration. Inaddition, thiswork contains

the cost estimationsfor thevarious operating pressures
and temperatures. Consequently the optimum condi-
tionsareintroduced.

MATERIALSAND METHODS

Zinc oxide nano particleisacommon ingredient
and hasahuge variety of gpplications. Zincisan essen-
tid mineral andisnon-toxicinlow concentration¥.

Synthesismethod of nano-sized ZnO
Zinc metal isused to makeasolution containing
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onemolar zn2+ion.Atfirst, thissolutionispurified,
and then atype of surface-active reagent (zinc acetate
dehydrate) 0.05 M isadded. At the next step, approxi-
mately, 10% of ethanol isadded under the ultrasonic
conditions. Theproduced solutionisagitated for 25to
30 minutes. The obtained sol ution will behomogenised
after this time interval. Same reagents are added

to Na,CO,, 1M solution under the same conditions.

Then another surfaceactivereagent (folicacid) isadded.
The solutionisagitated for 30 min again. Inthe next
step, filtering and washing of the solutionis done sev-
era timesby ethanol and distilled water dternately un-
der the ultrasonic action. The produced substanceis
prepared to dry for fifty minutes at 80°C . Then it
roasted at 450°C for forty fifty minutesto obtain zinc
oxidenano particles. The obtained produced substance
haslight yellow colour, and can been characterized by
SEM and TEM. Produced spherica particleswiththe
average diameter of 35-55 nm in sizeare observed
approximately andfindly the crystal ispurezinc oxide
with hexahedral structure. Figure 1 shows TEM and
SEM photosof produced nano particlesa) inthescale
of 5 um and b) inthe scale of 500 nm.

Figurel-a)

Set up description
Onelaboratory cylindrica vessd equipped withthe
nano-sized ZnO catalytic fixed bedisappliedfor H,S

adsorption process, inthiswork. The processtempera-
tureisadjusted by one steam jacket around thevessdl.

Methanestream from atank reservoirismixedby H,S

> Fyll Poper

and isfedinto the bed containing zinc oxide nano par-
ticles. Theinside diameter isbetween 15t040 cm and
the height of thevessel isbetween 70to 100cm, re-
spectivey. All theinstrumentsand equipmentsaremade
of gainlesssted.

T
2. 0kV XB:BOK 'S 20kn
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Figurel-c)

Figure 2 showsbriefly the mentioned adsorption
experimenta setup constructed to remove hydrogen sul-
phidefrom methanegasby using zinc oxide nano cata-
lyst.

Methane gas flow rateis 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
bedswhich arelocated in the vessel. Measuring the
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hydrogen sul phideconcentrationinthefeed andthedis-
chargeflow, definesthe performance of the process.

RESULTSAND DISCUSSION

Anyoneknows, thehydrogen sulphideiscorrosive
andtoxic, severely. Meanwhile, thiscomponentisin
several industrial . Weknow the current technologies
use hugeresources of energy for removing the hydro-
gen sul phide component. Therefore, theresearcherstry
to enhancethe performance of sweetening process. So,
inthispaper the zinc oxide are applied as nano cata-

lystsfor removal of H,S. Thismeta oxideisnot ex-

pensvecomparingwith theother metd oxides. So, sev-
era experimentsare designed to eval uatethe perfor-
mance of sweetening processin this paper, operation-
aly and economically. These experimentsweretested
to determine operational conditionsthat would opti-
mizetheamount of H2S removed from gasin order to
gasswestening.

Somemgjor parametersare cons dered experimen-
tally inthe gas sweetening process by nano particles.
Theeffectsof operating conditions, propertiesof cata-
Iytic bed and zinc oxide catdyst areinvestigated on the

process performance. Theratioof H,S concentration
inthe product stream on theinitial concentration inthe
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.

Figure2

Theeffect of operating temperatureand pressure
Both, temperature and pressure are two important

Hnalytical CHEMISTRY o

parametersin separation processes. Five50°C , 70°C
80°C,90°C and100°C areexamined duringdiffer-

ent pressures and theamount of C/C, ismeasured.
So, to find the best operating temperature, the operat-
ing pressureischanged from 5atmto 15 atmusing 35
and 55 nmindiameter catayst. Thefeed contains 100

ppm H,S with1.67 um?® / s flow rateand the reactor

has abed with 100 cm height. Figure 3 and 4 shows
that the 5 atm operating pressureisnot effective even
at 100 C temperature, sincetheamountsof C/C, are
higher than 0.04. Also, theamount of reachesbelow
the 0.04 just when the range of operating temperature
isadjusted between 80°C to 100 and 12 isthe oper-
ating pressure. The operating pressure 15 atm decreases
the amount of near the 0.05 not below the 0.04 just
when the range of operating temperatureis adjusted
between 80°C t0 100°C and 12 istheoperating pres-
sure. The operating pressure 15 atm decreases the

amount of C/C,, near the 0.05 not bel ow the 0.04 at

al experimentd operatingtemperatures. So, runningthe
processunder 15 atm seemsto bemorefeasible. Ac-
cordingtotheresultsin Figure3and 4, providing oper-
ating temperatures abovethe80 °C isjust effectiveon
decreas ng theamount of hydrogen sulphideat 12 atm.
Although the outlet concentrationisthesameat 80 °C

and 100°C , but the consumed energy in steam jacket
to providethe operatingtemperatureof 100 °C ishigher
comparing with 80. So, thetemperature of 80°C and
pressureof 12 arepreferred asthebest operating con-
ditions.

0.35 7

—e—Operating pressure is 5atm

0.3 { —m—Operatingpressure is 10atm ?\
0.25 Operating pressure is 12atm
Operating pressure is 15atm
s 0-2 7finitial concentration is i \:\
o B ’\ \
I} 0.15 100ppm, Diameter of bed is
15cm, Size of nano particles P Do
0.1 is35mm o .
= B H
0.05 - 3
0 . . . T TR E—
0 20 40 60 80 100 120
Temperature (°C)
Figure3

Figure 3 and 4 shows the decrease in the outlet
H , S concentration by thetemperature augmentation.
Temperature varies from 50°C to 100°C . The
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adsorption progressisobtained by temperaturerise.
Thevauesof C/C, arechanged from 0.21t0 0.033

and from 0.18 to 0.0027 when catalyst with 55 nm
and 35 nm in diameter are used at 12 atm, respec-

—— Fuyl] Paper

amount of outlet H2S dueto theincreaseintheamount
of bed diameter, but theresultsarefeasibleand all are
below the 0.04.

However, thehigher bed diameter improvestheH2s
removal process when the 55 nm of catalytic bedis
used. Thisisconcluded the amount of outlet H2Sis
acceptable at higher bed diameter than 30 cm accord-
ingto Figure®6.

0.1

tively.
05 Y operatmger is Bat
0.45 1 peratng pressure is 5atm
0.4 {{—®—Operatngpressureis 10atm _H_g\
0.35 - Operatngpressure is 12atm \.\ 5\
0.3 o .
° peratng pressure is 15atm
0 0.25
O (2 [initial concentrationis 100ppm. | £
0.15 Diameter ofbedis 15cm, Size
: ofnano particlesis 55nm b
o1 P o B :\\‘
0.05 o
0 T T

0 20 40 60 80 100 120
Temperature (°C)

Figured
Theeffect of bed characteristics

The height and diameter of catalytic bed and also
catalyst diameter are considered asthe shapeeffectsin
thissection. Bed lengthis changed from 60 cmto 100
cmandthediameter dsoischanged from 20cmto 40
cm. Theeffect of bed characteristicsareinvestigated
ontheamount of Hydrogen sulphideremova. Theop-
timum amountsof height and diameter of thenano cata-
Iytic bed are studied in thissection. Operating tempera:
ture and pressureis adjusted at 80 °Cc and 12 atm,
respectively.

Effect of bed diameter

Theeffect of changesin diameter of bed on H2S
removal areshownin Figures5and 6 for two typesof
nano particleswith 35 nm and 55 nmin diameter, re-
spectively. Figure 5 shows that the increase in the

amountsof C/C, isconsiderablewhen the diameter

of the 35 nm catalytic bed changes from 20 cm to
40cm . Thismay relateto thechannelling phenomenon
and referred to dynamic of passing gasstreaminthe
bed. Although, the curve shows the increase in the

0.045

0.04 3
0.035 //
0.03
0.025
$ =
O 0.02
0.015
Height of bed is 70cm, Operating pressure and temperature is 12atm and 80°C, Diameter of
0.01 -rbed-s—26cm, itz concentration fs—t08ppmT, Particle diameteris—35mmT
0.005
0 T T T T T
15 20 25 30 35 40 45
Diameter of bed (cm)
Figure5

0.08
0.08 b
0.07
0.08
g 0.05 I
0041 Height of bed is 70cm, Operating pressure and \-\\!
0.03 Jtemps e s t2atmmand 80°C, Diameterof bed T
0.02 {20cm Initial concentration is 100ppm, Particl
0.01 J/diameter is 55nm
0 T T T T T
15 20 25 30 35 40 45
Diameter of bed (cm)
Figure6

Theeffect of bed height and particlediameter

Figure 7, 8, 9, 10 and 11 show the effect of bed
height intherangeof 60 cmto 100 cm at bed diameter
of 12 cm, ontheefficiency of H2Sremoval. Also, the
effects of different diameters of nanocatalyst arere-
ported inthesamefigures. Theoptimum operating tem-
perature 80 C and pressure 12 atm isadjusted for the
experiments.

At al heights, Figuresindicate on the better ad-
sorption performance of smaller nanocatalyst such as
35nmindiameter than thelarger diameter nanocatalyst
such as55 nm. Figure 7 shows 60 cm height bed doesn’t
decreasethe H2S concentration at theoutl et, sufficiently
evenwith 35 nm catalyst in the reactor bed. Thismay
bereferred totheinsufficient masstransfer areaisavail-
ableat thisheight.

Nano catayst with 35 nm and 40 nmin diameter
show the acceptable amount of H2S in the outlet at
height of 70 cm, according to Figure 7. Changesin di-

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03

0.02 Height of bed is 60cm, Operating pressure and temperature is 12atm and 80°C,
0.01 ipi ofbedis20cm

0

/
/

cic,

30 35 40 45 50 55 60
Particle diameter (nm)

Figure7
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ameter of catdyst intherangeof 35 nmto55nmreved
different resultsof C/COfrom 0.025t0 0.087 so, show
the effect of diameter of nano catalyst at bed height of
70cm.

Also, 35 nm catal yst decreasetheamount of H2S
effectively when the height of bed isadjusted 80 cm,
but theother typesof catdystswithlarger diameter don’t
show proper performance accordingto Figure 8.

Figure9and Figure 10 obtaintheimproper perfor-
manceof al catayst with different diamteresat height
of 90 cm and 100 cm. Although, the bed heightisin-
creased but the adsorption processgoesworsely. This
may refer to the effective masstransfer areaof thebed
which dependson thediameter of catalyst and alsothe
bed height. Channelling mafunctiondity hgppensonthe
higher bed length and the undesirablefeed distribution
isoccurred. Thisisconcluded theheight of 70cmisthe
best height of catal ytic bed contains 35 nmand 40 nm
of ZnO catalyst and sufficient effectivesurfaceareais
provided for adsorption processs.

0.1

0.09 /./\_
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Figure8
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Figure9
Theeffect of amount of input hydrogen sulphide

Theeffect of H,S content in feed streamon the
process performanceis studied in Figure 11 for two
diametersof catalyst, 35 nm and 55 nm. Each experi-
mentisheldat 80 °C and 12 atm inbed with30cm
and 70 cmin diameter and height, respectively. The
increasein thefeed concentration causestheincrease
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0.07 e —
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20.05
o
O 0.04
0.03 JlHeight of bed is 90cm, Operating
pressure and temperature is 12atm and|
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0
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Particle diameter (nm)
Figure10
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Figurell
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—e— Size of nano particles is 35nm
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74
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o of bed is 30cm, Initial concentration is 100ppm o
8 0.15
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Figure12

intheamount of H2Sintheoutlet stream according to
Figure 11. Thisisindicated that the capability of both 3
nm and 55 nm nano catalystsisfixed and the active
sitesdecreased. The proper feed concentration of H2S
at the adjusted condition seem to be 50, 75 and 100
ppm, for both 35 nm and 55 nm catalystsand the outl et
concentration isbelow the 0.04.

CONCLUSIONS

Low temperature gas sweetening applying nano
catayst hasbeen investigated and hasnot commercid-
ized yet. Nano catalyst development in various areas
proposesto perform many processeseconomically and
efficiently. The optimum operating conditionsand reac-
tor characteristicsfor hydrogen sulphideremova with
ZnO nano catayst areinvestigated experimentally in
thiswork. The process performanceisconsidered as

theratio of the outlet concentration of H,S per the

Hnalytical CHEMISTRY o
A Tndéan ﬂoawﬂ/



ACAIJ, 14(4) 2014

Farshad Farahbod et al.

149

inlet concentration andispresented asvalueof C/C,,.

Experimentsareheldinthecylindrica reactor indiffer-
ent temperature, pressure, bed height, bed diameter and
zinc oxidecatalyst diameter to find the best condition
to reach the C/CO value of 0.04 for H2S at the prod-
uct.

Theexperimental resultsindicatethat the optimum
adsorption performanceisobtained at 80 Centigrade
degreeand 12 atm operating conditionsby 35 nm zinc
oxide catalystswhenthe bed height isfixed 70 cmand
the bed diameteris30 cm.

Inlet feed which contains 50, 75, 100, 150 and 200

ppm H,S areimposed inthe catalytic bed, respec-
tively. Theresultsconfirmed that, the cgpability of nano
zinc oxide catalysts decreases by theincrease in the
initial concentration of and thebest inlet concentration
islower than 100 ppm H2S.
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